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Steady-state Thermal Hydraulic Analysis and
Flow Channel Blockage Accident Analysis

of JRR-3 Silicide Core

Masanori KAMINAGA

Department of Research Reactor
Tokai Research Establishment

Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received February 4, 1997)

JRR-3 is a light water moderated and cooled, beryllium 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£X-A#) dispersion type fuel (aluminide fuel) to uranium-silicon-aluminum
(UjSi2-Aj2) 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 is high power operation mode up to 20 MW, under forced
convection cooling 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 forced 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, COOLOD, COOLOD-N2
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Table 1.1.1 Description of JRR-3 silicide fuel element (Standard fuel)

B m (MMM)

76.2 x 76.2 x 1150 mm

U-235 20wt%

U-235 -a 472 g ft 300 g

> 4.8g/cm3 2.2g/cm3

0.51 mm 0.76 mm

62 mm

750 mm

Ivf 0.38 mm

1.27 mm 1.27 mm

71 mm

770 mm

20 19

2.35 mm (x 20) J 2.28 mm ( x 19)

u y ->
(U3SirAl) (UA1X-A1)

A606K

0.4 mm

750 mm

0.20 mm

42

60% 5 0 %

- 3
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Table 1.1.2 Description of JRR-3 silicide fuel element (Follower fuel)

a
64x64x880 mm

U-235 20 wt %

U-235 302 g viyug

4.8g/cm3 f-J 2.2 g/cm3

0.51 mm 0.76 mm

49 mm

750 mm

0.38 mm

1.27 mm 1.27 mm

60 mm

770 mm

16 15

Ifa 2.40 mm ( x 15) $} 2.38 mm ( x 14)

(U3Si2-Al) (UA1X-A1)

A606K

0.4 mm

750 mm

0.20 mm

34

5 ? ^ 60 % 50%

- 4 -
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Fig. 2.1.1 JRR-3 silicide core configuration
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Table 2.1.1 Neutronic characteristics of JRR-3 silicide core

Excess reactivity (Ak/k)

One rod stuck Margin (Ak/k)
Control rod worth (Ak/k)

(a) Total rod worth
(b) Single rod worth (max.)

Reactivity worth for heavy water dump (Ak/k)

Maximum reactivity insertion rate (Ak/k/s)
Reactivity coefficient

(a) Moderator void coefficient (x 10° Ak/k/% void)
(0 ~ 50%void)

(b) Moderator temperature coefficient (x 10"4 Ak/k/°C)
(0 ~ 200 °C)

(c) Doppler coefficient (x 10 s Ak/k/°C)
(0 ~ 200 °C)

Kinetic parameters
(a) Prompt neutron lifetime (s) ?.
(b) Effective delayed neutron fraction (-)/Lr

Initial core

0.18

0.04

0.27
0.05

-4.1 ~ -7.0

-2.3 ~ -4.2

-3.4 ~ -1.8

1.52x WA

7.20 x 10"3

Table 2.1.2 Hot channel factors from neutronic design of the

Factor

Hot channel factor from neutronic calculation

Radial peaking factor (FR)
Local peaking factor (FL)
Uncertainty factor (FE)
Axial peaking factor (Fz)

Max. Excess
reactivity core

0.20

0.03

0.28
0.04

0.07

< 7.5 x 10"4

-2.7 ~ -4.8

-2.1 ~ -3.2

-3.0 ~ -2.2

1.59 x U)A

6.63 x 103

Homogeneous-
Equilibrium core

0.09

0.11

0.31
0.04

-2.9 ~ -5.1

-2.3 ~ -3.5

-2.5 ~ -2.3

1.54 x 10*4

6.79x 103

JRR-3 silicide core

3.03

1.41
1.36
1.18
1.34

- 1 0 -
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3.1
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Table 3.1.1 Major thermal-hydraulic characteristics of JRR-3 silicide core

Item

Thermal Power
Average power density
Primary coolant flow rate
Core inlet temperature (Max.)
Average core outlet temperature
Core inlet pressure
Total heated area of the core
Average heat flux of the core

Forced convection cooling
mode

20.0 MW
155 kW/':!

2400 m3/min (662.7 kg/s)
35.0 °C
43.7 °C
1.55 kg/cm2abs
55.6 m2

36.0 W/cm2

Natural convection cooling
mode

0.2 MW
1.55 k\N/l
2.46 kg/s
35.0 °C
54.9 °C
1.67 kg/cm2abs
55.6 m2

0.36 W/cm2

3.2

(3) JIte^

3.3 ^

9 ^ < * * s Table3.3.

f T3.3.3 ^ i i

- 1 1 -
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Table 3.3.1 Fuel specification for calculating engineering hot channel factors

Name of factor

Uncertainty factor for U-235 content per
plate

Uncertainty factor for U-235 distribution

Uncertainty factor for fuel meat width
Uncertainty factor for fuel meat length

Uncertainty factor for flow area

fuel
(FFC)

(Fa)

(FFW)

(Fem)

(FCA)

Fuel specification

, , , f l i 0.40 . ,

1 15%

60.0-64.7

75O*io m m

2.35 * 0.2

Memo

l 2 0 lY1J^|Aj
2.0

3.3.1

fn =JMilllJj$il£

-m Liz. ^

(1)

T ,

L

(2)

(3)

NZHX.6fz&FzttZo i'fW-TIi, C(Ditlifr DX'K < > »5
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(3-4)

(3-5)

(3"6)

(3-7)
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(3) X
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(2)

JAERI-Tech 97-015

Fp = 1.05

<j'p= 0.05 / 3

F, = 1 + 3 • a\ = 1.05

FFC= 1.02

a'F(:= 0.02 / 3

/•' = 1 + 3 • a'n: = 1.02

'3}

> .$#a • iiix ft

2)

ri) f- +. > % Jli f(Fr)

) f" + >^;H^SKft^^HJF(/'> (micro))

(micro) = - — = 1-080

U ) f" /'Y; (macro))

^ J R R - 3 ^ -y ? T -y C J;

= 1 - 0 5 0

- 1 5 -
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f" +• y * JlsM

Fc = Ff (micro) x ^C (macro)

= 1.080 x 1.050

= 1.13

^«h t & J: 9 M'>t"§„ Aitc c »W /•

De

3/vA=2 • log^Rc • v/i)-0.8 (Karman-Nikuradsc©^)J;

Re =

A x

2

Re

i

x 104

-0.228 x

1

{De • V\

~~ 103

{De •

1

V2

V 1.V72

(kg/m2)

A : J£&ffl&#« (-)

K : ifa'M (m/s)

De : *W\7k)]\m. (m)

/ > = 4 x KU&fiil

/I

f; x ^ • V x

(m3/s)

L T
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De,
, 1.693

nom)

Dc ( m i n ) .

Z)e
( m i n )

f (nom) = 2.35 =

De
(min)

2.15

FCA = (L093)1 '6 9 3 = U 6

a'CA = (0.093) / 3

F;- = 1 + 3 • CT'CM = 1.093

cij = 1.693

D f(FG)

c; • v « v

/I

(mYs)

(m2)

(m/s)

(m)

/V; = VI. 05 = 1.024

a'a= 0.024 / 3

F,•= 1 + 3 • a'r. = 1-024

3)

1 +

1.32

{(0.05)2 + (0.02)2 +(1.693 x 0.093)2 + (0.024) 2 j

• <r'G)2
1/2

1/2
1.13 x 1.0

- 1 7 -
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i) %

0)

5) ^ f
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FHF = 1.05
a'Iir= 0.05 / 3
Fj = 1 + 3 • a',,F = 1.05

(1.2.2. i ) . m
/•'„.= 1.02

CT'H;= ° - ( ) 2 ' 3

f. = 1 + 3 • a'tv = 1.02

a'd= 0.15 / 3

Fj = 1 + 3 • a'd = 1.15

> w = 1.037

r 'F^ = 0.037 / 3

Fj = 1 + 3 • a'FW = 1.037

/ = 750! t
5

0 mm

F(m = 1.014

<r'(m= 0.014 / 3

7-y = 1 + 3 • o-Vw, = 1-014

B") TOfisi ft iE n ^ ^ M f

- 1 8 -

(• (Fd)

± l5%(I

= 1.15

-7

= 6().()~64.7 mm

it, *K*4IRoJKit{cfcl>T, ^c© J: 9
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FNFP=l.O

Nu = 0.023-Re08 Pr04

0.8

Dea2-Vos

A7> x -1 x DeO2-V °*
h

0.4

Nu

Re

Pr

Cp

A7V

(m)

(m/s)

(kg/m3)

(kW/(nr'K))

(kW/(m'K))

(Pa-s)

(kJ/(kg'K))

(K)

1/1.05 = 0.952o

0.952 = 0.882 £ ft So

- 1 9 -
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-M\MT-©

= (0.024) / 3

= 1 + 3 • a\VE = 1.024\VE

a}. = -0.8

A7> x Det>2 -V a s

/V, = (1.093)02 = 1.02

cr'M = (0.093) / 3

1 + 3 • CT'

0.2

= 1.093

3)

)2 +(3 • o'K;)
2 +(3 • e^)2 +(3 • c^,^)2 +(3 • 3

+(

x 1.(15 x LOx 1.11

= 1.36

3.3.5

Ci)

(-(18+(-(18 x

FWf = 1.05

CT'W- = 0.05 / 3

/••; = 1 + 3 • a'HF = 1.05

d .2 .2 , i ) , 2:) {c|,ijl;

- 2 0 -
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FFC = 1.02

a'FC= 0.02 / 3

Fj• = 1 + 3 • a'FC = 1.02

Fd =
CT',, = 0.15 / 3

Fj• = 1 + 3 • &d = 1.15

=1.15

= 60.0—64.7 mm

FFW= 1.037

<T>H/ = 0.037 / 3

Fj = 1 + 3 • <T'FH/ = 1.037

= 7 5 0 ! ^ mm

F t o = 1.014
a'(m = 0.014 / 3

Fj = 1 + 3 • <TVOT = 1.014

FNFP=1.0

3) ^

**=

1.0

= 1.16

1/2

' I'NFl

- 2 1
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Table 3.3.2 Hot channel factors including sub-factors

Name of factor

1. Hot channel factor from neutronic calculation (FN)
Radial peaking factor (FR)
Local peaking factor (Ft)
Axial peaking factor (Fz)
Uncertainty factor (FE)

2. Engineering hot channel factor
(1) Engineering hot channel factor for bulk coolant

temperature rise (Fb)
1) Heat generation side factor

©Uncertainty factor for power level measurement (Fp)
©Uncertainty factor for U-235 content per fuel plate

(FFC)

©Net heat generation rate for coolant (FNWP)
2) Heat removal side factor

©Uncertainty factor for flow distribution {Fc)
©Uncertainty factor for flow area (FCA)
©Uncertainty factor for flow rate measurement (FG)

(2) Engineering hot channel factor for film temperature rise

1) Heat generation side factor
©Uncertainty factor for heat flux level measurement (FHF)
©Uncertainty factor for U-235 content per fuel plate (FFC)
©Uncertainty factor for U-235 distribution in a fuel plate

©Uncertainty factor for fuel meat width (FFW)
©Uncertainty factor for fuel meat length ( Iym )

©Net heat generation rate for fuel (FNFP)
2) Heat removal side factor
©Uncertainty factor for heat transfer correlation (FUE)
©Uncertainty factor for heat transfer coefficient due to

flow distribution (F/,v)
©Uncertainty factor for heat transfer coefficient due to

uncertainty of flow rate measurement (FWE)
©Uncertainty factor for heat transfer coefficient due to

uncertainty of flow area (FM)
(3) Engineering hot channel factor for heat flux (Fq)
1) Heat generation side factor

©Uncertainty factor for heat flux level measurement (FHF)
.2 Uncertainty factor for U-235 content per fuel plate (FFC)
©Uncertainty factor for U-235 distribution in a fuel plate

(Fa)
©Uncertainty factor for fuel meat width (FFW)
©Uncertainty factor for fuel meat length (£}m)

©Net heat generation rate for fuel (FNNFP)

Sub-factor

1.41
1.36
1.34
1.18

1.05
1.02

1.00

1.13
1.16
1.02

1.05
1.02
1.15

1.04
1.01

1.00

1.05
1.11

1.02

1.01

1.05
1.02
1.15

1.04
1.01

1.00

Hot channel
factor

3.03

1.32

1.36

1.16

Memo

statistical method1'
statistical method1'

statistical method1'
statistical method1'

statistical method1'
statistical method1'
statistical method1'

statistical method1'
statistical method1'

statistical method1'

statistical method1'

statistical method1'
statistical method1'
statistical method1'

statistical method1'
statistical method1'

1) These factors are treated by statistical method as described in section 3.3.2.

- 2 2 -
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3.4 £5.

3.4.1

JRR-3

CD
(2)

®
(5)

®
(7)

JRR-3

(B,CS)

26 iJK

5

8 ii

18

30 y

3 M

M& Fig.3.4.1 Fig.3.4.2

Heavy water tank

Irradiation thimble (with irradiation sample cooling pipe)

Standard type fuel element

Irradiation element

Uniform irradiation
thimble (SI)

Follower type fuel element

Core bypass
(Between Beryllium
refrector and Heavy
water tank)

Irradiation thimble (SH)

Irradiation thimble
(with irradiation sample cooling pipe)

Canal

Between Fuel side/plate and Beryllium reflector
(Between Irradiation element and Beryllium reflector)

Beryllium reflector (B, C type)

Between Fuel side plat/and Fuel side plate

Rotating irradiation thimble (DR)

* There are drain hole and air outlet hole
in the Lower plenum.

Fig.3.4.1 Horizontal view of JRR-3 silicidc core
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Irradiation thimble with irradiation
sample cooling pipe

, Control rod

Horizontal beam tube

Air outlet hole

Nozzle for Natural
convection valve

Drain hole

Irradiation thimble

Heavy water tank

Irradiation element

Standard type fuel element

Horizontal beam tube

Follower type fuel element

Primary coolant
outlet nozzle

Fig.3.4.2 Vertical cross-sectional view of JRR-3 silicide core

- 2 4 -
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(2400m3/h) K

A:

2 r

De 2g

De

p

Re

(kg/m3)

(m/s)

(m/s2)

(m)

(m)

(kg/m3)

(m/s)

(m/s2)

(3-1)

(3-2)

= 4 x

,3-3,

Re24000

- 2 5 -
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3.4.2 &>

3.4.1 K ( i #

^ ; £ Table 3.4.1~Table 3.4.3 Table

Table 3.4.1

Table 3.4.1 Flow distribution analysis results ol" JRR-3 silicide core
(Rated flow rate ol" 2400 m3/h)

No

1

2

3

4

5

6

7

8

9

Region

Standard type fuel element

Follower type fuel element

Irradiation element

Beryllium reflector (B, C type)

Core bypass

Be reflector Fuel side plate

Fuel side plate Fuel side plate

Irradiation thimble (with
irradiation sample cooling pipe)

Air outlet hole and drain hole

Total

Flow area

(m2)

0.08750

0.01564

0.00226

0.00267

0.00563

0.00256

0.00281

0.01021

0.00063

Velocity

(m/s)

5.83

5.18

5.37

5.23

4.24

2.43

2.64

0.92

10.23

Flow rate

(m3/h)

1836.8

291.6

43.7

50.3

85.9

22.4

26.6

19.5

23.1

2400.0

Flow

Silicide core

76.5

12.2

1.8

2.1

3.6

0.9

1.1

0.8

1.0

100.0

rate ratio(%)

Aluminaide core

75.3

12.5

2.0

2.3

3.9

1.0

1.2

0.9

1.0

100.0

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.

Table 3.4.2 Flow distribution analysis results ol" JRR-3 silicide core
(Rated flow rate of 1200 m3/h)

No

1

2

3

4

5

6

7

9

Region

Standard type fuel element

Follower type fuel element

Irradiation element

Beryllium reflector (B, C type)

Core bypass

Be reflector Fuel side plate

Fuel side plate Fuel side plate

Irradiation thimble (with
irradiation sample cooling pipe)

Air outlet hole and drain hole

Total

Flow area

(m2)

0.08750

0.01564

0.00226

0.00267

0.00563

0.00256

0.00281

0.01021

0.00063

Velocity

(m/s)

2.91

2.60

2.70

2.64

2.14

1.23

1.31

0.49

5.44

Flow rate

(m3/h)

915.9

146.3

21.9

25.4

43.3

11.3

13.2

10.4

12.3

1200.0

Flow rate ratio(%)

Silicide core

76.3

12.2

1.8

2.1

3.6

0.9

1.1

0.9

1.0

100.0

Mi) 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.
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Table 3.4.3 Flow distribution analysis results of JRR-3 silicide core

(Rated flow rate of 480 m3/h)

No Region Flow area

|m2)

Velocity

(m/s)

Flow rate

(m3/h)

Flow rate ratio(%)

Silicide core

1 Standard type fuel element

2 Follower type fuel element

3 Irradiation element

4 Beryllium reflector (B, C type)

5 Core bypass

6 Be reflector - Fuel side plate

7 Fuel side plate^ Fuel side plate

3 Irradiation thimble (with
irradiation sample cooling pipe)

9 Air outlet hole and drain hole

0.08750

0.01564

0.00226

0.00267

0.00563

0.00256

0.00281

0.01021

0.00063

1.16

1.04

1.08

1.07

0.87

0.51

0.56

0.21

2.40

364.4

58.7

8.8

10.3

17.5

4.7

5.7

4.6

5.4

75.9

12.2

1.8

2.1

3.7

1.0

1.2

1.0

1.1

Total 1200.0 100.0

&.) 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

3.5.1

U
•JIM K*R*4<P^

(2)

t

T3.3 i&

Table 3.5.1 ( C ^

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

Factor Forced convection
cooling mode

Natural convection
cooling mode

Hot channel factor from neutronic calculation

Radial peaking factor (FR)
Local peaking factor (FL)
Uncertainty factor (Fe)
Axial peaking factor (Fz)

Engineering hot channel factor
For bulk coolant temperature rise (Fa)
For film temperature rise (F/j
For heat flux rise {Fq)

3.03

1.41
1.36
1.18
1.34

1.32
1.36
1.16

3.03

1.41
1.36
1.18
1.34

1.32
1.55
1.16
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(4)

. R-l, R-2, S-l,

ig. 3.5.1

3.5.2

I 
fa

ct
o

r

_o
£

di
st

r
;ia

l 
p

o
w

er
 i

3

1.4
1.3

1.2

1.1

0.9

0.8

0.7

0.6

0.5
0.4
0.3
0.2

0.1

0.0

=32.0 [W/m K] = 27.52 [kcal/(hr m °C)]

Table 3.5.2K*-f 1

Table 3.5.2 Thermal conductivity of cladding

Temperature Thermal conductivity
[kcal/h m °C]

20.0
100.0
300.0

112.0
122.0
149.0

Axial power distribution
calculated by CITATION

- Axial power distribution for
COOLOD-N

Axial power distribution for
COOLOD

Fig.

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75

Distance from top of fuel meat (cm)

3.5.1 Axial power distribution factors for JRR-3 silicide core steady-state
thermal-hydraulic analysis

3.5.3

JRR-3 •

3.5.412,

VI

3.5.3 K Table

> t l l

JRR-3MC\
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Table 3.5.3 Heat transfer correlations

(Unit system is MKS)

Heat Transfer
Mode Correlation

Subcooled
Liquid
Convection

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

h = max —4.0, h Collier
\De

Collier's correlation

20De\Tw-T()
0.1

A Collier = —0.17Ref3Pr?43

De ' '

2. Downward flow (mass flux < 0.0)

h = —4.0
De

20005 Re < 2500
1. Upward flow (mass flux > 0.0)

h is interpolated between the Collier's correlation and the Dittus-Boeiter's correlation
corresponding to the Reynolds number.

2. Downward flow (mass flux < 0.0)

h is interpolated between h = —4.0 and the Dittus-Boeiter's correlation corresponding
De

to the Reynolds number.
Re k 2500 [Upward and downward flow]

Dittus-Boeiter's correlation

De
0.023 Re6

a8Pr6
04

Subcooled
Nucleate
Boiling

Modified Chen's correlation to both upward and downward flow

" c De
0.023 Re£

,0.49

'

C = 0.00122 x 0.86 x (9.8xlO4) "*

5 = 1/(l + 0.12 Re'114) Re' < 32.5

5 = l / ( l + 0.42Re*"8) 32.5 < Re' < 70.0 Rc'=

S = 0.080 70.0 < Re'

GDe
-x 10"

Saturated
Nucleate
Boilinb

Upward flow and downward flow Chen's correlation

Ux"
l - . v

0 . 5 ,

/ •= 235(1 /.v,,+0.213)a736 l/.v(I > 0.1 .v,

5 = l / ( l + 0.12 Re'114) Re' < 32.5

5 = 1/ 1 + 0.42Re* 8 32.5 < Re' < 70.0 Rc'= — xfu

s = o.oso 70.0 5 Re1
f/S

Upward flow G > 271 kg/m s under natural convection Rohsenows correlation

1 Cp,\TM *
q - 0.0132 Pr h.

\Pt-pg

- 2 9 -
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Table 3.5.4 DNB heat flux correlations

(Unit system is MKS)
1. Upward Flow

* ( i i

i _ j a

—

i\ -

2. Downward flow

u — max mm
^ V

.0.611
= 0.005(7

Aslab f /

G'= ^- 2—=-

v ' d = Channel width (m)
\0.25 | "

q'2 = -P??.-l—i-a*, A/TJ = Inlet subcooled enthalpy
Aslab hfg

The other parameters are same to these shown above except that the mass flux term
is represented by its absolute value.

lid

Pr

Re

Cp

* sal

T

AP

AT

P

x

P
G

8c

a

Aflow

[kcaV(m2hr°C)]
[kcal/(mhr°C)]

b
DNB

f
= DNB

= m

Tw - Tst

[kgs/m2|
[kcaV(kg°C)]

[kg/cm2!

[kcal/(m2h)] or [kcal/(m2s)J
[kg/cm2]

[kg/m3]

[kg/m2s]

[m/s2]

I kg/m]
[m2]

Im2 |

v

w

mm,

- 3 0 -
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3.6 m

x T3.5

tt*&8 fc^A M t f EE^ 1.55

3.6.KC *-y h f" + > t

99.4°C, ffif4S

T3.2 ^

Table 3.6.1 Steady-state thermal-hydraulic analysis results

(Forced convection cooling mode, 20 MW)

Coolant outlet temperature : Tt,,oa> (°C)
Fuel plate surface maximum temperature : Tw (°C)
Fuel meat maximum temperature : Tm (°C)
ONB temperature at hot spot: T0NB (°C)
Temperature margin against TONBa\ hot sopt

ONB temperature at channel exit: 7"ONB (°C)
Temperature margin against T0WBat channel exit

Average channel
analysis results1'

43.7

57.7

60.9
106.9

49.2

100.6

44.3

Hot channel analysis
results

61.0

99.4
106.7
113.5

14.1

107.2

12.7

Minimum DNBR (-) 6J52 2A9

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

3.7 ft

T3.6

)~3240 (135 %) m3/h (^'L^^iPM¥^I^ii353.0~789.6 cm/s)

- 3 1 -
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3.7.1

. T3.6

3.7.2

1540 m3/h) &

1440m3/h(60%))

Ah DNBR '<% i|J 398cm/s (

Table 3.7.1 Analysis results -Coolant flow rate parameter-

Primary
coolant flow

rate

<m3/h)

1440

1560
1680

2040

2400

2760

3120

3240

Coolant
velocity

(cm/s)

353.0

382.1

411.2

498.6

586.0

673.4

760.8

789.6

Hot channel
outlet coolant
temperature

Tt,out (°C)

78.2

74.9

72.1

65.5

61.0

57.6

55.0

53.3

Fuel plate
surface

maximum
temperature

T» (°C)

123.0

119.9
116.8

107.6

99.4

93.0

87.8

86.2

Fuel meat
maximum

temperature

Tm (°C)

130.2
127.1

124.0

114.8

106.7

100.3

95.1

93.6

ONB
temperature

ToNB (°C)

120.7

120.2

119.6

117.0

107.2

99.5

87.2

82.7

Temperature
margin

against Tons

ATONB (°C)

-2.2

0.4

2.9

9.5

12.7

11.4

5.3

6.6

Minimum
DNBR

(-)

1.49

1.62
1.74

2.12

2.49

2.86

3.23

3.23

3.7.3
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Table 3.7.2 Analysis results -Core inlet coolant temperature parameter-

Core inlet
coolant

temperature

(°C)

25
30
35
40
45

Coolant
velocity

(cm/s)

585.4
585.7
586.0
586.3
586.5

Hot channel
outlet coolant
temperature

Tt.Ou! (°C)

50.9
55.9
61.0
66.0
71.0

Fuel plate
surface

maximum
temperature

Tw (°C)

93.7
96.6
99.4
102.7
105.8

Fuel meat
maximum

temperature

Tm (°C)

101.0
103.9
106.7
109.9
113.0

ONB
temperature

TONB (°C)

112.2
106.9
107.2
107.4
107.5

Temperature
margin

against TONB

ATOHB{°C)

19.7
16.2
12.7
9.2
5.8

Minimum
DNBR

(-)

2.82
2.66
2.49
2.32
2.16

3.7.4

DUBRZm~f-ifiU\Jj%fiimztio~tf-fo

l5^/i£) J

-JJ\

Table 3.7.3 Analysis results -Thermal power parameter-

Reactor
thermal power

(MW)

18.0
20.0
22.0
24.0

26.0

27.0

28.0

Coolant
velocity

(cm/s)

585.6
586.0
586.3
586.6

587.0

587.1

587.3

Hot channel
outlet coolant
temperature

TbMt <°C)

58.4
61.0
63.5
66.1
68.7
70.0
71.3

Fuel plate
surface

maximum
temperature

r.ro
93.6
99.4
104.8
109.6

113.8

115.7

117.6

Fuel meat
maximum

temperature

Tm (°C)

100.2
106.7
112.8
118.3
123.2
125.5
127.7

ONB
temperature

TONB (°C)

106.4
107.2
107.9
108.4
108.8
109.0
109.2

Temperature
margin

against TONB

ATONB (°C)

17.2
12.7
8.5
4.6

1.1
-0.57
-2.23

Minimum
DNBR

(-)

2.76
2.49
2.26
2.07
1.91
1.84
1.78

- 3 3 -
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•=0.00 10.00 20.00 30.00 40.0 50.00 10.00 70.00

•s

ON B temperature

Fuel meat maximum temperature

Coolant situratioD temperal

it tempei Coolant pressure

1.00 10.00 20.00 30.00 40.00 SO.00 60.00 70.00
FUEL PLflTE LENGTH ( C H I

CASE NO- Ifl-L J f l : l N i l NP = l K=l

STflNOBRO SILICIOE F
COOLBNT TEMPRBTURE
CLBO SURFBCE TEHPRBTURE
KEHT nnxinun TEHFRBTURE
SBTURBIION TEIWRHTURE
ONB TEHPRHTURE
PRESSURE fll X
HEBT FLUX

Fig.3.6.1 vSteady-state thermal hydraulic analysis results of temperature, pressure and heal tlux
distributions for hot channel at 20 MW under forced convection cooling

cp.OO 10.00 20.00 30.00 40.00 50.00 eo.OO 70.00

ONB Icmpcralurc

— • —

Coolant saturation lumpcraturc

CtKiluut tcmpcrjltirc

. _ - - - - " Heal flu*

1.00 10.00 20.00 30.00 40.00 SO,00 (0.00 70.00
FUEL PLRTE LENGTH ICM)

•3

O o

CFISE NO- in= l j n = i N = I H P = I «=t

STflNORRO SILICIOE F
COOLUNT TEMPRPTURE
CLBO SURFBCE TEHPRBTURE
MEflT tiflXIftUft TEMPRflTURE
SRTURBTIOM TEflPRflTURE
ONB TEMPRBTURE
PRESSURE RT X
HEH1 FLUX

Fig.3.6.2 Steady-state thermal hydraulic analysis results of temperature, pressure and heal flux
distributions lor average channel at 20 MW under forced convection cooling
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160.0

140.0

120.0

100.0

£
s
a
2
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-20.0

a.o

7.0

6.0

5.0

4.0

3.0

^̂

£C
CO

u

—O—

•-A-

—X —

Coolant temp.

Plate surface temp.

Fuel meat max temp.

dT.ONB

DNBR

2.0

1.0

0.0

-1.0
300 400 500 600 700 800

Average coolant wlocity (cm/s)

160.0

140.0

120.0

100.0p
a
| 80.0
IQ

<D
Q.

I 60.0

40.0

20.0

0.0

Fig.3.7.1 Steady-state thermal hydraulic analysis results
-Coolant flow rate parameter-

* • — • " "

A — "

D

-x

- - * - • •

- - A -

. •
• - - . . . .

X- -

. . - - - * -

- A -

- O -

X

*

a

X

20.0 25.0 30.0 35.0 40.0 45.0

Core inlet temperature (°C)

8.0

7.0

6.0

5.0

3.0

2.0

1.0

0.0
50.0

-o— Coolant temp.

-&— Plate surface temp.

-*— Fuel meat max temp.

- x - dT,ONB

-•—DNBR

Fig.3.7.2 Steady-state thermal hydraulic analysis results
-Core inlet coolant temperature parameter-
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-20.0

15.0 20.0 2S.0

Power (MW)

8.0

7.0

6.0

5.0

4.0

3.0

2.0

1.0

0.0

IE

m
zo

D Coolant temp.

<a Plate surface temp.

-•*-- Fuel meat max temp.

x -dl'.ONB

• DNBR

-1.0
30.0

Fig.3.7.3 Steady-state thermal hydraulic analysis results
-Thermal power parameter-
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3.8

3.8.1 UU * - y

28.3 °C\ DNBR 7.36-C*>5o : n b O t > ? hf"+>*;U©$#f*£^l ;U T3.2 &M'

63.9 °CT*So i*l»pate(ONB)SSll8.7 °C, ONBUSH^Mt?>^B54.8 °C, DNBR 16.09

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

Coolant outlet temperature : Tt,,Ou> (°C)
Fuel plate surface maximum temperature : Tw (°C)
Fuel meat maximum temperature : Tm (°C)
ONB temperature : T0NB (°C)

Temperature margin against T0NB : ATQNB CQ
Minimum DNBR (-)

Average channel
analysis results11

51.7
63.8
63.9
118.7

54.8

16.09

Hot channel analysis
results

64.2
91.1
91.2
119.4

28.3

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.

3.9 i

T3.8

Hi ̂ 30.2 MW, iF'^AIlr^iPMSJ^40 °C©^^"C*5o JSWClis 0.1-0.5 MW«

, 0.2

5 Mwiii

r-t/'fH7j0.5 MWB -̂iCfct ^T &3.80T'* D s ^

Sc5if) J l
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0.22

fe £+

Table 3.9.1 Analysis results -Thermal power parameter-

Reactor
thermal power

(MW)

0.01
0.05
0.10
0.20
0.22
0.30
0.40
0.45
0.46
0.50

Core flow
rate

(kg/s)
0.910
1.979
2.728
3.820
3.995
4.627
5.246
5.542
5.600
5.819

Coolant
velocity

(cm/s)

1.14
2.47
3.41
4.79
5.01
5.81
6.60
6.97
7.04
7.32

Hot channel
outlet coolant
temperature

Tb,out (°C)

45.1
51.7
56.9
64.2
65.4
69.9
75.2
77.5
77.9
79.6

Fuel plate
surface

maximum
temperature

r. rcj
47.0
60.5
72.6
91.1
94.3
106.4
118.6
120.2
120.4
121.2

Fuel meat
maximum

temperature

Tm (°C)

47.0
60.5
72.7
91.2
94.4
106.5
118.8
120.4
120.6
121.4

ONB
temperature

TONB (°C)

117.5
118.4
118.8
119.4
119.5
119.8
120.1
120.2
120.2
120.2

Temperature
margin

against TONB

ATONB (°C)

70.6
57.9
46.2
28.3
25.1
13.4
1.5
0.0
-0.2
-1.0

Minimum
DNBR

(-)
70.67
19.72
11.99
7.36
6.87
5.51
4.46
4.10
4.04
3.80
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ONB temperature

Gxilanl saturation temperature

Coolant temperature

Heal flux

T

FUEL PLflTE LENGTH I CM I

CUSE NO. in=t Jfl=i N=I NP=I

STRNDflRO S I L I C I O E F
C00LBN1 TErtPRfllURE
CLUD SURFBCE TEHPRBTURE
HEBT HRxinun TEHPRHTURE
SRTURRTION TEMPRflTURE

ONB TEMPRfiTURE

PRESSURE HT X

HEBT fLUX

s s

Fig.3.8.1 Steady-state thermal hydraulic analysis results of temperature, pressure and heat flux
distributions for hot channel at 0.2 MW under natural convection cooling

s

10.00 20.00 30.00 40.00 SO.00 BO.00 7D.00

O N B tcmpcraiurc

CixiUnt saturation temperature

C(M>lanl pressure

Fuel meat maximum temperature
Fuel surface temperature

Coolant temperature

°000 10.00 20.00 30.00 40.00 SO.00 60.00 70.00
FUEL PLHTE LENGTH [ C H I

s s

CRSE NO. IB=1 Jfi=l N=l NP=1

STDNDRRO SILICIDE F

COOLUNI TEMPRBTURE

CLBD SURFBCE TEMPRflTURE

HEH! MBXlMUn TEHPRB1URE

SRTURBTION IEHPRBTURE

ONB TEHPRBTURE

PRESSURE BT X

HEBT FLUX

g

s

Fig.3.8.2 Steady-state thermal hydraulic analysis results of temperature, pressure and heat flux
distributions for average channel at 0.2 MW under natural convection cooling
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Fig.3.9.1 Steady-state thermal hydraulic analysis result
(Temperature and DNBR)

-Thermal power parameter, Natural convection cooling mode -
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Fig.3.9.2 Steady-state thermal hydraulic analysis result
(Core flow rate, average coolant velocity)

-Thermal power parameter, Natural convection cooling mode -
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4.3
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(1)
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3.4.1
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Table 4.4.1 Flow channel blockage accident analysis results
(Base case)

Normal channel side

Coolant outlet temperature : 7"6,OUi (°C)
Fuel plate surface maximum temperature : Tw (°C)
Fuel meat maximum temperature : Tm (°C)
ONB temperature : TONB (°C)

Temperature margin against TONe : AT0HB (°C)
Minimum DNBR (-)

73.9
124.4
147.6
112.5
-10.0
1.24

=0.00 IQ.OD 20.00 30.00 40.00 SO.00 60.00 70.00

°0

Fuel meal maximum lemperalure

ONB temperature / Fuel surface lemperalure \

Coolant temperature Coolant pressure

CM „
in

o

9 x

°. a.
O UJ
U>

00 10.00 20.00 30.00 40.00 50.00 60.00 70.00
F U E L P L R T E L E N G T H ( C M )

CHSE NO. [ f l r l JH=1 N=l NP=Z K=l

S U I C I D E PLRTE NO.2
COOlftN! TEMPRflTURE
CLflO SURFflCE TEMPRRTURE
MEflT MRX. TEHPRRTURE
SflTURRTION TEMPRflTURE
ONB TEMPRfiTURE
PRESSURE RT X
HERT FLUX

Fig.4.4.1 Flow channel blockage accident analysis results of temperature, pressure and heat llux
distributions for normal channel side at 20 MW (Base case)
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1 fo

^ K

.-1, = 77.2 x 77.2 = 5959.X mm2 = 59.60 cm2

Lx = 0.0 cm

K} = 0.0

mm® mnm±.nm^u
A2 = 76.2 x 66.6 = 5074.92 mm2 = 50.75 cm2

L2 = 0.0 cm

X, = (X5 x I l - 'd? = 0.0742

I 4 J

M3 = A2 = 50.75 cm2

De3 = 7.108 cm

/.3 = 2621.5 - 2585 = 365 mm = 3.65 cm

A4 = (76.2 + 2 x 05) x 66.6 -1.27 x 66.6 x 21 = 3365.30 mm2 = 33.65 cm2

L4 = 0.0 cm

Kd = 0.5 x | 1 - A-4-1 = 0.168
Ai

A5 = A+ = 33.65 cm2

De5 = 2 x (2.35 x 66.6) / (2.35 + 66.6) = 4540 mm = 0.4540 cm

L5 = 2585 - 1815 = 770 mm = 77.0 cm

mm®
Ab = A5 = 33.65 cm2

A7 = A3 = 50.75 cm2

An = 50.75 cm2

Dc7 = De3 = 7.108 cm

L, = 1815-1793= 22 mm = 2.2 cm
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As = 54.4 x 60.2 = 3274.88 mm2 = 32.75 cm2

De% = 5.716 cm

Lg = 1793 - 17625 = 305 mm = 3.05 cm

mm J X^K • %m&
A9 = A9 = 32.75 cm2

De9 = De% = 5.716 cm

L9 = 17625 - 1559 = 2035 mm = 20.35 cm

Aw = 55 x 60E = 3344 mm2 = 33.44 cm2

Dew = 5.776 cm

L10 = 1599 - 1475 = 84 mm = 8.4 cm

v4H = Aw = 33.44 cm2

An = 77.2 x 77.2 = 5959.84 mm2 = 59.60 cm2

= 0.193

(2) 7 t

7 + n r7mmm^M(D^j]fiMWj5-%i£ Fig. B-2 (c^<f o

Ao = 77.2 x 77.2 = 5959.84 mm2 = 59.60 cm2

Ax = 53.6 x 53.6 = 2872.96 mm2 = 28.73 cm2

til-an

WW

A2 =

De2

L7 =

0.0 cm

S \ ~AJ

Ax = 28.73 cm2

= 5.36 cm

34045-2585 =

0.259

8195 mm = 81.95 cm

Ay = 66.2 x 66.2 - 5 4 x 1.27 x 17 - 63.6 x 4.8 x 2 = 2606.02 mm2 = 26.06 cm2

L3 = 0.0 cm

K, =()5x 1- A-3-]=0.()465

I AJ
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A4 = A3 = 26.06 cm2

De4 = 0.4472 cm

L4 = 2585 - 1815 = 770 mm = 77.0 cm

mm© m
A5 = A4 = 26.06 cm 2

A6 = 66.22 - 63.62 +54.82 = 33.41 cm2
' 6

Ks = 1 - A-5-1 = 0.0484
V A 6 ,

®
A6 = 33.41 cm2

Deb = 5.48 cm

L6 = 1815 - 17345 = 805 mm = 8.05 cm

zl7 =A6 = 33.41cm2

De7 = De6 = 5.48 cm

L7 = 17345 - 16345 = 100 mm = 10 cm

A% = 66.2Z - 63.6Z + 24.4Z x 4 = 2718.92 mm2 = 27.19 cm2

, 2

Ks=\ 1---5-I =0.0931A

mm®
Ag = A% = 27.19 cm2

De9 = 2.44 cm

L9 = 16345 - 15545 = 80 mm = 8 cm

Aw = Au = 66.22 - 6•-•• " 6 x 6 x 4 - 62 = 3655.24 mm2 = 3655 cm2

K1Q= 1 " 4 9 - =0.0656
V AWJ

Au = Aw = 3655 cm2

Deu = 2^16 cm

Lu = 15545 - 1416 = 1385 mm = 13^5 cm

An = Au = 66.22 - - x 352 = 3420.33 mm2 = 34.20 cm2
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=0.0321

An = An = 34.20 cm2

Zte13 = 3.651 cm

L13 = 1416 - 390 = 1026 mm = 102.6 cm

ftp
A14 = .4,3 = 34.20 cm2

Al5 = | ^ x 5 2 + 90x io)x 18 = 17613.72 mm2 = 176.1 cm2

(3) fla

tt* M « ^ i J * - Fig. B-3 JC/Tfo

Ax = 77.2 x 77.2 = 5959.8 mm2 = 59.60 cm2

L, = 0.0 cm

Kx = 0.0

A2 = K- x ^602 - 552) = 451.60 mm2 = 4516 cm2

L2 = 0.0 cm

=05x l - ^ 2 - =0.462

A3 = A2 = 4516 cm2

De3 = 05 cm

L3 = 2659 - 1745 = 914 mm = 91.4 cm

A5 = •- x 602 - (62 + 6 x 27 x 4) = 2143.43 mm2 = 21.43 cm2

4 v '

AA = A3 =4516 cm2

/C, = l - ^ 4 =0.623

.4, = Ad = 21.43 cm2
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Des = 2.253 cm

L5 = 1745 - 1716 - 29 mm = 2.9 cm

m®
A6 = 45 x 45 = 2025 mm2 = 20.25 cm2

L6 = 0.0 cm

( 4 )
x I--'-6- =0.0275

An = A6 = 20.25 cm2

De7 = 45 cm

A7 = 1716 - 1559 = 157 mm = 15.7 cm

A% = 55 x 60.8 = 3344 mm2 = 33.44 cm2

K, = \ 1 - - 7 I = 0.156

mm®
As = 33.44 cm2

De% = 5.776 cm

L% = 1599 - 1475 = 84 mm = 8.4 cm

i W 9 ) $r YM B ili Pte^Cnli
A9 = A% = 33.44 cm2

Aw = 77.2 x 77.2 = 5959.84 mm2 = 59.60 cm2

2

= 1 1 - A-9\ =0.193

(4) < I J )J r^A/xl-t^ (B. C*!)
(B. C ^ ) © f * ^ [ f C M ^ ^ t l ] ^ Fig. B-4 IZ^to

.4, = -- x 452 = 1590.43 mm2 = 15.90 cm2

Lx = 0.0 cm

K, = 0.0

A2 = .4, = 15.90 cm2

De2 = 45 cm

L-, = 4.5 cm
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A3 = - x (452 - 402) = 333.79 mm2 = 3.338 cm2

L3 = 0.0 cm

=0.395

AA = A3 = 3.338 cm2

DeA - 05 cm

L4 = 2605 - 1735 = 870 mm = 87.0 cm

A5 = A4 = 3.338 cm2

A6 = - x 122 x 4 = 452.39 mm2 = 4.524 cm2

Ks = \ i--'-A =0.0687

,45 = 4524 cm2

£te6 = 1.2 cm

U = 1735 - 1700 = 35 mm = 35 cm

47 = .46 = 4524 cm2

= - x 362 = 1017.88 mm2 = 10.18 cm2

A1

8 4

A
=0.309

A8 = 10.18 cm2

De8 = 3.6 cm

Lg = 1700-1675 = 25 mm = 25 cm

Ao = 15 x 34 = 510 mm2 = 5.1 cm2

( 4\
Kg =O5x 1 - - - =0.250

warn *
-410 = ,49 = 5.1 c m '

De1 0 = 2.082 cm

L6 = 1675- 1645 = 30 mm = 3.0 cm
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An = — x 362 = 1017.88 mm2 = 10.18 cm2

An = 10.18 cm2

Deu = 3.6 cm

Ln = 1645- 1623 = 22 mm = 2.2 cm

= -- x 242 = 452.39 mm2 = 4524 cm2

-Al2-\ = 0.278

Dev = 2.4 cm

A12 = 1623 - 1555 = 68 mm = 6.8 cm

Au = An = 4.524 cm2

Au = 60 x 80 = 4800 mm2 = 48.0 cm2

Del3 = 3.651 cm

f
K.3= f l - — =0iJ20

Au = 48.0 cm2

Deu = 6.857 cm

15 =(ffx5 2 + 90 x io) x 18 = 17613.72 mm2 = 176.1 cm2

Lu = 1555 -1475 = 80 mm = 8.0 cm

Ku = 0.0

(5) nT/<^f /N°X

^ ° $ t t M ^ # £ £ i g . B-5 fĈ fo

K liJi( K

/I, = 600^ x 30 = 56548.65 mm2 = 5655 cm2

L, = 0.0 cm

K, = 05

A2 = .-1, = 5655 cm2
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De2 = 6.0 cm

L2 = 7.3 cm

3 = --x (6002 - 5942) = 562659 mm2 = 56.27 cm2

L3 = 0.0 cm

= 0.450

\m® £&##*. ̂ H^K
>44 = A3 = 56.27 cm 2

De4 = 0.6 cm

LA = 3155 - 2650 = 505 mm = 505 cm

^ ^ 6 1 4 $ = 1 5 x 2 8 + 1 0 x 8 = 500 mm

- - — = 0.7347
600^-

A5 = ̂  x ^6002 - 5942) x 0.7347 = 4133.86 mm2 = 41.34 cm2

De5 = De4 = 0.6 cm

- - s - ] = 0.133

.46 = ̂ 4 =56.27 cm2

Ks=\l-^\ =0.0704

A6 = 56.27 cm 2

De6 = DeA = 0.6 cm

L6 = 2581 - 1725 = 856 mm = 85.6 cm

/< ij ij .

A7=A5 = 41.34 cm2

05x1 1 - ^ 1 = 0 . 1 3 3

De7 = Z)es = 0.6 cm

L7 = 1725 - 1700 = 25 mm = 25 cm
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As = 19 x 60 x 4 x 10 "2 + >45 = 101.87 cm2

=0.353

A% = 101i?7 cm2

De8 = 2.019 cm

L% = 1700-1675 = 25 mm = 25 cm

^ 9 = /l10 = A6 +
 K x 162 x 8 x 1() 2 = 72.35 cm2

=O5x l - ' 4 l ) =0.145

Aw = >49 = 72.35 cm2

Del0 = 0.697 cm

L5 = 1675- 1555 = 120 mm = 12.0 cm

Au = Aw = 72.35 cm"

Au = (60 x 25 + 52 x 60.8 + 90 x 60.8 + 31 x 265) x 8 = 87640.8 mm2 = 876.4 cm2

A" ' =0.842

An = 876.4 cm2

Den = 6.0 cm

Ln = 1555 - 1475 = 80 mm = 8.0 cm

Kn = 0.0

(6) ^ U 'J

< >J 'J ̂  AM^^-flJfe^ro^^lfij^^^tlJ* Fig. B-6 K-^to

K

,-1, = 77.2 x 77.2 = 5959.84 mm2 = 59.60 cm2

L, = 0.0 cm

Kx = 0.0

56
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mm®

A2} = 2.45 x 57.2 = 140.14 mm2

A22 = 1.6x57.2 = 9152 mm2

A. = ^ 2 L ^ ± ^ . = 107 .73 mm2 = 1.077 cm2

2 18

K2 = 05x \\-A± =0.491

De2 = 0.365 cm

L2 = 2650 - 2581 = 69 mm = 6.9 cm

A31 = 2.45 x 745= 18253 mm2

A32 = 1.6 x 76.2 = 121.92 mm2

A = H i l 1 2 ^ = I 4 2 .12 mm2 = 1.421 cm2
3 18

'
=0.0586

A3 = 1.421 cm2

De3 = 0.367 cm

L3 = 2581 - 1725 = 856 mm = 85.6 cm

AA = A3 = 1.421 cm

De4 = De3 = 0.367 cm

L4 = 1725 - 1675 = 50 mm = 5.0 cm

A5 = A6 = 1.4 x 20 x 2 = 56 mm2 = 0.56 cm2

s \ - ^ - \ = 0.303

m® ^ i A i
^46 = 056 cm2

De6 = 0.262 cm

L6 = 1675 - 1555 = 120 mm = 12.0 cm

A1 =A6 = 056 cm2

Aa = 55 x 60.8 = 3344 mm2 = 33.44 cm2
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N 2

= | l - — =0.967
)

v48 = 33.44 cm2

Ofg = 5.776 cm

L8 = 1555 - 1475 = 80 mm = 8.0 cm

Ka = 0.0

(7) 'TO
Htt#6^*#i§!J£ Fig. B-7

A} = 77.2 x 77.2 = 5959.84 mm2 = 59.60 cm2

iLj = 0.0 cm

A:, = o.o

.42i = 1^5x51 = 94.35 mm2

A22 = 1x51 = 51 mm"

A = S f V l ^ d a = 6256 mm2 = 0.626 cm2

30

/C2 =05x1 1--^- =0.495

De2 = 0.24 cm

L2 = 26215 - 25715 = 50 mm = 5.0 cm

A31 = 1.85 x 76.2 = 140.97 mm2

31

A32 = 1 x 76.2 = 76.2 mm"

A3 = M
2

C7= 1-— 2 - =0.109

" AJ

A3 = 0.935 cm2

De3 = 0.24 cm
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L3 = 25715 - 16995 = 872 mm = 87.2 cm

mm® #HH&AJIE

A4=A3 = 0.935 cm2

De4 = De3 = 0.24 cm

L4 = 16995 -1675 = 245 mm = 2.45 cm

mm® ^ I A A P
A5 = A6 = 1.4 x 20 x 2 = 56 mm2 = 0.56 cm2

A
Ks = 05 x 1 - ^ 1 = 0.200

I AJ
mm®

A6 = 056 cm2

De6 = 0.262 cm

L6 -1675 -1559 = 116 mm = 11.6 cm

mm®
An =A6 = 056 cm2

A% = 55 x 60ii x 2 = 6688 mm2 = 66.88 cm2

K1=\l-A-7-\ =0.983
V Aj

m® M^teBiiM
A8 = 66.88 cm2

De8 = 5.776 cm

Ls = 1559 - 1475 = 84 mm = 8.4 cm

K% = 0.0

(8) «84t-
' ^ (M#t^^4P^^) IKg* Fig. B-8~ Fig. B-10

a) M^f->

/Ij = - x 1702 = 22698.0 mm2 = 227.0 cm2

/,, = 0.0 cm

^ = 0 5

mm®
A, = A, = 227.0 cm2
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De2 = 17.0 cm

L2 = 2150 - 55 = 2095 mm = 209.5 cm

mm®
K3 = 05

A3 = AA = - x 552 = 2375.83 mm2 = 23.76 cm2

mm®
A4 = A3 = 23.76 cm2

De4 = 55 cm

L4 = — = 100 mm =10.0 cm

A6 = - x (2002 - 1802) = 5969.03 mm2 = 59.69 cm2

As = AA = 23.76 cm2

=0.362

A6 = 59.69 cm2

De6 = 200 - 180 = 20 mm = 2.0 cm

L6 = 2 1 5 0 - 5 5 - 170 = 1925 mm = 1925 cm

mm® ^iPWAu

A, = n-x 502 = 1963.49 mm2 = 19.63 cm2

4

Kn = 0.5 x I 1 - -? I = 0.336

A8 = A7 = 19.63 cm2

mm®

De%

L8 =

^ 8 =

A9 =

K9 =

= 5.0<

3509

= 1.129

= 1.0

mm =

x2 +

19.63

= 350.9

176.0 =

cm2

cm

= 178.258

b) MM

Al = K- x 1402 = 15393.80 mm2 = 153.9 cm2
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Lj = 0.0 cm

Kx = 05

mm® T^^Ksa£B&
A2 = Al = 153.9 cm2

De2 = 14.0 cm

L2 = 2110 - 55 = 2055 mm = 205.5 cm

mm®
K3=05

= -x 552 = 2375.83 mm2 = 23.76 cm2

®
A4 = A3 = 23.76 cm2

De4 = 55 cm

Lt = — = 80 mm = 8.0 cm

= - x (l602 - 1502) - 2434.73 mm2 = 24.35 cm2

4 \ /

As = A4 = 23.76 cm2

A : S = I -

I A
I A

®
A6 = 24.35 cm2

De6 = 160 -150 = 10 mm = 1.0 cm

L6 = 2110 - 55 - 100 = 1955 mm = 1955 cm

K, =O5x l - 4 l | = 0.0969
A)

mm®

A7 = - x 502 = 1963.49 mm2 = 19.63 cm2

4

Ab

Ai = A1 = 19.63 cm2

De8 = 5.0 cm

Lg = 3662 mm = 366.2 cm

K% = 1.129 x 2 +176.0 = 178.258

A9 =A7= 19.63 cm2

KQ = 1.0
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c) M'>

A, = -- x 1OO2 = 7853.98 mm2 = 7854 cm2

1 4
L, = 0.0 cm

/12 = ,4, = 7854 cm2

De2 = 10.0 cm

L2 = 2110 - 55 = 2055 mm = 205.5 cm

K3 = 05

A3 = A4 = - x 552 = 2375.83 mm2 = 23.76 cm2

^44 = A3 = 23.76 cm"

= 55 cm

120

2
L4 = — = 60 mm = 6.0 cm

,46 = - x (l202 - HO2) = 1806.42 mm2 = 18.06 cm2

As = A4 = 23.76 cm2

C, = 05 x | 1 - - -?-1 = 0.120

/16 = 18.06 cm"

De6 = 120 - 110 = 10 mm = 1.0 cm

L6 = 2 1 1 0 - 5 5 - 1 0 0 =1955 mm = 195.5 cm

/17 = 18.06 cm2

Ao = - x 502 = 1963.49 mm2 = 19.63 cm2

4

K 7 = | l - - 7 - | =0.0064
I A*

mmw
A% = A-j = 19.63 cm2

DeH = 5.0 cm

Ls = 3539 mm = 353.9 cm
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K% = L129 x 2 +176.0 = 178.258

in® }%
A9 = A7 = 19.63 cm2

K9 = 1.0
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©

3215
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1559
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Fig. B-3

<t> 5 5
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A = 33.44a5
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A = 1 5.9 0

A = 3.340$
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01 2X4
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036
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Fig. B-4 <[) ( B .
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£ô
i n

T

T
_<*

0 
0.

5 
3 

cm

ii

II—

o

X

o
i n

+
o

f H

II

_

8
o
c4
II
_

II
X

Q

"8
o

to
oi
in
||
ii

M
I

o

X

/_v

o
00

J
o

IT

8
00

o>

||
II

"™

o

X

o
a

+
o
o
<s

II

8
o

II

\

II
CM

X
Q

L
^1

50
^

C

5/
Q

x
Q '

A

0 0

- 7 1 -



JAERI-Tech 97-015

1 I

L A
L A
O
CM

II
LA
l A

1
O

l A
L A

7\
©
©

1
LA
L A

1
©

LO

'o

X

X
M

o

s
Q

I
O

X
I '

o

J
o

o

X

4.
34

II
1

o

X
1 •*

r.3
 8

 9

Ol
l|
M
i

o
X

o

o
to

o
to 8

o

s
Q

CM

Q

v
a;
Q

A

as

- 7 2 -



JAERl-Tech 97-015

~g
oo
in

in

in

8.
0 

6 g
in

LO

o
CM

IT)

I
O

ITS

to

II
o
o

T

TT in
"? od
oo t—

IT II
i
o

o
o

X

O

o
o

s <

o
1—(

X

to

J
o
o

to
0)

o
o

o
o 8

o

X

O [

Q

•fr

7
O
X

CM

O
o

\

CM

II

— Cl

-H

a:
5/5

h
A

o
c6

- 7 3 -



JAERI-Tech 97-015

Table c-i
Table C-l

9

i-t-^ vp

. M^-C*.s

Table C-l

No

1

2

3

4

5

6

7

8

9

wan
BeS*tfr (B,Cl)

asjpfflflfi-fflifiHi

^ it

(m2)

0.08104

0.01475

0.00226

0.00267

0.00563

0.00256

0.00281

0.01021

0.00063

:(k jfi(m/s)

^ |ui

6.20

5.64

5.81

5.65

4.58

2.62

2.86

0.99

11.0

6.20

5.64

5.83

5.73

4.59

2.64

2.87

1.00

11.0

ffi. fc(m3/h)

^ 0

1807.4

299.6

47.2

54.3

92.8

24.1

28.8

21.0

24.9

2400.0

WlJIM

1806.1

299.4

47.4

55.1

93.0

24.3

29.0

20.9

24.8

2400.0

«ftMtiJ'£(%)

75.3

12.5

2.0

2.3

3.9

1.0

1.2

0.9

1.0

100.0

75.3

12.5

2.0

2.3

3.9

1.0

1.2

0.9

1.0

100.0

Nn. i~7
NO.8
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Hz
N

Pa

J

W

C

V

F

n
s

Wb

T

H

°C
1m

lx

Bq

Gy

Sv

<&<D SI » &

s '
m-kg/s2

N/m2

N-m

J / s

A-s

W/A
C/V
V/A
A/V
V-s
Wb/m2

Wb/A

cd-sr
lm/m2

s"'

J/kg
J/kg

tt. Mj, B

S , tt. B>

h y

SI«Wtt

12 ^

min, h. d

I. L
t

eV

u

1 eV= 1.60218 x 10-" J

1 u= 1.66054x10-" kg

«4

? j "y? ' x i- • — A
y< - y

/< - IV

ft' û-

+ =L 'J -

u y I- f y

7 K

ie ^
A
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ba r
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Ci
R

r ad

rerrv

A=0.1 nm=10-"'m

b=100fm2=10-2'm2

1 bar=0.1 MPa=10sPa

1 Ci=3.7xl0'°Bq

1 R=2.58xlO'C/kg

1 rad = lcGy=10~2Gy

1 rem=lcSv=10 2Sv

tsa
1 0 "

10TS

10'2

10'

10'

103

102

10'

10-'

10 !

10"3

10"'

10"'

10"1!

io -"
io - "
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X

X
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+

X

X

•fe

J
-7

X
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7

T

Him
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7

ft
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<[ i) a

/

j . A h

12 ^

E
P
T
G
M
k

h
da
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m

u
n

P
f
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1 - 5 (i

3. barli.

S 5 IS,

l e V

, / .y h, r-i

4. ECWIffilflf fifg^Tlibar, barnfej;

tt

m

x

/U

1

tt

tt

a
w

N( = 105dyn)

1

9.80665

4.44822

kgf

0.101972

1

0.453592

lbf

0.224809

2.20462

1

IS lPa-s(N-s/m2)=10P(tf7x')(g/(cm-s))

All lm 2 / s=10 'S t (x h - ? x ) ( c m V s )

J( = 10'erg)

1

9.80665

3.6x10'

4.18605

1055.06

1.35582

1.60218x10'"

kgf'm

0.101972

1

3.67098 x 10 s

0.426858

107.586

0.138255

1.63377 x 10'20

Bq

1

3.7 x 10'°

Ci

2.70270x10"

1

kW-h

2.77778x10''

2.72407 x 10''

1

1.16279x10"'

2.93072 x 10''

3.76616 x 10"

4.45050 x 10-26

«

m

Hi

n

MPa( = 10bar)

1

0.0980665

0.101325

1.33322 x 10-'

6.89476 x 10"3

caKftftSO
0.238889

2.34270

8.59999x10

1

252.042

0.323890

3.82743 x 10

Gy

1

0.01

rad

100

1

kgf /cm2

10.1972

1

1.03323

1.35951 xlO"3

7.03070 x 10'2

Btu

9.47813 x 10"

9.29487 x 10-

3412.13

3.96759 x 10'

1

1.26506x10"

1.51857x 10'

@
tt

A

3

3

3

a t m

9.86923

0.967841

1

1.31579 x 10'3

6.80460 x 10'2

ft • lbf

0.737562

7.23301

2.65522 x 10'

3.08747

778.172

1

1.18171 x 10-

C/kg

2

1

.58 x 1 0 '

eV

6.24150 x 10

6.12082 x 10

2.24694 x 10

2.61272x 10

6.58515 x 10

8.46233x10

1

R

3876

1

mmHg(Tor r )

7.50062 x 103

735.559

760

1

51.7149

Ibf/in2(psi)

145.038

14.2233

14.6959

1.93368 x 1 0 2

1

1 cal = 4.18605 JCa'tltri;)

'" = 4.184 J iPsitf)

' = 4.1855 J (15 °C)

" =4.1868J(HI53K91

" ft:l(;£ 1 PS UA.BiA))

= 75kgf-m/s

= 735.499 W

•
i

Sv

1

0.01

rem

100

1

(86? 12 fl 26BSffi)
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