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A primary-pipe rupture accident is one of the most critical design-
base accidents of a high-temperature gas-cooled reactor (HTGR). When
a primary coolant pipe of the HTGR ruptures, helium gas in the reactor
blows out into the container and the primary cooling system reduces
the pressure. After the pressures are balanced between the reactor
and the container, air is expected to enter the reactor core from the
breach. It seems to be probable that the graphite structures are
oxidized by air and the complicated natural convection of multi-
component gas mixtures with chemical reactions takes place in the
reactor. Hence, it is necessary to investigate the air ingress process,
the complicated natural convection of multi-component gas mixtures and
the amount of the gases generated by the oxidatien reactions. In order
to investigate these phenomenon, therefore, we constructed an experimental
apparatus simulating the reactor and the primary cooling system. A
test model consists of a reactor core simulator, a top cover, a water
cooled vessel, a coaxial pipe and so on. The reactor core simulator
has four graphite pipes and a ceramic high-temperature plenum. The

graphite pipes are heated by electric heaters up to 1200°C.
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The major results obtained in the present study are summarized

in the followings:

(1) During the early stage of the simulated pipe rupture in the present
apparatus, air entered the test model by molecular diffusion and very

weak natural convection of the gas mixture. After the density of the

gas mixture in the test model gradually increased, the matural circulation
of air was induced in the whole test model abruptly. The gases,

carbon monoxide and carbon dioxide, generated by the oxidation reactions
were transported by the molecular diffusion and by the very weak

natural convection of the gas mixture during the early stage of this

experiment.

(2) 1In case of the high temperature condition (more than 900°C) in the
reactor core simulator, the amount of carbon monoxide produced increased
with increasing of the graphite temperature. The carbon monoxide
reacted with oxygen (carbon monoxide combustion) in the high temperature

regions remarkably and produced carbon dioxide.
(3) The duration of the early stage, which is the period from the

simulated pipe rupture to onset on the natural circulation of air, was

about several days in this experimental apparatus.

Keywords: HTGR, Natural Convection, Mclecular Diffusion, Graphite

Cxidation
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Table 1 Main specification of the test model

1. Working fluids : Helium, Air(Nitrogen, Oxygen and other gases), Carbon monoxide and dioxide

2. Pressure ; -1~1.8 kg/fcm2.G
3, Temperature : 0~1200°C
4. Material of the test model

Flow pipe(graphite part) : IG-110(Toyo carbon)
Flow pipe(ceramic part}, Flow guide pipe : Aimina(Kyocera)
High-temp. plenum and High-temp. outlet pipe : Almina(Kyocera)
Barrel of the reactor core simulator and Middle—-temp. outlet pipe : Stainless steel
Other parts : Carbon steel
5, Dimension of the test model

{1)Flow pipe ‘

Graphite pipe : 40mm In inner diameter, 70mm in outer diameter and 800mm in length

Ceramic pipe : 40mm in inner diameter, 70mm in outer diameter and 400mm in length

Flow guide pipe : 4 pipes, 73mm in inner diameter, 85mm in outer diameter

1250mm in length
(2)High-temp. plenum : 400mm in inner diameter, 460mm in outer diameter
150mm in height
{3)Barrel of the reactor core simulator : 800mm in diameter and 1519mm in height
{4)Top cover : 460mm in radius
(5)Water cooled vessel : 920mm in inner diameter
(8)High-temp. outlet pipe : 69.3mm in inner diameter, 80mm in outer diameter
318mm in length
(7)Middle-temp. outlet pipe : 63.3mm in diameter and 500mm in length
(8)Inlet pipe : 69.3mm in diameter, 600mm in horizontal length and 500mm in vertical fength
(9)Total height of the test section : 3750mm
6. Heater capacity _

(1)Central pipe : 100V, 2.3kW x 3 vertical parts
(2)Peripheral pipes ;: 100V, 2.3kW x 3 vertical parts x 3 pipes
(3)High-temp. plenum : 75V, 3kW
(#)Reactor simulator : 200V, 10kW x 3 vertical parts
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- Table 2  Position of gas sampling points

Samping No. | Height'(mm) Sampling position

1-1 690 Low-temp. outlet pipe
1-2 1140 Middle-temp. outlet pipe
2-1 1641 High-temp. plenum

2-2 1641 High-temp. plenum

3-1 2790 Annular passage (upper part)
3-2 2840 Annular passage (upper part}
3-3 3040 Top cover (lower part)

4-1 2440 Annular passage (middle part)
4-2 2080 Annular passage (middle part)
4-3 1740 Annular passage {lower part)
5-1 1334 Bottom cover

5-2 1302 Bottom cover

5-3 680 Simulated inlet pipe (vertical pipe)
6-12 9390 Coaxijal pipe {outer pipe)
6-272 2090 Annular passage (middle part)
6-37 3040 Top cover (lower part)
6-4" 3441 Top cover {central part)
-5 3643 Top cover (upper part)
6-672 1740 Annular passage (lower part)
8-7"2 8980 Simulated inlet pipe (horizontal pipe)

*1 : From lower end of the simulated pipe-rupture valve (outlet pipe side)

*2 . Spare sampling point
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Table 5 Calibration gases

Analizer | Density meter | Oxygen analyzer CO and CO2z anatyzer
Check point
Zero point Helium Helium Helium
Maximum point Air Air 10%C0+20.1%C0O2/Helium

9.86%C0+20.1%C02/Nitrogen

Tahle 6 Mutual diffusion coefficient of COz and CO

Diff. coef.| CO2-He (m2/s} | CO-He (m?s) | CO2-N2 (m2s) | CO-N2 (m2/s)
Temperature
300K (27°C) 6.01x 10-5 7.12x10-8 1.57 x 10-° 2.04x10-5
700K (427°C) 2.47 X 10+ 2.90x 104 6.82x10-% 8.63 <105
900K (627°C) 3.75x10+4 4.40x 104 1.04 X104 1.31x 104
Table 7 Dimension of each part
Paris Length(m) Diameter(m) [ Cross-sec. area(m3) Volume{m3}
Low & mid.-temp. pipe 0.832 0.0693 3.77x 10 3.14x 103
High-temp pipe 0.299 0.0693 3.77x10=2 1.13x 108
High-temp. plenum 0.150 0.400 0.126 1.88x 10-2
Flow pipe 1.120 0.040 1,268 x 10-3 (x 4} 1.41x 103 (x4)
Taop cover . 0.320 0.920 0.665 0.213
Annular passage 1.471 0.060" 0.162 0.238
Bottom cover 0.100 0.920 0.684 5.84 x10-2
Coaxial pipe {outer) 0.332 0.05197 2.08x10-2 6.94 x 102
Inlet pipe (horizontal) 0.600 0.0693 3.77x103 2.26 X 10
“inlet pipe (vertical) 0.500 0.0693 3.77x 102 1.89x 108
Termal insulation - - 0.459

*1 ; Equivalent diameter




JAERI-M 93-005

sniviedde [ejusuntlaodxa Jo wWeldeip MO[] DIIBWAYIS 1814

19m0| g *
| L

3A| DA 3inidny
ad1d paip|nung

|

121009

SETETILIE

Kyddng ay

DR D PR
s

4

SAMDA })O
BAIDA |0JIUO) BI1DY MO|4

|

‘
4s
%ﬂ offfo

1]
—J[

——_  13jaWwowauy

21U0S  DII|(

]

= === #310M bujj00)

i

oo

dwng Hmnaopp

votyoinbay ainssaid

jujod burjduing s09 @

31ns831g

J31|04JU0D @Inssald

an|pp aunydny adig palpinwis —
M

e wnua|d

| uojipynsul |owiayy

=

1504 }Joddng

T ainjpoiadwa] ybiy

| ———13]D3H UIDW

——-3did 211ydoig

=H B

1310|NW1G 2107 10§203Y

£~ [assap aunssald

—— 1al0p\ buljom)



JAERI-M 93-005

~— He Flow Direction during
Norma! Operation

<-—- Gas Flow Direction during Pipe

Rupture Accident
#5520

E Simulated Pipe

Rupture Valve

. Stand Pipe
o
w
-
K | Partition Plate
of N -
o d /—\‘\t g
-+ g IH =]
a® 5
L= B s
e g
3 bl L8 :‘*\Ceromlc Pipe
q i Ar b P
s (400 p—Reactor Core Simulator
q d dp R
S;T g pr §r~——Ma|n Heater
=] ‘b B
gt d -, B
¢ = 3 - HL B Graphite Pipe
~ - d w1 [l B .
" - 9 o O Thermal Insulation
§ s - Support Post
§© r High Temperature Plenum
g S L e Cooling Pipes
< ==
od = |
-— q -
oT
o f =
o . 3
Shutoff Volves
®
= L
w . from He Loop
N
— : +—
q1 T—l
' to He Locp

“—IL\
% Ultrc Sonic Anemometer
600 |

| Simulated Pipe
| Rupture Valves

® C0,C0, 0, Measuring Point

Fig. 2 Test model



JAERI-M 93-005

1971

85
70
— 40 — Bellows
g V
N i Ceramic Pipe
H; [ /Moin Heater
S o q
= D/ Compensation Heater
. . o : .
1 j ; ; /Grcphne Pipe
g : ] i .
13 # g erami ide Pipe
1B ] ([ Ceromie uide P
o E ok D O/Thermol Insulafion
o g G / ;/Coo!ing Pipe
wn| @ Kl: ’
- g ki ¢ Reactor Core
fI; 5 L Simulator
g A 1 ol
g g Simulated
1 o0 a *o/ Support Post
2
”T_C ®) High-Temperature
Plenum
" ] y
20 igh- Temperature
: ] . Outlet Pipe (Ceromic}
] | 1
ql o—— Bellows
: ”
9 ; . . Bottom Cover
C 1 I — 1
\—-‘ Middle - Temperature
Qutlet Pipe
68.3 { Stainless steel)
190
400
800
820

Fig.3 Reactor core simulator



Upper Plate of

Reactor Core Simulator

{Stainless Steel)

24

JAERI-M 93-005

$85
g70
£40

Bellows

200

-|000.< . " . Ea—

400 o

800

Ceramic Pipe

Ceramic Guide Pipe

Main Hegter

Graphite Pipe

Thermal Insulation

\i\&\i\\\\\\\\\\\% —————

A SO NN NN RSN

35

Upper Plate of
High-Temperature Plenum
(Ceramic)

Fig. 4 Flow pipe



JAERI-M 93-005

JUulWMiI]suL [BS1IY2A[3 JO

Buimelp o13BWIYIS G HIYg

o

M\F.-

m_uc.u.:_nn_n:n_umuum_ﬁm.mm,wa:mcm..u_mﬁochH_vqu“ (auod _o.:.su {sjuied o) Jajjousuod ‘duta) U1} 93811310
| ! ! | PuD juawainsoay 19p10331 pIgAN $I0j031pU] I e i} J3DpI3jul tajndwos [H} 1y2
B T T Eaaaiol— e s
1 o S . .
13)i01d S D o QIQIOIDI)  Jatioyud ssalg
) __ oo:% T H 13]|04{u02
Ul | E——— DA S53201d arqowwniboly [0iJu0d 34njpIaduiay
SETUTE
1 ‘N wonoiedo 10) I % ) 0} Jaynduioy
m joubts jndyng
1
|
| = |
189 (1] 13jndwo) b s |8l ¢
] ! SHol=l ) spnog o;
“ = |8 9
] | o |z |
1 g @, —0
© _W el ~$
L] St imwent LS 5 ° o
s ( ( _
/ o ‘o
toubys ampnsadwa) 7
‘.O—c“:ao‘_ - _Qzan h_anws.w
samod Ay @::.:_m:@ Jamog
|I|II|iI..I!IiilIIIII..IIIllll\uwllllllu s LTty N W H L} _I
ST ! 2T voz
L__veriorast] ! AOCI}
|||||||| b (dwnd wnnsox HT= {0
_ ! ‘SaA| DA ‘1aM0)g) m o gt
. | o
Jajoay wnuad asﬂa:u__.__ _, sauyoow Aojyxny m AOOZ#E
£ — e —  —
' | winnIEA 0 |
“ sa.baguyjonuau0) | | _
(€] Jaj03y uojjosuaduwo) TJm?l 2inssald-aj01 mol4|_| _ [@Imdq«’
A L. ampiaduia : AOOZ#t
I
|
j



JAERI-M 93-005

wa1sks Hurjdwes sed Jo j99ys mo[d 9 dig

CPUXNUBENLEYEG( L CON)ROR
THNY(S ONIMAENL (2 'ONIDLALEY .

(VONIUEREEE (€ ON)INMIRUTNRY HHIT 0N HABYFT ORN
¥Yr8t: — . ITTT (i
, . T
Ce0A-TLY: [ —{8
K I
e B —{f
403 % = mmw LT T @
He-06: pa qF 4.p _ e
nEA q.p T-1 q b r
m m/ q B } WE3IE"ON HWBYWE OW
F N q B B
- L 4 b AT
L S WL [ e AT TS -3
L ] 8 T
d._nh,
£ = FRI By, 1B e JYTCE _r ¥ rlrnnjv
el § W\ Vi : w/_lﬁ 3 =TT 57T
H d & __nbo.u 5 want ¢ ) —(
d /b 4 (e K] WL
q 0}
e i WL T
i T
B = .
qd 08 oo z-5 WUET oW “ANETwZ oN
O e 1+5 - ] ——
5 . = W7 ETETRT ] oA
T m \I_ T
E z-2 . @
. -
L T2 ™ wzeas %
3 rreas B0 Rudy 1224
w /el AT _->m~.v_mﬁ _u:.wg {0 DT
. ) A LT 7T Tt nrmg m..
= b
b=y t T¥3v™0N “A¥EtNY ON
-B sw2as_ 2 ##
. " 3 _:_:miww._nr ] .qu”-w_ | B
B b - - ne._nq S I GRET TR T
3 LA M
W w P &E S
b _u’ _m__
«
ﬁ petid
LT _v:m..v_wﬂgaﬂ_._ o ST
TR i Mr \
WEIE 0N R¥BYKL ON
[ J ) ;
R |..m;
ﬁ .
h ﬂ _. =T ran

-




JAERI-M 893-005

TE
o= ch wal
FTEN FL+4403 FL+4403 /TE TE

v - EAVATA AT AT AT AT
{ = TN INIINGINY,
s S S T A \_FM.U.

faTa) sasms [ J YTE YU FL+35501 £ essss FTEYTEY IOV
L2 ] = : EESEINEINEY)
FTEN  FL#3450 =[Hict :
) i A & == TEYTEYTEYTE
e s 1) [l [ s Avwsesier)
- FL+3300

=
-
T

) " WECAWSS/ e ruesioe ) ranod _ F1EYTeY WRANEBANZANS
- G1g, Gl
A0 A A {1 ez A

TEYTEYTE
a Wiz AW T AW AW
TV TE FL2750 FLt 2850 ' TEVTEYTEYTE YV TE
Wit A WIE AW 2L AWZ6 AR
EANEY 7PN rigarso | THH N FL4+2750 TEYTE
.—W . : D
VY TEYTE FL+ 2650 ) Fazers  NRARRS ANV TEVTE
TIARZ AN AR WA NI ANZGANES

_ ’W 1y FLasase /TEVTEY
VY e Ni e opm Y ATVEYEYE

M K|
TEVTE TE FL+ 2450 U FL+2500 TE Y'TE TE Y TE
WIZAW3II AW L T w03 AWI4 A WIS A W24
/TEN fLsza00 i saangguzy FL+2400 £ TE VYTV TE

PLezass e ASEASE TENVTEVTEY
FL Y2250 TN TEN FINTINGD

Y EEED
FL+2150 TN \WITAWIEANIB AN/

33\ FL+1978  /TE Y TE Y TE YTE

\wes/
[TEVTEN FL+2400
4
/{E\(EEE‘/\“L/ FLs 2381

& @,

) FL+1978
& ) [TONSOIAZOIALREALST/
VTRV T =k las G
s Awer Awea/ ey | ] @
2| | ' (TEVTEY
/A b FL+ 1650 \G0ZANSY
(1 o | |1 ARV
200 % : ALY
T o | &
6759 ]
FTE™N FLs 1250 ,-}
s/
== = p=:
4D
\&ze/
== =HR=
TEN  FLe6oD ||| . Fy + 690 !_
FL+390-H | =5 53 ,,HE :
o &
&/

Fig. 7(1) Position of temperature measurement



JAERI-M 93-005

Top cover (2)

Top cover

WISAWOLAWILAWIE
TE TE TE TE

Y1IBAWI TAWIE A W25

AN

Flow pipe

PRI
AR
270 . A
Annular passage and \g1g/
[TE0
water cooled vessel G2/
| &
G' T i ] ) 180
(o - 0
AW AT
311/ \wmy/
(TEY TN
\J1/ \wiy/
EANAT
818/ \ws/ sg

Fig. 7i2) Position of temperature measurement



JAERI-M 93-005

270

wig wag 2y Bottom cover -

380 380

:e3

Reactor core simulator

high-temp. plenum,

high-and midde-temp.
outlet pipe

Inlet pipe and low-temp. outlet pipe

Fig. 7(3) Position of temperature measurement



JAERI-M 93-005

1.5 T L T T I L | | 117 1T 1T 1T7] 7 1T ] IR 1 i
. - Graphite temp. = 608%C =
= o Outlel pipe (Tenv.= 23°C) .
S | & High-temp. ptenum { Teny. = 563) o § i
o i igh~temp. p env. = | o © o |
- | o Tenv. = 81° )
- 10k op cover {Teny. = 81 C)u 500 g —
5 v Annular passage (Teny. = 757C) 500°° _
= - © Inlet pipe (Tenv.=23%C) o ©° © @ 1
£ 0 0° G
- o) o o -
8 | o] o © o< v .
S 05 |- oo® . oooooo VVDVDV':' _
< . OO o e} o ¢ v v VDVU ) A
> - 009 v hhaao® _
= o0 C° oo P 2 °
w = O o VUVU o ab ]
c © W abab
2 g?mwm% Aaaaﬂﬁabﬂ =
= gsmanaaaﬁﬂaAAA .
A R (N VRN T N S T T N N TN T 0 YO AN T N O I N N [ S T
0 1 2 3 4 5 6 7 8
Elapsed time after the simulated pipe rupture [day]
Fig. 8.1 Density changes of gas mixture (A—60)
[x1072]
25_ LI ] LI N B R Y ] LR [ 7 i ! ] L L
" Graphite temp. = 608°C N
o O & High-temp. plenum g a
< C a Top cover o ]
© o Annular passage v -
.g = < Inlet pipe .
S i ]
o " v i
= 10+ o —
P N J
[= N ’
= B N ]
- o ad?® ‘ 6 -
- 0006000000 a8 .
009" m&ﬂ?cm':&:ﬁwﬁ B A i
&Ajﬂbméwl}m@mgjf?m L TR, |q5_iu:é 1 L1
0 1 2 3 4 5 6 T 8

Elapsed time affer the simulated pipe rupture [day]

Fig 8.2 Mole fraction changes of Oz (A-—60)



JAERI-M 93-005

(x10°2]
20 | I ] [ L) | I | T I | i T I 14 ] { I | ] 1 1 1 | 1 1] i | ] ] I

| Graphite temp.= 6087

L o Qutiet _pipe

T
Lvo13

a High-temp. plenum
a Top cover

v Annufgr passage vﬂ
< Inlet pipe

Mole fraction of CO,
)

SN I I B

L L
8

I
‘°c1
5
o .
Ob"c:
o
o>
<t
]

000

Aeo B i
vqg % %0000, o o
Bla © 0000

m?btl!rtilllliltrlllllllil?d:oo_g;1—
0 1 2 3 4 5 6 T

[

Elopsed time after the simulated pipe rupture [ day]

Fig. 8.3 Mole fraction changes of CO2 (A—60)

[x10°%]
O e e e e I e Sy B By R s Sy s e A A B B B

Graphite temp. = 608°C _
- o Qutlet pipe .
Q & High-temp. plenum 7]
O L . A
— - o Top cover e
s K ..
= i v Annuigr passage i
:g 10~ © Inlet pipe -
(5] L. ]
d i |
@ N i
= = -

E —

Elapsed time after the simulated pipe rupture [dayl

Fig. 8.4 Mole fraction changes of CO (A-60)



JAERI-M 93-005

1.9 LI AL B LY S I T T T T [ T 1] v T 1]
_ L Graphite temp.=708°C ' -
i ~ o Qutlef pipe (Teny, =20°%C) .
E
= = & High-temp. plenum [ Teny, = 6587C) ’ of 1
=~ | _ o ¢ .
— o Top cover {Tenv. = 88%C) 500°°
o 1.0+ o o o g —
5 | 7 Annulor passage (Teny, = 79°C) o O B
= | o Inlet pipe {Teny.=23C) o 0°° 3 i
= PRI o o
w2 B o) © o o a n
S, . o o q o o © % -
— 05-_000 ooooo vvvu B
) . o0 o] Ivd % n O
9 <o © 0 VDVDVD o é -
= [ v %0 b
w - 60 © © % %'l N _
% 3 ol q—:‘b A A L a
] o™ wanb DB 488 7
o 66008888 . T
Co g e b e b Lo o by e by a |
0 1 2 3 4 5 6 7
Elapsed time after the simulated pipe rupture [day]
Fig.9.1 Density changes of gas mixture (A-70)
[x10°]
25 AL L L LAL A N AL AL N A S NN BN B B B
[ Graphite temp. = 708 °C i
~ 20~ A High-temp. plenum é ]
< - a Top cover v ]
© ~ v Annufor passage g 1
— = -
o N ¢ Inlet pipe N
k) N i
o B ]
-  {0F -
@ - :
= N b B
— A —
i a ]
0 000%00°%°%000 4 sat® o .
%MEABE\HF zA;AFﬁFﬂWﬂ%%%@@%m&ﬂmmﬁ_l (o]
0 3 5 6 7 8

Elopsed time after the simulated pipe rupture [day]

Fig.9.2 Mole fraction changes of Oz (A—70)




JAERI-M 93-005

[x107%]
20 T L L L L D L L L L L L
_ Graphite temp.= 708°C .
= G Qutlet pipe -
oJ | —
=3 & High~femp. plenum )
S - o Top cover .
5 " v Anmnulor passage 3 ]
5 {0 ¢ Inlet pipe avo
o B AL 7]
u— - o8
R o UAVAVA o v i
W g Ped o
— | =] AVAVO o] -
— | o c‘vgvo % —
= - nvuvc’evevo < N
o o & C’aguggmev egg o . 7 _
o (o} 00 goo 4
EA N %3397%6 & o o ° 0o 0 E
YL Loy oo Loy Lo b v g i 1 1 Qe 11
0 i 2 3 4 5 6 7 8
Elapsed time after the simulated pipe rupture [day]
Fig. 9.3 Mole fraction changes of CO; (A-70)
[x1072]
20 LI I 1 7 I b ] T F I LI | Ty { T T 1T 1 1 I i
| Graphite temp.= 708°C
o Qutlet pipe i
@) L . _
O i a High-temp. plenum
s B o Top cover -
5 : v Annular passage :
'-3 10 - ¢ Infet pipe |
E . -
@ - N
= - 4
= _

Elapsed time after the simulated pipe rupture [day]

Fig.9.4 Mole fraction changes of CO (A-70)



1-5 I 1 [ o T 7 T DI { ' T l T T } L] l i 1 ] T _l T
L Graphite temp. = 907 C i
mE - © Qutlet pipe (Tenv.= 9°C) o§ -
> - & High-temp. plenum { Teny. = 860} o ° .
= ~ v Aonular passage {Teny.= 977C) 0% o h
- o o
© L0 o et pipe (Ten,29%) o °° 7
= - o © v N
= | o] O B
e co® G0 o
8 B o a Q o o O v y
[awp) - © o o0 & 7 7
HCS 05 s} & < v v v v -
oy B O o0 ¢ 0 v v vV v ﬁ |
= o ¢ v v
2 -O © v v vV v A A 4 !
4 vV A A D a8 -
o v Y aabb?d a
Y- - -
VI ST N N TN SN TS OV SN N I NN SN SN SO A N NN SN N VNN VA A O NN NN S N S N
0 i 2 3 4 5 6 7 8
Elapsed time affer the simulated pipe rupture [dayl
Fig 10.1 Density changes of gas mixture (A—90)
[x1072]
25 T L L AL L L LU0 T U T TR RO N SN BN B BN BN B
" Graphife temp. = 907C R
o 0~ & High-temp. plenum A ]
< L i
B o Top cover ]
© o v Annular passage N
% b < Iniet pipe .
S N ]
& " i
— 10 -
@ T -
= 8 -
1 s ]
_ a ]
o ¢ CO0 0o 600 o A a N
a a8
M?& A3%%3%%%5@1%&@&:@3. IR NI B
0 1 2 3 4 5 6 7 8

JAERI-M 93-005

Elopsed time after the simulated pipe rupture [dayl
Fig. 10.2 Mole fraction changes of Oz (A —90)



JAERI-M §3-005

[x10°21]
20 T | i 1 I 1 ] T T 1 [ 1S I. [ 1 1 i r T 1 | T 1 3 | H | T
Graphite temp. =907°C ' ]
" o Cutlet pipe |
od = -
8 - a High-temp. plenum —
“— i o Top cover : ]
= - g A
= ~ v Annular possage 5 4 -
= = . a b .
S 10k © 1Intet pipe R
= - a4 v
y— | a D o N
s Dvo
£ 3 00%gpo £ b a of \IF’:I Yo
o £ 0o vVa o -
— A A o U& Q -
E o A . &133 00, ]
g &Y o ]
a) &"6? ’
A @&,&: o
ﬁS‘F@z{E: Loeg o bt by o e @ bor v g L1 1) i
0 i 2 3 4 5 6 7 8
Elapsed time after the simulated pipe rupture [dayl
Fig. 10.3 Mole fraction changes of COz (A —90)
[x10°%)
20 [ 1 | L 1T | I j i L 1 | I | LI l L } [ T
| Graphite temp.= 907°C
: © Qutlet pipe :
8 — a High-temp. plenum —
v i v Annular passage i
= - <& Inlet pipe .
2 - -
o 10 -
S | i
b . o _
@ - ¥ gV .
< - & -
= - P _
L1 ]
8

Elapsed time after the simulated pipe rupture [dayl

Fig. 10.4 Mole fraction changes of CO (A-90)



JAERI-M 93- 005

1.5 L AL UL P L L L L L L L B L L L
_ Graphite temp.=1003°C
«E | o Qutlet pipe (Teny. =14°C)
~ - A High-temp. plenum { Teny, = 949°C) B
2 . ° o o
= — O Top cover {Teqy =123 C) 0 ©
e 1.0 v annulor passage { Teny. =1147C) 0 © ° g
= " < Inlef pipe (Teny.=22°C) o ©
Rl - o © @
£ 0 ©°
v [ 0©0° o 03
S - o © ° o o © ;
w5 05F° o ©
< e Y
> B 000 vD"DVUVD
= o © % b
2 S o © q]qjvuq:] A
o o Wb e A
é)} - mm Kni A A A A A A
gAwAAAAAﬂA‘“AAAaﬁ
coooe toev e oy by o by Lopge I
0 1 2 3 4 5 6 7
Elapsed time aftfer the simulated pipe rupture [day!
Fig.11.1 Density changes of Gas mixture (A-100)
(x10°2)
25__| L N N N L L At N Y O Y N DL NN N N
n Graphite temp. =1003°C ]
- A o
oy 20_ & High-temp. plenum A
< - _
— 3 o Top cover R
@ B v Anpular passage ]
£= B .
o - ¢ Inlet pipe 1
5 [ .
= B |
@ . ]
o
= [ ¢ :
L . -
L o ]
i ° -
6090000000, i
BHHHH A I S B |

0 i 2 R A 6 7
Elapsed time affer the simulated pipe rupture [day]

Fig 11.2 Mole fraction changes of Oz (A-100)

o



JAERI-M 93-005

[x1072]
20 T T 1 | 11 171 T T T 11 1 T T 1 T T 1 ] 77T ° T 1 [ I
i f
 Graphite temp. =1003 C i
B o Quiiet pipe :
C‘)‘J — A& High-temp. plentm g —
oo B a Top cover |
5 n ]
— e v Annufar passage @ =
= - o Inlet -pipe ® oo l
S {0 PIp -
= L b A
S Lo © o ‘ A O u
X - OOOOO.OOOO‘OOO i
O » v .
= o s B & 5 N
(saanansasapnndd & _
oo op 0DDODO oo CDDQS]O -
@(ggqs’@%%%@%%%%eeﬁo ]
. %Jr@'fgfgl R S N SO0 G VO U N <Y N 0 T W ]
0 i 2 3 4 5 6 7
Elapsed time after the simulated pipe rupture [day]l
Fig. 11.3 Mole fraction changes of COz (A-100)
[x107%]
20 1 1 7 T7T ] T | [ 71 ] [ =T 7 1 T f I T T T T T
| Graphite temp.= 1003%C i
o
o Qutlet pipe & |
—_— & g 7]
8 - & High-temp. plenum & -
- ~ a Top cover % |
o & “1
= v Annular passoge %, -
2 - ¢ Inlet pipe Qﬁ% 7
o 10 C% -
2 - SN 4
— - A% s °© -
A
= i a b A%AC% . .
=) = A A ~
= - A4 @ -
_AAoo&p%OOOOOO 4
go QO & ° A —
é Cy:t@ ©q B
a@fﬁll!lIllJ_l!III?‘?@@tﬁﬂ‘;@l[[lllllll
0 1 2 3 4 5 6 7 8

Elapsed time after the simulated pipe rupture [dayl

Fig. 11.4 Mole fraction changes of CO (A-100)




1.5
"
&=
S~
on
T
o 1.0
—_
=<
=
vy
L]
Lew 1]
= 05
=
W
=
(454
o

ﬁ
3

mO‘

oo™

]
S

()

Mole fraction of O,
6]OI]|I-IIIIIII|III.T|III
Q

JAERI-M 93- 005

R

™ v [ T 7 T [ T T [ 7T T T 77 P T 7 T

Graphife temp. = 1046C

Qutlet pipe (Teny, =32°C)
High-temp. plenum { Teny, = 996°C)
Top cover {Tenv, =132°C)

v Amulor passage {Teny.=127C) 5 ©°
(o]

c

O

a

Inlet pipe {Tenv=27C) o
0©9°

Elapsed time after the simulated pipe rupture [day]

Fig.12.1 Density changes of gas mixture (A-—105)

l.ifll

Graphite temp. = 1046 °C

O

II{IIIIIII[ili{iif]llllf]I

Outlet pipe
s High-temp. plenum
0 Top cover

Annular passage

Inlet pipe

IR EE N IR N N S I BN SN SN AR SN N B A B SN A

[

7

[ L1 1

[0 0]

Elapsed time after the simulated pipe rupture [day!

Fig. 122 Mole fraction changes of Oz (A—105)
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Fig. 15 Temperature changes in the annular passage and the inner barrel
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