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Steady-state Thermal Hydraulic Analysis and
Flow ChannelvBlockage Accident Analysis
of JRR-3 Silicide Core

Masanori KAMINAGA_

Department of Research Reactor
Tokai Research Establishment
Japan Atomic Energy Research Institute

Teokai-mura, Naka-gun, Ibaraki-ken

(Received February 4, 1997)

JRR-3 is a light water moderated and cooled, beryllum and heavy
water reflected pool type research reactor using low enriched uranium (LEU) plate-
type fuels. Its thermal power is 20MW. The core conversion program from uranium-
aluminum (UA £.- A £) dispersion type fuel (aluminide fuel) to uranium-silicon-aluminum
(UsSi,-A £ ) dispersiontype fuel (silicide fuel) is currently conducted at the JRR-3.

This report describes about the steady-state thermal hydraulic analysis results
and the flow channel blockage accident analysis result. In JRR-3, there are two
operation mode. One 1s high power cperation mode up to 20 MW, under forced
convection cocling using the primary and the secondary cooling systems. The otheri
s low power operation mode up to 200 kW, under natural circulation cooling between
the reactor core and the reactor pool without the primary and the secondary cooling
sysytems. For the analysis of the flow channel blockage accident, COOLOD code
was used. On the other hand, steady-state thermal hydraulic analysis for both of
the high power operation mode under foreced convection cooling and low power
operation under natural convection cooling, COOLOD-N2 code was used.

From steady-state thermal hydraulic analysis results of both forced and natural
convection cooling, fuel temperature, minimum DNBR etc. meet the design criteria
and JRR-3 LEU silicide core has enough safety margin under normal operation
conditions. Futhermore, flow channel blockage accident analysis results show that
one channel flow blockage accident meet the safety criteria for accident conditions
which have been established for JRR-3 LEU silicide core.

Keywords: Flow Channel Blockage Accident, JRR-3, LEU Fuel, Plate-type-Fuel,
Research Reactor, Silicide Fuel, COOLQD, COOLOD-N2
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Table 1.1.1  Description of JRR-3 silicide tuel element (Standard tuel)
" B v B A N (BEEH) TV I A FEE (R
48 |8 76.2x76.2 % 1150 mm G
U-235 12 #5 B |¥9 20w % G
U235 & A & # 472g # 300g
5 oL EE#48 g’ #1 2.2 glen®
B # 0.51 mm # 0.76 mm
S #1 62 mm Eipaa
X #1750 mm [Rl
wEME X ¥ 038mm Eip:m
B ¥ 1.27 mm % 1.27 mm
PR | # 71 mm 6/
R %7 770 mm Rl
Y ENRA R R 20 19
BHMEREX  |§Y 235 mm(x 20) 1 228 mm(x 19}
BmoE S LYV T I ST LG TS LTI o A AEE
" HREE (UsSizAl (UAL-Al)
. B i ThIoLAEE FILI S LEE
7 A 6061« AGINEX(ZHI % m AG3INEXIZHH M 80
4T A NITL
Al | ¥7 0.4 mm
=& #¥7 750 mm L
WA (BB R |7V I 27 AEE
WEHIEX ¥ 020mm
A Y]
B OB O E | ERTE 0% BEEY S0%
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Table 1.1.2  Description of JRR-3 silicide fuel element (Follower fuel)
H H Pt MK (EEE) T FEBE (ZEERD
s e |# 64 x 64 x 880 mm Gk
U-235 ¥ fs B (%7 20wt % Rl A
U235 & A & |#y302g #1190 ¢
75 v EE | 48gienr # 2.2 glem®
B & # 0.51 mm 1 0.76 mm
& Mg 7 49 mm b
K& #7750 mm Wl
wEME X | 038mm P
JLoRe) #7 1.27 mm %7 1.27 mm
PREHR |05 #7 60 mm [ A
e # 770 mm P
I AL 16 15
HIMMISE S | 2.40 mm (x 15) #7 238 mm( x 14)
BB b TSV AVTIVIZTLGT T TN DT LG EES
nom BEAS (UsSi-Al) (UAL-Al)
v om M TIIZT LGS T LEE
! A6061. AG3NEXIZHMS  |AGINEXIZA M 5
FEEH AARITL
AJHRYE |RRER # 0.4 mm
E& ¥7 750 mm L
WA (EMEE [TV AEE
HWEMIES ¥ 0.20 mm
E 34
KB BEE OEREVE 0% FHHREE S0%
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Fig. 2.1.1 JRR-3 silicide core configuration
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Table2.1.2/1Z7R T .
a. HIEHERIIEFE AL HASTREBICZ ST L D ITHBET S,
b, FOOBRERORE ISEHREE b2, hOREAHNSWITE 6L S kR
MDE S ABLET 5,
(6) et
RIGEFREP2TATH 5720, REOERGEHICE O TEFFO N LV DR E)
6 LT ORI AR LT b, i, FOTEAVhE Lo, FHFR
S OEMIRBORRERSL L FLODOH G LETH 5,
(7) BRBERE
BB B R E LT, MBI BERI SICBBEAERE LT, BEER FEOR KK
BEREA%60 %A A1 & D ITBRBIR L %47 D,

Table 2.1.1 Neutronic characteristics of JRR-3 silicide core

Initial core Max. Excess  Homogeneous-
reactivity core  Equilibrium core

Excess reactivity (Ak/k) 0.18 0,20 0.09
One rod stuck Margin (Ak/k) 0.04 0.03 0.11
Control rod worth (Ak/k)
(a) Total rod worth .27 0.28 0.21
(b) Single rod worth (max.) 005 0.04 0.04
Reactivity worth for heavy water dump (Ak/k) 0.07
Maximum reactivity insertion rate (Ak/k/s) <7.5x 10"

Reactivity coefficient
(a) Moderator void coefficient (x 107 Ak/k/% void) 4.1 ~ 7.0 27 ~ -48 29 ~ 51
(0 ~ 50 %void)
(b) Moderator temperature coefficient (x 107 Ak/k/°C) -2.3 ~ -42  -2.1 ~ -3.2 -2.3 ~ -35

(0 ~ 200°C) _
(c} Doppler coefticient (x 10° Ak/k”C) -34 ~ -1.8 30 ~ -22 25 ~ 23
(0 ~ 200 °C)
Kinetic parameters
(a) Prompt neutron lifetime (s) # 1.52x10™ 1.59x 10° 1.54x 10"
(b) Effective delayed neutron fraction (-) 5, 7.20 x 107 6.63 x 107 6.79 x 10~

Table 2.1.2 Hot channel factors from neutronic design of the JRR-3 silicide core

Factor
Hot channel factor from neutronic calculation 3.03
(Fn=Fg* F*Fe*F2)
Radial peaking factor {Fr) 1.41
Local peaking factor (Fu) 1.36
Uncertainty factor (Fg) 1.18
Axial peaking factor (Fz} 1.34
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Table 3.1.1 Major thermal-hydraulic characteristics of JRR-3 silicide core

Item Forced convection cooling Natural convection cooling

mcde mode

Thermal Power 20.0 MW 0.2 MW

Average power density 155 kw// 1.55 kW/#

Primary coolant flow rate 2400 m*/min (662.7 kg/s} 2.46 kg/s

Core inlet temperature (Max.} 350 7T 350 C

Average core outlet temperature 437 T 549 T

Core inlst pressure 1.55 kg/cm?abs 1.67 kg/cm‘abs

Total heated area of the core 556 m° 556 m’

Average heat flux of the core 36.0 wiem® 036 w/iem®
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Table 3.3.1 Fuel specification for calculating engineering hot channel factors

Name of factor Fuel specification Memo
Uncertainty factor for U-235 content per fuel 2048" g:gg g . 528 w1 N
plate {Fre)
Uncertainty factor for U-235 distribution  (Fa} T 15%
Uncertainty factor for fuel meat width (Frw) 60.0~64.7
Uncertainty factor for fuel meat length (£, 75073 mm
Uncertainty factor for flow area (Fca) 235 = 0.2
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Table 3.3.2  Hot channel factors including sub-factors

Name of factor Sub-factor Hot channsl Memo
factor
1. Hot channel factor from neutronic calculation (Fw) 3.03
Radial peaking factor (Fg) 1.41 '
Local peaking factor (Fi} 1.36
Axial peaking factor (F2) 1.34
Uncertainty factor (F&) 1.18
2. Engineering hot channel factor
(1) Engineering hot channel factor for bulk coolant 1.32
temperature rise (Fo)
1) Heat generation side factor
{DUncertainty factor for power level measurement (Fo) 1.05 statistical method"
@Uncertainty factor for U-235 content per fuel plate 1.02 statistical method"
(Frc)
(@ Net heat generation rate for coolant (Fawe) 1.00
2) Heat removal side factor '
DUncertainty factor for flow distribution (Fo) 1.13
@Uncertainty factor for flow area (Feca) 1.16 statistical method"
@Uncertainty factor for flow rate measurement (Fa} 1.02 statistical method"
(2) Engineering hot channe! factor for film temperature rise 1.36
(F
1) Heat generation side factor
(DUncertainty factor for neat flux level measurement (Fur) 1.05 statistical method"
Z)Uncertainty factor for U-235 content per fuel plate (Frc) 1.02 statistical method"
@Uncertainty factor for U-235 distribution in a fuel plate 1.15 statistical method"
- : (Fa)
@Uncertainty factor for fuel meat width {Frw) 1.04 statistical methog”
®Uncertainty factor for fuel meat length (Fon) 1.01 statistical method"
{8)Net heat generation rate for fuel (Fwer) 1.00
2) Heat removal side factor
DUncertainty factor for heat transfer correlation (Fre) 1.05
(@Uncertainty factor for heat transfer coefficient due to 1,11
flow distribution {Fav)
@Uncertainty factor for heat transfer coefficient due to 1.02 statistical method”
uncertainty of flow rate measurement {Fave)
@Uncertainty factor for heat transfer coefficient due to 1.04 statistical method"
uncertainty of flow area (Fna)
(3) Engineering hot channe! factor for heat flux (Fg) 1.16
1) Heat generation side factor _
(TUncertainty factor for heat flux level measurement {Fre) 1.05 statistical method"
Uncertainty factor for U-235 content per fuel plate {Frc) 1.02 statistical method"
&HUncertainty factor for U-235 distribution in a fuel plate 1.15 statistical method"
. (Fa)
@Uncertainty factor for fuel meat width (Few) 1.04 |statistical methed"
HUncertainty factor for fuel meat iength (Fipy) 1.01 statistical method"
{6’Net heat generation rate for fuel (Frnep) 1.00

1) These factors are treated by statistical method as described in section 3.3.2.
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Irradiation thimble (with irradiation sample cooling pipe)

Uniform irradiation
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Between Fuel sidefplate and Beryllium reflector
ipn element and Beryilium reflector)
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water tank) Between Fuel side piat# and Fuel side plate

* There are drain hole and air cutlet hole

Irradiation thimbile in the Lower plenum.

(with irradiation sample cooling pipe)

Fig.3.4.1 Horizontal view of JRR-3 silicide core
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Fig.3.4.2 Vertical cross-sectional view of JRR-3 silicide core
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3.4.2  FOREBR BRI R
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Table 3.4.1  Flow distribution analysis results of JRR-3 silicide core
(Rated flow rate of 2400 m’/h)

Ne - Region Flow area Velocity Flow rate Flow rate ratio(%;)
(m’) {m/s) {m%h) Silicide core Aluminaide core
1 Standard type fuel element 0.08750 5.83 1836.8 78.5 75.3
2 Fallower type fuel element 0.01564 5.18 2916 12.2 12,5
3 Irradiation element 0.00226 5.37 43.7 1.8 2.0
4 Beryllium reflecter (B, C type) 0.00267 5.23 50.3 2.1 2.3
5 Core bypass 0.00563 4.24 859 36 39
8 Be reflector — Fuel side plate 0.00256 2.43 22.4 0.9 1.0
7 Fuel side plate— Fuel side plate 0.00281 2.64 26.6 1.1 1.2
B radiaton sample coolng ppe 001021 092 195 08 08
9 Air outlet hole and drain hole 0.00063 10.23 - 23.1 1.0 1.0
Tota! 2400.0 100.0 100.0
£ No.1~7: Fiow area and velocity are indicated at the axial center of the core.
No.8 : Flow area is indicated at irradjation thimble outer channel. Velocity is indicated at cooling pipe.

Table 3.4.2 Flow distribution analysis results of JRR-3 silicide core
(Rated flow rate of 1200 m'/h)

No Regicn Flow area Veloeity Fiow rate Flow rate ratio{%)
{m°) (m/s) (m/h) Silicide core
1 Standard type fuel element 0.08750 2.91 915.9 76.3
2 Follower type fuel element 0.01564 2.60 146.3 12.2
3 frradiaticn element 0.00226 2.70 21.9 1.8
4 Beryllium reflectar (B, G type) 0.00267 2.64 25.4 2.1
5 Caore bypass 0.00583 2.14 43.3 36
[ Be reflector — Fuel side plate 0.00256 1.23 11.3 0.9
7 Fuel side plate— Fuel side plate 0.00281 1.31 13.2 1.1
8 !rrad_iat_ion thimble (wiﬂj _ 0.01021 0.49 104 0.9
irradiation sample cocling pipe)
9 Air outlet hele and drain hele 0.00083 5.44 12.3 1.0
_ Total 1200.0 100.0
71:) No.1~7: Flow area and velocity are indicated at the axial center of the core.
No.8 : Flow area is indicated at irradiation thimble outer channcl, Velocity is indicated at cooling pipe.
— 96—
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Table 3.4.3 Flow distribution analysis results of JRR-3 silicide core
(Rated flow rate of 480 m’/h)

No Regicn Flow area Velocity Flow rate Flow rate ratio(%)
{m%) (m/s) (m’/h) Silicide core

1 Standard type fuel element 0.08750 1.16 364.4 75.9
2 Follower iype fuel element 0.01564 1.04 58.7 2.2
3 Irradiation element _ . 0.00226 1.08 8.8 _ 1.8
4 Beryilium reflecter (B, C type? 0.00267 1.07 10.3 2.1
; 5 Core bypass 0.00563 0.87 17.5 3.7
] Be reflector - Fue! side plate 0.00256 0.51 4.7 1.0
7 Fuel side plate— Fuel side plate 0.00281 0.56 5.7 1.2
3 raciion sample cooing pie) 001021 021 46 1.0
9 Air outlet hole and drain hole 0.00063 2.40 5.4 1.1

Total 1200.0 100.0

"4 No.1~7: Flow area and velocity are indicated at the axial center of the core.
No.8  :Flow area is indicated at irradiation thimble outer channel. Velocity is indicated at cooling pipe.

3.5 EEIENES
35.1 FEELRE

! LUK RN T, TR EER AT — 5 2T,

(1) 1 IRGEMHRIZ2400 m¥h& L. E0 5 SRR ERRNE RN SR, ¥
Ut RERBHE OO CTE R FRTHE R IZHE-T5%76.5% (1836.8m%/h) & L7,

(2) A TBHIFEREE RS °Cy FOATISAFE/1131.55kg/em?abs & L 72,

(3) Bk HRFEHETHE R LAHME T RETFENR A0 TR 133 Bok 13T
FL BBk EEE ] TRLUACBD TH D, Table 3.5 LBk EGHEHEIC UL biTs
B IR T (Fp)~ BB S A5 WA (R O SR BRI A A I () S 2 3
W IR Bk B ARE N N LA N EUK B R A T, '

Table 3.5.1 Hot channel factors used in JRR-3 silicide core analysis

Factor Forced convection Natural convection

cooling mode cooling mode
Hot channe! factor from neutronic calculation 3.03 3.03
! (Fn=Fg*Fo*Fe*F2)
Radial peaking factor (Fa) 1.41 1.41
Local peaking facter {Fy) 1.36 1.36
Uncertainty factor {Fz) 1.18 1.18
Axial peaking factor (F2) 1.34 1.34
i Engineering hot channel factor
: For bulk coolant temperature rise (Fs) 1.32 1.32
For film temperature rise (F) 1.36 1.55
For heat flux rise {Fg) 1.16 1.16
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4) WAEMO WA, 3 IRGHLEGEHE I — FCTATIONIZ & DR 72115 1 7 14)
EABFLCNT 3510 T Sa-1, Sa-2 i 45 [HR. R-1, R-2, $-1, S22 S emT R/
e FR AR I 3513 A4 C0OLODY B UXCOOLOD-N2PD A1 7 — 7 e AT G h &L
ENZ Fo b D& R, EEIPLSVKEENTIER LB ol 1534 & Fig. 3.5.1
(NS BN

352 HBRENEH R U BB OBURER
BRELEM O BEERIZLIT OE® 0% i/,

k=320 [W/mK]=27.52 [kcal/(hrm C)]
WM DBAREFRO.- O, Table 3.5.21 4% A7,

Table 3.5.2  Thermal conductivity of cladding

Temperature Thermal conductivity
['C] [keal/lh m ]
20.0 112.0
100.0 122.0
300.0 149.0
1.4
13 | fL .
1.2 | et
1.1
5
ki 1.0
< 09
=
£ o8
=
@ 0.7
B os
E —— Axial power distribution
g 05 ™\ calculated by CITATION
o 04 | —— Axial power distribution for
e 0.3 COOLOD-N
= » Axial power distribution for
<02 | cooLOD
0.1
0.0

4] 5 10 15 20 25 30 35 40 45 50 55 60 65 70 VS
Distance from top of fuel meat (cm)

Fig. 3.5.1 Axial power distribution factors for JRR-3 silicide core sicady-state
thermal-hydraulic analysis

353 BVnEARML

JRR-33 U A KA. O N THEA U 7o B EAH B L% Table 3.5.312/°9 7 Table
35413, DNBEWHHEMBER AL R UL bDTH B, TH SO, BKIP & IEA~TIIE,
RIE T A DIRIB TEIR L &N B AR A Rl e R ISR S 6D T, IhE
TIZ HIRR-2®, JRR-3M®, IMTRO KLU IRR-4ODFFIHEH L TEL D TH 5,
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Table 3.5.3 Heat transfer correlations

(Unit system is MKS)

Heat Transfer
Mode

Corretation

Subcooled
Liguid
Convection

» Re < 2000
1. Upward flow (mass flux > 0.0

h= max[jc— 4.0, A Collier)
De

Collier's correlation

0.25 01
L[ P 2 3t -
h Collier = —-017 R’ Pri® el e ﬂDea([w %)
De (Pre),, #g ;

2. Downward flow {mass flux < 0.0}

he X 40
De

» 2000< Re < 2500

1. Upward flow (mass flux = 0.0}
h is interpolated between the Collier's correlation and the Dittus-Beoelter's correlation

. corresponding to the Reynolds number.

2. Downward flow (mass flux < 0.0}

i is interpolated between A= 5&4.0 and the Dittus-Boelter’s correlation corresponding
’ e

to the Reynolds number.
« Re > 2500 [Upward and downward fiow]
Dittus-Boelter’s correlation

h= £ 0023ReDS PP
De

Subcooled
Nucleate
Boiling

Modified Chen's correlaticn to both upward and downward flow
G = Pyje Ay + Arae (Tw - T,;)
B = * o 0023ReII P4 F

De

0.79 0.43 049

kp /086)  (4186C -

hmic = € | f(;.s ] g129 2] nz{ o2 AT APETS
(980 (98u, ) (4186k5) P}

4'0.75
€= 000122 % u.ssx(g.sx 10')
F=10
§=1/ [1+0.12 Re'““) Re' < 32.5
‘ 078 , G De s
s=1f(1+0.42Re : ) 325 < Re' < 70.0 Re'= —o 10
g
S = 0.080 70.0 < Re’

Saturated
Nucleate
Boilinb

- Upward flow and downward fiow ----- Chen's correlation
g= (hmic + hmc)ATmr

K 108 04
k _B;o.ozs{aef(l .\)} PritF

. 03 01
’ : x )0'9 PAr Hy
F=12351/x, 4 0.736 ) g )
F =12 J(lf.m,, 70.213) fx, > 01 X NM-x P Hg

5:1/(1+ u.zzke'm) Re' < 32.5

S= 1;(1+0.42Rc"-"3) 325 < Ae' < 70.0 Ro'm i ITE L RIS g

S =0.080 70.0 < Re’
= Upward flow G > 271 kgx‘mzs under natural convection ----- Rohsenow's correlation

3
_ Bckiby {1 Cpfﬂmz}

=

a \00132 Pr kfg

\‘,O,: _pg
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Table 3.5.4 DNB heat flux correlations

{Unit system is MKS)

1. Upwérd Flow

* .r_—gi i
Fong =49 (hfg ‘V"A'l)ggc(pf - pg))j

| g

\pr - g

A=

g = maX(qf : qS)
* L0611 . G
q] = 0.005G f G = e
Aogselor ~py)

g
va /4 d = Channel width {m)

. A
4 = 0.7 flow

Agian {1"‘()95 ; pﬁ)o.zs}z '

2. Downward flow

q =maX(min(q1, q;), qSJ

A A .
o Apow Sy ,  Ahj = Inlet subcooled enthalpy

Agap hpy
The other parameters are same 1o these shown above except that the mass fiux term
is represented by ils absolute value.

ViR~ RF
h = SRR, [kcal(m’hr°C)] b = /N7 KIREE
k = BRI, [kcal/(mhr°C)] DNB  =DNB
De = EKIELE, [m] f = 7 4 VIR
Pr - TSRV, [%] g - RS
Re = LA RE (9P ¢ - WK
7]
[ = HEHRE, [kg s/m?] v = IEE
Cp = EHEELEA, [keali(kg°C)] w = Bty
Tous = RIFR R, [°C]
T = {REE, [°C]
AP =P, -Py, [kg/cm?]
AT S R [°C]
q = BRI, [keal/(m?h)] or [keal/(m?s)]
P = 7, [kg/cm?]
x =7FV74, |[-]
p = BE, [kg/mr']
G = HRiRE, [kg/m?s]
ge = IR, [mis?
o = AR, [kg/m]
Agew = ITESTHIHE, [m?]
Agap = NN#ATT A, [m?]
B = JBERE, [1/7°C]
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3.6 B T720 MWERIFLLGE R BUK T ET

B H20 MWERF.OE S SN IZ. 135 BETICHOW R EZBARMA ] TRUACX
STy L IR HIB G R2400 mh. FOA TR EM IR E3SC. 0 A D EI P 1155
kg/em abs DD EETIT » 720

SR B A Table 3.6.110. Ry b F + »RIVROEEF » o 2L O8N RE A R L5
i, MEHRE ST, E0 . BT FFig 3.6. 14 UFig. 3.6.22 0T,
RN O, Ry FF P U RICEOTHEAM B DRE6L0°C, BEH R R &R
99.4°C . HREHEMEEEEEE106.7°C. B/NDNBR2.49 & 75 » 1o BFHERIRE R S & <
HKAME (Fy P2y b)) 2L TIREERIRONB)REI13.5C. ONBREICHT L4
#14.1°CTH BB mmﬁ 'ﬂ#%%@im%mu*ﬁwfﬁm&ﬂb\%%ﬁﬁ
(ONB)IEE107.2°C ONBREIZHT 2 R#127CTH S, ThoDITHRIL. 32 &
FA# | TR Uil aﬁ%ﬁ@ﬂ%&@&w@Lf+ﬁn%%%%q1wéo_nu\j
%O BEEE D R ETAEELRFEROFROR—-2E L TH 3RO TH L. —Hh.
TG F L TIE. BHMEEE43.7C, BERERRAERES?.7C. BEEMR&
BEF60.9°CTH 5, MBI (ONB) R IZHMEH LICE 1 T100.6°C. ONBIREIZN T 5%
#44.3°C. W/ DNBR6.52TH 5,

Table 3.6.1 Steady-state thermal-hydraulic analysis results
(Forced convection cooling mode, 20 MW)

Average channel Hot channel analysis
analysis results” results
Coolant outlet temperature : Tpou (°C) 43.7 81.0
Fuel plate surface maximum temperature : Tw (°C) 57.7 89,4
Fuel meat maximum temperature : Tm (°C) 60.9 106.7
ONB temperature at hot spot: Toyg (°C) 106.9 113.5
Temperature margin against Toyg at hot sopt 492 141
: ATong (°C)
ONB temperature at channel exit: Tong (°C) 100.6 107.2
Temperature margin against Toyg at channel exit 443 12.7
. ATong (°C)
Minimum DNBR (-} 6.52 2.49

1) For the analysis of average channei, all the hot channel factors are assumed to be 1,00, except axial peaking factor ot Fz.

3.7 BEARHHRE, FOADRE. EFEH N7 A — ST _

BB R, A REM R R OB %87 2 — ?&LfiﬁWuﬁmﬁﬁ
ﬁ%%mbt9%¢tm5#~zd\F&s%ﬁﬁnonﬁm@ﬁ Y ) 2 TR IR
LB HIF AR 2400 m¥h, DA IBEHIMELEIS «COBAETH D, HMRE Y7 A -
7 HRATT T 121440 (60 %)~3240 (135 %) m/h (ORI F il #353.0~789.6 cmys) Db
TikEA . Pl ADBERIRE RS A — 7 BN TIE25~45 cCORMMATREEZZE LS 2,
i, BRI F 35 A — BT TIR18~ 28 MWOFE TH A ZE /LS 272,

—31—
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171 BTV E B R
AT, B AR BAMAER., FOADBIMHEERCE PR AN, T36
700 MWEHF BB BUK 8T | TRARIFLESHK I EFR LU TH S,

372 BEERE ST A — 5 AT

BN SR F &% Table 3.7.100. ¥ 70, Fig 3. 7. EIM H DR EL, #oHR R R
HE. MCENSHR TS, ONBIRJE. DNBRZBHIM LSRRI & D g, BATHERE.
Wbty My Uy RAOEDTH B, Figd .10 oM HEL375cnmys (FEIM R
1540 m¥h) BT Tl R TR EAONBRE A A, Ky M F+ RWTE O TR
ETTHBEST D, —H HI/DNBRIT. ¥ H B i #E $9398cmis (AN MR R
1440m¥n(60%)) BLF1.5% TS £ 5T b, £/, Figd 7. 1R LI & 9 ISERKTERRD
s HIHA S 5 86emys (AEIM MR 2400mYh) 1S3 W CONBIRLEE IS T 5 R ANZIE A &
KoThh, BEOHRRX, FOEEIIREE I ERD S,

Table 3.7.1 Analysis results -Coolant flow rate parameter-

Primary Coolant Hat channel Fuel plate Fuel meat ONB Temperature Minimum
coalant flow velocity outlet coalant surface maximurm temperature margin DNBR
rate temperature maximum temperature against Towns
temperaiure
(m°/h) {cm/s) Tb,0u (°C) Tw (°C) 7w °C) Tons {°C) ATons {°C} i)
1440 353.0 78.2 123.0 1302 - 120.7 2.2 1.49
1560 3821 74.9 119.9 1271 120.2 0.4 1.62
1680 411.2 721 116.8 124.0 119.8 29 1.74
2040 498.8 65.5 107.6 114.8 117.0 95 2.12
2400 586.0 61.0 89.4 108.7 107.2 12.7 2.49
2760 673.4 57.6 83.0 100.3 99.5 11.4 2.86
3120 760.8 55.0 87.8 95.1 a7.2 53 3.23
3240 789.6 53.3 86.2 93.6 82.7 6.6 3.23

3.7.3 DA LGHFHREE S A — 7 f#iT

BB O E S A Table 3.7.210. £72. Fig3. 7200 H HITRE .. BB R HE R
R, RS B iR, ONBIREE. DNBR%E WEIMF.LADRE A AN & Dnd s AT
BRI LTFAbRy N RLDOLOTH B, Figd. 720 SEFMELA DRI
LME . F/\DNBR. ONBIRESBWAE UL ESWSNTH Y FLATTRESYS
COHAT HONBRIEA#HS.RC. B/\DNBR 2.16TdH ), ONBRIEA#. B/DNBRE b
IR NS B,
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Table 3.7.2 Analysis results -Core inlet coolant temperature parameter-

Core inlet Caclant Hot channel Fuel plate Fuel meat ONB Temperature  Minimum

caolant velacity autlet coolant surface maximum temperature margin DNBR
termperature temperature maximum ternperature against Tows i

{emperature ) .
°C) {cm/s) To.0ut {°C) Tw (°C) T (°C) Tona. {"C) ATona (°C) -

25 585.4 50.9 93.7 101.0 112.2 18.7 2.82

30 5857 55.9 96.6 103.9 106.9 16.2 2.66

35 586.0 61.0 99.4 106.7 107.2 12.7 2.49

40 586.3 66.0 102.7 109.9 107.4 9.2 2.32

45 586.5 71.0 105.8 113.0 107.5 5.8 2.16

374 BEEHI85 A — 5 E

WATRE RO F &8 Table 3.7.31. F72. Figd. 7.3 AR H OB #RFHIER =i
Fr BRELERHE SRR . ONBIRAE. DNBRZ B Hi 77 &8I & D Rd . BRI,
Wby FFr L RALOLEDTH D Figd 730 B TH HIJ127.0MWELL T, #0F
WEHREAONBRIELAEZ ., Ry M+ VRMCE O TREHRER THEST 5.~
F/NDNBRIZ B 797 A28 OMWESIZ 51T £ 1.78TH D . 5/ \DNBROHMTHAETH
ISICM LT ERABDS 5, [PHIRER (BRE) 110227 J5 LOREMLER
HAHD110% THHBETHHI2.0MWTH 50, 22.0MWEHI BT HONBRE R
8.5C. §/NDNBR 2.26T% V. ONBIRESR#B. H/IDNBRE bIZH3ERIHH 5o

Table 3.7.3 Analysis results -Thermal power parameter-

Reactor Coalant Hotchannel  Fuel plate Fuel meat QNB Ternperature  Minimum
thermal power velacity outlet coolant surface maximum temperature margin DNBR
temperature maximum temperature against Towe
temperature
(MW) {cm/s) Ty.ou (°C) Tw (°C) T {°C) Towa (°C) ATona (°C) {-)
18.0 585.6 58.4 83.6 100.2 106.4 17.2 276
20.0 586.0 61.0 898.4 106.7 i07.2 12.7 2.49
22.0 586.3 63.5 104.8 112.8 107.9 85 - 2.26
24.0 586.6 66.1 109.6 118.3 108.4 4.6 2.07
26.0 587.0 68.7 113.8 123.2 108.8 11 1.91
27.0 587.1 70.0 115.7 1255 109.0 -0.57 1.84
28.0 587.3 71.3 117.6 127.7 11092 -2.23 1.78
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Fig.3.6.1 Steady-state thermal hydraulic analysis results of temperature, pressure and heat flux
distributions for hot channel at 20 MW under forced convection cooling
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Fig.3.6.2 Steady-state thermal hydraulic analysis results of temperature, pressure and heat flux
distributions for average channel at 20 MW under forced conveclion cooling
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Fig.3.7.1 Steady-state thermal hydraulic analysis results
-Coolant flow rate parameter-
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Fig.3.7.2 Steady-state thermal hydr

aulic analysis results

-Core inlet coolant temperature parameter-
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Fig.3.7.3 Steady-state thermal hydraulic analysis resulls
-Thermal power parameter-
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3.8 B FT0.2MW HRTER M I O 4702 T BoK 1 BT

#IH70.2MW B ATEEA EIRE O LD E R BOK RT3, 135 MO ERER
| TR LI E DI, FOADREMIRE40°C, BCa A T H N FE 411.90kg/em abs D 554
DITIT 720

R R A Table 38.112. Ry M F v VRIVERTRTF » » R IV OEN T RS AR B 4
7. BREHARESME. . BRI £Fig 38 1 X UFig 38210 T TR T,

BHAEER S S . ke b F v v R TERHB R 4.2 °C. BEHRR IR &I E91.1 °Cy
BT S IRLEE91 2 *CE 7 - 2. HEHEFIIA(ONB)RIE119.4 °C. ONBIREITHT &k
183 °C. DNBR 736 THHo T HDFy b F v v RAOENHRIZ, 3.2 REFAE
1o L R ok e O R S LB LT, R B R o T B — T A
S UL TIE A LHREES LT °C, BV [k A IRAE63.8 °Cy MEHER R iR
63.9 °CTH Do MHHEBIIONB)REL18.7 °C. ONBIFEIZN S %R H54.8 °C. DNBR 16.09
Thh,

Table 3.8.1 Steady-statc thermal-hydraulic analysis results
(Natural convection cooling mode, 0.2 MW)

Average channel Hot channel analysis
analysis results”’ results
Coolant outiet temperature @ Tsouw (°C) ' 51.7 64.2
Fuel piate surface maximum temperature : Ty, (°C) 63.8 9141
Fuel meat maximum temperature : T (°C) 83.9 91.2
ONB temperature : Tgoyg (°C) 118.7 119.4
Temperature margin against Toyg: 4Tons (°C) 54.8 28.3
Minimum DNBR (-) 16.09 7.36

1) For the analysis of average channel, all the hot channel factors are assumed to be 1.00, except axial peaking factor of Fz.

39 HARTEBISHIEROB-FFH 1235 A — 5 AT

IR S AT A =7 & LT EARFE A HIEE O R R L BUK BT A S U o, RHE
LB — At (38 BHJI02MW EATEER A EIR QIR0 B #uk IIRT | T~
LA 102 MW~ DA AR 40 CCOBATH D, HIFF T, 0.1~0.5 MWD
T A AL S W, B LA OEEAEE. 02 MW OEEHUKITE
ERUTH S

MR EE RO E &4 Table 39110 Fig 3 9. HAMR IR, WM& R RmE.
B R EE . ONBIEEE. DNBRAEE T AHENC & 7 d. £, Figd 92l
o B R S R A B L AT & DT, BETRERE. LEhbEy P Ty
CEADLDOTH D, Figdolh SR TFEHII#0.45 MWELLETI, PR AEHAR 2% T TR B
ONBIERMBE . hw PF 4+ 2T EO TR AR TS 5. — 7. =/DNBRIZ.
AR 70,5 MWERZ BT H380TH Y« R/NDNBROHINIEHET H 215150 L THTZ
S b, [HPHFRER (R&E) J Ik AR S LOFEMITERIBAO110 %
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TP BETHE 022 MWTHAH 022 MWEHIE LT HONBRER25.1 °Cy b
DNER 687C% 1. ONBIEER#E. B/\DNBRE bIZTR7LRMDH Do

Table 3.9.1 Analysis results -Thermal power parameter-

Reactar Care flow Coolant  Hotchannel Fuel pfate  Fuel meat ONB Temperature  Minimum
thermal power rate velocity  outlet coolant  surface maximum  temperature margin DNBR
temperature  maximum  temperature against Tons
temperature
(MW) {kg/s) icm/s) Th,0u {°C) Tw {°C) T (°C) Towa {°C)  ATows [°C) (-)
0.01 0.910 1.14 451 47.0 47.0 117.5 70.6 70.67
0.05 1.8979 2.47 51.7 60.5 60.5 118.4 57.9 19.72
0.10 2728 3.41 56.9 72.6 72.7 i18.8 46.2 11.99
0.20 3.820 4.79 64.2 91.1 91.2 119.4 28.3 7.36
0.22 3.995 5.09 65.4 943 94.4 119.5 25.1 6.87
0.30 4.627 5.81 69,9 106.4 106.5 119.8 13.4 5.51
0.40 5.246 6.60 75.2 118.6 118.8 1201 15 4.46
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0.46 5.600 7.04 77.8 120.4 120.6 120.2 -0.2 4.04
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Fig.4.4.1 Flow channel blockage accident analysis results of temperature, pressure and heat flux
distributions for normal channel side at 20 MW (Base case)
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