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In-Vessel Thermchydraulic Analysis of MONJU with AQUA Code (I)
Evaluation of UTOP Accident and DN Precursor Concentration Transport

Toshiharu Muramatsu¥*,
Masahiko Matsumoto*#®,
and Hisashi Ninokata#®

Abstract

In-vessel thermohydraulic analysis for unprotected transient over-
power (UTOP) accident and precursor concentration transport analysis
were carried out by multi-dimensicnal thermohydraulic analysis code
AQUA for prototype breeder reactor MONJU,

The analysis of UTOP accident was conducted for a transient
simulating a reactivity insertion to a full-power operation condition
(End of 10th equilibrium cycle) and the subsequent sodium temperature
increase at S/As outlet, where C/R pull out rate and maximum insertion
reactivity are 5 mm/sec and 1.28%, the instrumentation position of
reactor outlet reached the reactor trip level (546°C) in 42 sec after
the onset of UTOP. Then it is estimated that the reactor will be
tripped by the temperature instrumentation before a fuel pin failure
(50 sec).

For the analysis of a fuel pin failure accident, four cases of
different locations of the DN precursor release were calculated., From
the analyses, the following results have been obtained:

(1) 1In the case with the FP release from lst row of inner core region,
DN precursor concentration with 1.2% and 1.5% reached the outlet
nozzle of R/V in 60 sec and 300 sec, respectively,

(2) In the case with the FP release from 2nd row of outer core region,

the concentration with 0.7% reached the outlet nozzle in 60 sec.

For the analysis of a fuel pin failure accident, four cases of

different locations of the DN precursor release were calculated. From

* Reactor Engineering Section, Safety Engineering Division, OEC, PNC
*% (CSK Co., Ltd. ‘
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the analyses, the following results have been obtained:

(L

(2)

(3

DN precursor concentration at the outlet nozzle of R/V is high
due to the flow pattern in the upper plenum and independent of

the locations of DN precursor release,

In the case with the FP release from lst row of inner core region,
DN precursor concentration with 1.2% and 1.5% reached the outlet
nozzle of R/V in 60 sec and 300 sec, respectively.

In the case with the ¥p release from 2nd row of outer core region,

the conentration with 0.7% reached the outlet nozzle in 60 sec,
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— 6l —

UTOP —

Operation C.”R FCR Reactivity Doppler Reactor Scram Fuel Pin Accident
Condition Operation | Auto- Insertion Coefficient | due to R/V Qutlet Failre Category
Compensation Na Temp. High
Yes No Success
— Manual —l:
. ~— Yes No Success
Full Nominal — I— Yes —Partial Core Damage
Power w Nomjnal L No High Power Keep
0.82%)
Conservative Yes —Partial Core Damage
— Auto
No Success
Nominal ——
— Maximum —4:: Yes —Partial Core Damage
(1.28%) Conservative Yes —Partial Core Damage
Nominal Yes —Whole Core Damage
Partial ’7
Power L
Conservative Yes —HWhole Core Damage

Fig. 2. 1

Event Tree of UTOP Acccident
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P/Po{=P*}=NORMALIZED POWER

PYF?  =POWER TO FLOW RATIO o
F/Fo(=F?)=NORMALIZED COOLANT FLOW O

B =BURNUP (10000 MWD / MTM) S

© ~CHANNEL NUMBER o

(N) ~N-TH FLOW AREA

CONTROL ROOD

C=COARSE ROOQ

F=FINE ROO

B=BACKUPRQO
=5AFETY RO

8 0 C,O?&

Po=20326 AWATTTS
Fo=479.800 (G/CM»%x%2/SEC)

Fig. 2.2 Initial Condition of UTQOP Acccident Analysis using SAS3D
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Fig. 2.3 Calculated Outlet Sodium Temperature of Core Fuel Assemblies
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GUTLET TEMP. VS TIME
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Fig. 2.6 Calculated History of Qutlet Sodium Temperature of Core Fuel Assemblies
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OUTLET TEMP. VS TIME
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OUTLET TEMP. VS TIME
CHANNEL NUMBER 10

o
o
o-
&
D_
=
[why
©
=
o
LIZJ -
~8
o
L
t
S -5
&8
-
o]
[7s}
o
o
o
. 3 T T T T T T T ! T T 1
0.00 10.00 20,00 30.00 40.00 S0.00 60.00
TIME IN SECONDS
OQUTLET TEMP. VS TIME
CHANNEL NUMBER 11
8
o
p:!
D_
o
o-
2
18
E] -
-8
o
3
-l
5 i
o8
o4
a
o
<
9
h T T T T T T T T v T T 1
0.00 10.00 2C.00 30.00 40.00 50.60 60.00
TIME IN SECONDOS
OUTLEY TEMP. VS TIME
CHANNEL NUMBER 12
o
]
o
b3
O_
“
o
@
-~
o
E -
=3
L8]
A
5
o8
o
@
o
Q
o
$ T T 1 [] ] T I T T T T 1
0.00 10.00 20.00 30.00 40.00 50.00 60.CO0

TIME IN SECONDS
Fig, 2. 6 (Continued)



PNC TN9410 89-155

OUTLET TEMP. VS TIME
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OUTLET TEMP. VS TIME
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OUTLET TEMP, VS TIME
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QUTLET TEMP. VS TIME
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Fig. 2.16 S/A Mumbering and Relationship on Mesh Arrangement
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Fig. 3.11 Calculated DN Concentration Transients at Outlet Nozzle of Reactor Vessel under Case-3 Condition
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Case 4 (Outer Core)

Case 1 (Inner Core)

<
[aw]
[an]
Case 2 (Inner Core)
Bo
[Nty
&C\]
=]
Case 3 (Outer Core) 3=
o
e _
8- & &
: —
8
(o)
O‘Ez i )
00 500 1000 1500 200.0 2500 300.0
R/V Outlet Nozzel time (sec.)

Fig. 3.15 Mass Weighted Average of Calculated DN Concentration at Qutiet Nozzle of Reactor Vessel under Case-4 Condition

s
=
(@]
=
=z
©
>
—
(e
9]
¢
—
1
1



<
/[]
Case {inner Core) /
. Pl
B
U& Case 2 (Inner Core)
'.5 / / |
£ E,,f”
- [ ]
[=]
: T
3 P / P /
= -
s / L~ 7 / i \Case3(0uter Core)
/ \Case4 {Outer Core)
<«
[aw]
00 50 100 150 200 250 300 350 400 450 500 550 600
time (sec.)

Fig. 3.16 Comparison of DN Concentration Transients at Qutlet Nozzle of Reactor Vessel

GGT-68 OT¥6NL ONd



Case 4 (Quter Core)

Case 1 (Inner Core)

0.10

Case?2 (Inner Core)

Case 3 (Quter Core)

Norm. concentration (% )

50.0 100.0
time (sec.)

150.0

R/V Outlet Nozzel

Fig.S;IT Mass Weighted Average of Calculated DN Concentration at Outlet Nozzie of Reactor Vessel
' (Release Mode : Step Profile)

A : Flow Hole Path
B : via Inner Barrel Top

under Case-1 Condition

GGT-68 OTV6NL ONd



Case 4 (Quter Core)

Case 1 (Inner Core)

0.10

Case 2 (Inner Core)

Casge 3 (Outer Core)

Norm. concentration (%)
0 '05

0.00
p-g
”
/,
7

time (see)

R/V Qutlet Nozzel

A : Flow Hole Path
B : via Inner Barrel Top

Fig. 3.18 Mass Weighted Average of CaICulatéd DN Concentration at Outlet Nozzle of Reactor Vessel under Case-2 Condition
(Release Mode : Step Profile)

GGT-68 OTV6NL ONd



Case 4 (Outer Core)

Case 1 (Inner Core) o
=]
Case 2 {Inner Core) %
8
Bw
o
§ [=]
Case 3 {Outer Core) §
g
5
=
[=] \‘ - -
sl/a~. B
& , .
0.0 50.0 100.0 150.0
time (sec.)
R/V Outlet Nozzel A : Flow Hole Path

B : via Inner Barrel Top

Fig. 3.19 Mass Weighted Average of Calculated DN Concentration at Qutlet Nozzle of Reactor Vessel under Case-3 Conditipn
(Release Mode : Step Profile)

GGT-68 OTV6NL ONd



Case 4 {Quter Core)

Case 2 (Inner Core)

Case 3 (Outer Core)

R/V Outlet Nozzel

Norm. concentration (%)
0.10

0.

0.05

0.0

50.0 100.0

time (sec,)

150,

A : Flow Hole Path
B : via Inner Barrel Top

Fig. 3.20 Mass Weighted Average of Calculated DN Concentration at Qutlet Nozzle of Reactor Vessel under Case-4 Condition

(Release Mode : Step Profile)

GGT-68 OTF6NL ONd



PNC TN9410 89-155

=

<
o
g
E
k=
£ 8-
=
[ ]
]
3
=
g
5
Z

< T

0.0 50.0 100.0 150.0
time (sec.)
(Release Mode : Step Profile)
=
=1
/Case 1

] /
i)
-
E N Case 2
=
8 w Case 4
5 27 [
(&]
E <
% Case 3
g
N
a
Z

= T T

0.0 50.0 1000 150.0
time (sec.)

(Release Mode : Contination)

Fig. 3.21 DN Precursor Infensity at Instrumentation Position



PNC TN9410 89-155

fHRA  EfRAMERRFO LT L > ARSI



PNC TN9410 89-155

) Y Y5
i) ; &~ aa ady
Voot & o >':z:‘: p v by bb‘;hmtxﬂ‘iv
SREEER B & & B e o AR WQ"\ABBM aaaq o b4
q NS ¥ flanoos o o o 4 > > o
ISP Neaaann a a Se o a o p>”§
& A
T e A a &gy Nidaaans a A aagy anooon oy e > o T d i
AARRAMD b & & & & “““MA: a aalqaqly Fl3aaa00 n a4 & s gy Iy ewe [ MBS N
a 74444a4aa b & & A Ll v ¢
v9d4qaaa 4 & 4 4 $§§ qanann @‘% - 4
79492444 4 4 4 4 g aasas s 2 asdaiys IR o o 0l
qadaa4 4 4 4 4 5 Véma&m&&&&““ﬂ fas > o B i v Ao w yb
v 9 4ad4 4 4 4 4y QAAGANA S & A A& B 2 R R frvvove o 4 laraaa44 v 53;3@
§§§qam&&&é\§&q Ab.,p.gz.umn&i:b b < oo oo gyl hagddaa s v = =, b voweeeg,e S b n
i3daaaaaa 4 s A PO BB & 5 L ovoTT PRPS - YR
honasmse o & 22 Xl A pasons v = 2 2Rl e« < = ya bl R
el jd 4 v By
mADbDD,,b?\;\\:: LaBBBOL D b v o ad bvvvvvv::’_:_:/vbA ; v < g :Egm b, -w:§ Tha b
- < q v v
BABPOVES B b Aoy by v g T pIIeET 9 b b e = " prossea . b b
I R, ¥l Caaaaa s AR TP U 2. MWW Y T R v bssaeae ‘E\V v o b o ppsaus “\ NP r
A A A L S | B Pacoeow v ¥ v v v b ypoma\*:vv"""j w»m«sv"\v‘?be ppppodas ¥ & 44
T SR Ernt R o j
L3 Y v v e v b Gaow % %
pooagonw > B L . A yrooeaes Y v ppossst™ AT v v &b A Mg\\\ 441
pppacaes b R b o poosasv M ¥ B by ppo2av®® T w 21 ov P,,p% e \f~
OGN T oM TN S )
IR 19 [ eray TR % 3 Pees Sty Wee~
ppoa Iy 11 By oA QA % &= v,
Aoy ] P 798 8 §§';j,7ﬂ 9 T G~
prr e A LT 988 i 35 339 Ctev alt )
4 ) % > % d4/0 8 qwg o % & ml’g 1
: = > b sy 357 7 o 4y v 2\ PN
3y 4 §EH b2 8/ w® 1% §; I%
7 i V:‘A; R v &
ay % 4 4V
512k SEECE I A% % L1
1 v % o 52 < ’ v b b 5».
@§‘SAVZ)J <$$: o ggg pla
5 | v -
3B $] ’ ¥33 NS
1 S a vﬁ_% bé\ - < <wyw v ofp 4
B S a VWA b v v 9 Y = TIME: 0.0 SEC.
sTHD p 9| - PERA TURE
o PR == =4 TS TETNAST
< - TEM P
N . —Tr o =
| hd i=3 n‘h—dgs'pz:?i?uasfc 271 M/S DELT= 5.000 Paciew<w v 5 =~ 9= =gy
TME: 0.0 SEC. —TE DELT = 5.000 T s =y P aooune 6 b :3;’: E
: 0.0 SEC. TEMPERA N e < v Y bbb b B
J =1 T e une fELT= s.000 Paaaaeeg = % v v <<y NPT » 23 P < MAA A & Ag 7 }
TEMPERA <<b bA 4 7 880 g
W DELT= 5.000 Fr & Sb b b D P AABA A A q 33
2 o p—— 4.4 v 2ovsor PN A4 d Fa AYARBR A A i
E P v e 9 agy 44 4 7543 A If " AfA RE A ﬁﬁ
R EETIN hoslac e e v L . 497 %1 24 RN A yRRAEsR & & & 4 h
) e N AR 7 44 ¢ 3F 4 Viaabbsd &
‘7qu>x>t>‘>‘>““<W IRAAAAAAALALAR N 14447400 £4 4 i Usosnens & & 4 8
v>vvv>>5ﬁ‘\? odeere v ¢ 7 § wf N 42343 R asbb AA¢4??$
I s 99949 & s 4 bbb A& 2 5? \2 Fanpoes b
> o i b gad 4 4 2 A4 FiaABDBY 4 A 448
SRR A AR g ]! %l peaseeer L2 a bl TN bt o
A B, L4 !
i crove g d ad Al g’ ZZ:ZAAA IS 53:2? H hadassnn b A,{lé § 4 w4 v b s 478 4] 77 osauph b | ey
PASA PR ! bbb B 2 1 e b B VP soaaovs B rpoastay > &
fgqqdddddbhA4@€, bogaa va s bAt bo g v oA’ 444 R R IIN ov ¥ b At
> v LYY TN v Spblacs fam
4""‘7‘14Ab%l NYXE ['d 4 YT s AT R /bg\@‘?ﬁ? v b b4t d v RLR & 44
I8 & poay bb¢++, vﬁﬂ&bbx,;\@ﬂ Vﬂ&’]:zé R Pppooaay 4434 [Fyypoea= 5k A b4
vaaasdly v b g4 ppumqu\f b poaN P ppoodas b s A4S vy pofeaas v R Y ppoow® X\ § 4 Al
Pepscaan b b & 244 vopsacdy b b N hppofoca s b R e ppppra<™ N 1
o psada ‘:\‘:\\N‘P‘f W“’?‘/dﬂv : + ‘fﬁ VP’,‘D»AQV : R L ygpprsa® N i1 v
» /, v v A Y
pppeesas IE R wppyeoss 4 pegprpt e oy a4 v 4 ) £5
PR \ / avw b T by a7 4 1 Al
Y vaa s 4 AT V! 4 ke s o 740
A / 7 5 Tl
A Y ey ) B3 7 Ay 2]
Y2424 Ny ; )’/4/;14 =, bl 4
43408 ¥ ‘ setnd
1Y A it
Hak ’/}ﬂ&;, : : Fri%d
] <4 ///,’ﬁ,ﬂ/ﬁ <
LM %T 4
e :g” S
4
ik
2k
>
5 v i b . SEC.
S ey gl ) 1=10 e Suns
LRI J=9 TINE: 0.0 SEC. 27N bELT= 5.000
PE ' - I
et o=t s=8 T 58, SEC- IS R,
= 0 R
by v v J=7 TIME: 0.0 SEC. X7 et & a00
- ATU -
. 0.0 SEC. R T TR 00
J=6 T 003t 271 M/S DELT= 5
W DELT= 5.000

i es [or teady State Condition
V t and T t i 1 Pl ts i Z Pla N
I ig. A. l ector empera e F ei( ots P



PNC TN9410 89-155

Vi npbbd b
NSNS
[ oovby,
vV e

\

vy e
poppaaay ¥ ¥

ij‘mv v &

v 4
A4

B
o
-
o
o
o
Lt aE 2=t -2
Y —E'—s—mﬁ?v\d

LA AN
v v
=

-
e N
~Esas b L

&
T

Boeee ¥ T & ey

rapinb > B B B B > b

£ 1&;

A
H
<
E

¥
b

=

>

7
Z{

& AAAgA

B boooow

v/ IRy wy

4 =11
- s
271 M/S

TIME: 0.0 SEC.
TEMPERA TURE
BELT= 5.000

Laadauag
v 2aqobb

o
-
A
D
DADD &

bA
vy 2

Vv obdd
vV Psa44
vPPia444
9 PP4444 45
75‘74‘444 &
A

eeaqatv v
VWCWV v
FRAAARA RS

sasans op ¢

v e & acaasan
< W YV Vb A4 >AA”Aq]dd

pps 2 <
gpp L 2

w

VR AR AN

B4
Ay

L4
14
14
v

g T v e sAA9Y Y Py
P

EATE T TS b o > eaasay] 2 g

e

3, BB
o
i

<P

J=16
ol
271 M/s

TIME: 0.0 SEC.
TEMPERA TURE
DELT= 5.008

Aaaseee e W
P <govrve > &

d
4
d
'
L%

A
v v d
4

wl

=N

(a4

By B e B

J =12
il
2.71 M/S

TIME: 0.0 SEC.
TEMPERA TURE
DELT= 5.000

Pacagaw e v < 2
VPeaguh s g & 1

V99999 v
a Vpppos o
- o > > b ehrag A D Fh

— 8 oo
2

yWegovo v

- -
3 3
37
¥ <
9 9
LI
R
b
Py
[ -3

pRedhana 4 D &
y’m‘k\«q 9P A
geedaaq g g P b A\‘
ygafstsy g P “/ \
yeshsatq g ¥ 4

pqafanasy

l
I

1]

<P

J=17
—_—
2.71 M/S

TIME: 0.0 SEC.
TEMPERA TURE
DELT= 5.080

e

Ot —p — —B- —- —P~ —b ~b= ~& —&—D

hi
N
»
g
&
]
Vioppbpb ¥ B
15 Pq»dbb v
79 2gbor > v
v
A4
hd
-3
-3
v
Q
oS
&

9V P fov v
\Ad4 -
vthMﬂd

B o

et

o T B

wyprrLL L

ash
(bbb

4 aadaa
N

/

4] brn

4

J =13

= TIME: 0.0 SEC.
2.71 M/S

TEMPERA TURE
DELT = 5.000

Poagaaa< a V
vaAa%AD 9
gV P 2, a

LB Aag
YT
[ =y
vy b

~
i)
¢
¢
il

<ag9q <

p7 Ve » &
TAAALVS S

-— = 9 v

yyviaso s a 4
vvmm;« a9
v{vﬂ«q v
hystdaas y 7
vesadasg v 7
yesadaag g 7
pyyaaq g ¢ ¢
ERALTLUER ‘:

" \9—5—»—9\? > o b s AbLpap

aep = v v o b o 1 Posgag v gy

]

~

=g

<]

J=18
2.71 M/S

TIME: 0.0 SEC.
TEMPERA TURE
OELT= S.000

Fig. A 1 (Continued)

Aregeelw v v © ndw\;k
pacoebb s b B 4 op wb B
v»wbn:: : 4 «;,A 4/;"@
v Oopbbb 4 a
Py
Pttt 3
TIbRRER b 3 i
thhb b b 4
v ophbb b b B
Tlaapbit b B 53 [ i
o abboe v b 4 4 0
VVPévvvvv v & Qﬂ?
WYV pavaa o B L) *:h
yyyPadss 4 b 44 %Jl?
yyHPPLLL A & % l?
a7 a4 X % ?
s 4104
va ALl
1Y B
g H%
a 3
» /4 )
44 ;
25t
=V
2V Yl
h3
N
1S
§ 1 ¥
‘A A ﬁ v
ihil
ab <M
b\v\v 2k
v viw oY)
J=1 TIME: 0.0 SEC.
EMPERA TURE
2'71 M/s DELT = 5.000
VosasaaBZVN V D 2 55
evePLPPP v P b pp oo
WOPPPPEPL b p p o oY
RVVPLLLL D pop gk
gVRPDLL L b b IS
HHEAIE S ER N
WYPeEEPE b v S Yy
yvrrPvIY 9 9 ¢ 4 11
byeyveaaa @ o 4 4 W
pPyvIRQa Q 4 4 4 4 ?W
oyveeaaq § a4 44 ?*
bpridaaq ¥ ¥ 4 41”*
pepegaae v 2 & ég
vhTadeey ¥ <“: Y
j
Weeqahag v < ® 3
baqaaday e 2% ) 2
w«w{:« ' : i 4
LRRREEL KR R
yyqsasya a s

4 =19 m
P
271 M/S

ME: 0.0 SEC.
TEMPERA TURE
DELT = 5.000

(A4S IVYYS
AN INYSN
99 byyo
WV dass
v‘W,’”"P"
v vV VPPR P
‘A AAAd S
b vIvY v

pB4 W N % Y DA G VTR rr

J =15
—_——
271 M/$

TIME:
TEMPERA TURE

0.0 SEC.

DELT = 5,000

VPPEEPV
vevuepp p
AL dd
\AddddLdd

hddd{dd4d
b4 44 < <44
AAdddddd
TYVPPPY ¥

PYPVYYY Y
CARAAAA R
IAAAAAARY
(242XA1 R
Pyy VeIV
RIELTERS
VYIRSV ¢
A2AREA LA
AAAREATRY
‘AARALEE]
7 ygushs &

{2

Ppppp s 4 4 © U 9 9 <4 4 SaguvVe YV v
qWIF VS ¢ ¢ o go ¥V 2 Loaceev ey g

%
A
v
A
7
[ap)

-
a
«—/
=Y

av o T oo B onaqlroas

J =20
—_—— o
2.71 M/S
1

b
o o
v >
¢ v
4v
ig
N
3=
TIME: 0.0 SEC,

TEMPERA TURE

DELT= 5.000



PNC TN9410 89-155

r ....h._u....u._“.u..»p“u = = VoA L
v ih b / A -l 5 > . v e 2
7 7 &% e e - G - - - —aeFR Ly a1 8.3 lvw o
44PAﬁ;.j/..m.fd.A.A.A.Ash\b\bl%d,ﬂdv&pénpa__qafﬁbﬁrﬂ 1f 9¥? ey A
VI OVRRRT g @ o o o g \%ﬁxwﬁiﬁﬁﬁ M= I M ;
T2 bRV R « T T o e \ T‘vvw:unﬁd v g5 v v
daanvrgs v < e a2 a2 5 & < bN v| g23° [v« v
4 qaasmops>ee & V F p 7 a _\Qﬁaaﬁw» v| F daaaanssses ¥ P 7V Q4 4 o ¢ v
daaansnondp b A & & 5 B T F Il bR \W.b» » ] 94 4 ansbbbd b b & & A & B T o
A A A AORANDD > D D B b B P T TR 5 4 6 SEBLESAE DS B B B A & e P P
A & A Aassbher b & o b & B P O E TN ; 4 G AALOME D b B o b B B P P
RAsasasenc > > b 6 > & v T e X A A DB B B B B B o P O
SRR EE R B2 EEEaes {iRfmEmEEsEREEEES
B> 0 D OO B B B B B B P B BB o » A & G B B B B B B B
Lacargrdr /
D O D fefafelr B B B B B B fx e P e DA D O = RS bbb b B B B B B B B B
~
& |
I
5
"] - g .
: S T S —— a3 = = - S S W T S o T e e T T e B Do
v P O 1 b oo B S g D
v ﬁﬁd«??????\a msw ¥ pa - e G G G G A GadTd DY QG > B& B O
¥4 a/ LN Q49 9/9 Smm v yo 4f T e a4 A ol aaasedd 2TV AN -
944 eﬂddﬁydr&d.&.&.h\&l&\.mlﬁl N s> Y 9/ v ar, q@w Adﬁ#ﬁﬂﬁ#ﬁr&lﬁlﬁ\bﬁh\%%a%//d w\v\qﬂ PN
AﬁPVQDvﬁddwb&.b.b\h‘A|A‘d,@ﬁﬂ ) Dmm 45&57&«@44%&.&.&.&\&\%&\&1&1‘@%) d//b_w._v\ﬂ 4ad 79 9 4y
94 aabrpry 4 v @ a2 8 2 & < b bbb Mw_n A»PPVQAvAvPAA.mhbbbAVV,% vmvbbbbvg_q
P, ¥ -_— o
A4 anboop o b A& 4 4 4 o o oo SR A [t daasossbosi> ¥V b p P YA o Q&&A"v._i, /O ’
N A 4 AAADODD - b b o e B T LI b4 aasbands> b A & 4 A p 7 TR
WWMWWWWWWW?W?VVWWVMN@@Q MMW?PP?PP?V??PPW.WWQQQA&
= o= ks G ALSGE D B B B & fa B B P P TR
PPPPPPPPPVV?VWVV@.WDWQQ«QQQ. U A o AABLSS D B & B A & B B DTN
b A bsaaband b > = B B B b Fl vewery U A A L AABRSD S B > B B B B B b B Emr
b o oobnb e B > b B B o e B eeorre 0 A A A asssbpb & B b o B D P P EROTT
b D Db s > > B B b b > O TP ~. [ & & B OGGB B B B B B B B - B D O OPDD
S
o™
1]
5

DELT = 5.0D0

TIME: 0.0 SEC,
TEWMPERA TURE

271 M/S

) =24
DELT= 5.000
Fig. A. 1 {Continued)

TIME: 0.0 SEC.
YEMPERA TURE

2.71 M/S

J =23



—— & TIME: 0.0 SEC. K=5 TIME: 0.0 SEC.
FERA TURE
271 M/S T T 0 271 M/S TEMPERA TURE

DELT = 5.000

K= TIME: 0.0 SEC. TIME: 0.0 SEC.
2.71 M/S TE:;{:‘L"SGE” 271 M/S ® TEMPERA TURE

DELT = 5.000

TIME: 0.0 SEC

- . TIME: 0.0 SEC.

TEMPERA TURE = TEMPERA TURE
271 M/5 DELT = 5.000 2.71 M/s DELT = 5.000

K=+4 TIME: 0.0 SEC. k=8 TIME: 0.0 SEC.
2.71 M/S “;‘:f_':;“:}:on 2.71 M/S TEMPERA TURE

DELT= 5.000

Fig.A. 2 Vector and Temperature Field Plots in r-& Planes for Steady-State Condition

GG1-68 OTV6NL ONd



PNC TN9410 89-155

DELT= 5.000

TIME: 0.0 SEC.
TEMPERA TURE

2.71 M/S

TIME: 0.0 SEC.
DELT= 5.000

TEM FERA TURE

o b

[
B
A
[

TIME: 0.0 SEC.

TIME: 0.0 SEC.
TEMPERA TURE

TEMPERA TURE

2.71 M/s

DELT= 5.000

= 5.000

DELT

2.71 M/S

olab

B
\7_
/1
4
7
&
s °
-
e el
TIME: 0.0 SEC.

5

oo

K =1

TIME: 0.0 SEC.

TEMPERA TURE

DELT= 5.000

271 M/S

TEMPERA TURE
DELT= 5.000

2.71 M/S

5.000

TIME: 0.0 SEC.
_DELT

TEMPERA TURE

271 M/S

TEMPERA TURE
LT= 5.000

TIME: 0.0 SEC.
BELTY

2.71 M/S

Fig.A. 2 (Continued)



PNC TN9410 89-1

14

4

TIME: 0.0 SEC.

0.0 SEC.
= 5.000

TEMPERA TURE

BELT

TIME:

2.71 /S

K =21

s 5.000

TEMPERA TURE
DELT

K =17
2

v

[
.S

v

N4
r
dAD
-

D

»

0.0 SEC.

TEMPERA TURE
= 5,000

DELT

TIME:

271 M/S

K =22

= 5,000

TEMPERA TURE
DELT

TIME: 0.0 SEC.

2.71 M/S

0.0 SEC.

TEMPERA TURE
= 5.000

DELT

TIME:

2.71 M/S

K =23

0.0 SEC.

TEMPERA TURE
= 5,000

TIME:
DELT

2.71 M/s

= 5.000

TIME: 0.0 SEC.
TEMPERA TYRE
DELT

2.71 M/S

K=24

0.0 SEC.

TEMPERA TURE
= 5.000

DELT

TIME:

2.71 M/S

A. 2 (Continued)

Fig.



by v

Ab
1

» Vv
b v v

i
3

K =25
—_
2.71 M/S

TIME: 0.0 SEC.
TEMPERA TURE
DELT = 5.000

Yagwaaad < <

TIME: 0.0 SEC.
TEMPERA TURE
DELT = 5.000

K =27
ST
271 M/3

TIME: 0.0 SEC.
TEMPERA TURE
DELT = 5.000

TIME: 0.0 SEC.
TEMPERA TURE
DELT= 5.000

Fig. A. 2 {Continued)

booooor > ™

TIME: 0.0 SEC.
TEMFERA TURE
DELT = 5.000

DD{PPGB

K =30
tzo .
2.71 M/S

TIME: 0.0 SEC.
TEMPERA TURE
BELT = 5.000

TIME: 0.0 SEC.
TEMFERA TURE
DELT = 5.000

271 M/S

TIME: 0,0 SEC.
TEMPERA TURE
DELT = 5.000

GGT-68 OTV6NL ONd



aa s PV

I3
r

VVVP
vl
v re
vvvf7£

9

“vVVVVvP
vavq
LR AT-N
R LW

K =33 ) =
e TIME: 0.0 SEC. K=37 TIME: 0.0 SEC.
* DELY = 5.000 2.7 M/s \'5::5:2“15’?:00

A o
ii‘;>>>> > » > P
K =34
TIME: 0.0 SEC. K =38
PR TIME: 0.0 SEC.
2.71 M/S TEMPERA TURE TTZFiM/S TEWPERA TURE

DELT = 5.000

Mmoo & > > > b BT
K =35
TIME: 0.0 SEC.
2ES TIME: 0.0 SEC.
271 M/S A e 500 TEM PERA TURE

DELT= 5.000 _

— 16 —
Yh oAb b @8 Paa

TIME: 0.0 SEC.

2.71 M/S TEMPERA TURE
DELT = 5.000

Fig. A, 2 (Continued)

GG1-68 OTF6NL ONd



PNC TN9410 89-155

Posaadaadas s VlaannndN 7 AH
ProsoancnapspspppVaAdANT VP Py
VPLbLrLLL0PPPPRIVNVYPPRPPY

VPPPLALALLLPPPP PRV YPPPRI VY

COPLPPLLALALLIPPP PP
VP Pllrvosssnsbr,bPppp
vVP DDAABZAAADPPP?

‘R F-V-V BALPPPPP
P Aaaa<aasasb PP PpPPYY
VhbvquqﬂdAAPPP?VVVVWV‘F
4 dddd 4 vO¥ LLPPPYYYVYIYYY
Mddvvoored VT \VVVVVVVVVV

hoorroooooadddRIvryyyyey

P
4
4
P

~9ww
RAA D

4
14
4
4

AR
“u<w

e L e A T R X 2 ]
Ay
VQQQ4A§§kQ&&A&QQQ\VvaVV
TYTI4448 880 I VoY
A AR R R RSN 2 R |

R EERRRELEE R SSI L tAAL,
U YRV RNy y

¥
¥
i
v

$ 3 g

49
i
v
v
N

TIME: 0.0 SEC.
TEMPERA TURE

—_—
2.71 M/S DELT = 5.000

Podawesde T v py FEreropansd
PAAAT‘%_‘: vhbiddoweoaad OAB
FPladquuwvridAddgyeodUNyyy
VPPaavvvvbb\AAAAAAQV Ty
vgggﬁvv»bbgiﬁ

3\7» vwvbbzﬂd
VO Aoynnaaddd vy
VP opanddaddddf4dagn YVyyygy
forvodaadadadfddagedvgyyy
MvovoroysdddlIdoenrITgyyy

Qg
<10

/
Aqvwvvvvvvv7vvvwvhq ‘AL AR
A47155;0>‘>vv7'vverwm>Aq TVTYY
P A S TSI v

Ao oD orrraAAdAdYYYYY Y

bQAAA/AAAQAAAAAAQ<Vvvvv‘7V
VVQAﬂqquvv5§§vwwvﬁvwwvv

Zvyévvvvvvvvvvvvwwﬂvwvvv
VYV R PRR P PP PV I Voo g

TEMPERATURE
DELT = 5.000

Pocdudada-aad dDanonnsddd ¥
ProncaaaceaaasPIqaqaadqevy
FPrhcawwaaaaalPPIVPY YV VY
FPPLroAdavaw<waalbLPPPRRYRY
FyPPLoavawawwwaalpppp

g‘vl Ezzaqvvvqu<‘\»k7?§

v
y
<AV OWGILL L P PP 14
v

<=
qaa

v
4
VPtnaguguguwadlblPpppy
[PAassesSoTquaslPPryryyy

A N 4442 T2 )
Wd9ada40a888a> 777977775
HvvvorroreoooaddNII9yyyyy
avv>.>m>5m>aamv\41\i‘ivvvwv
>bamAéﬂk&A«AAAA4aﬁywvvvv
AR O N N N R SR 22T
7YVIe4daansanannyqg\w vy
vIidiasannnnannnaqgdvey

vvvvvvwawanannnanw@ﬂvvvv
R 2R EEEEEEREEEE R ST RiAARY

s

1 =14
_— &
2.71 M/S

TIME: 0.0 SEC.
TEMPERA TURE
BELT = 5.000

Poasaew<cadwawe>oononddl
Vdbsaaaw wouppraadqAddYy
Y PPAawNY VNV POLLVILPPVIVY VY
YPPlauwvwvwvvygaaltPlPPVYYY
37 Péjcvvv;:gvv:z-gggsgv
IR TS A NSV 244
Vooagdoooovhbo vl PPvyyY

e e NS\ 24442221
Vasnpsnabpaasay 'TIVVYYy
qvvvadqqqdddvvvxé\“VVvayw

“<ea<
<gae

44vwl>|>vwv>|>x>>\>>1>\\q AAAAA R
dqvbmmnAmmnmmmmAA\vv AR
hraaslanasananaaaiyyyyy
VVQQQAQQ&QAA&&&&EéﬁvVVVV
YY9994444a4aannasasyvyve

vvquqqqi>;<§§\§\qw%vwvv

‘ARRAI aaaaad 4

rereey w:wéiEAJ::;;‘v;::
WWVVVWVVVWVgi%}“ g? §§§§§
i

G c-caa
(@ 9-gge

TIME: 0.0 SEC.
TEMPERA TURE
DELT = 5.000

_— &
2.71 M/S

Padaaweaaag vbvvbbbbbmhAq
Vhoadaeewvobbago 224449y
yPlaawwwvwverbbbpp PVTVIVYYY

ARE
Yo 444888484449 d99>TTVvyyy
KT TTIIIICIIIIIS \><\Vvvva
dovrerrrrorrrrerhd Ny Y gy
Ad‘,uumnmmnmbbbbbml\\QV‘vvwv
AVAQ&QAAAAA&B “T“Q‘VVVWV
Nid4a4aasaaasanadadiiqyey
v 1
Vvquq44a«<AAa&mhqq\vvwv
\ARRRE! ﬁﬂqs«a«a«&q«qvvww
\AARSEARARRARGER] qﬁﬂvvwv
YT YTIIIYITSAafqyylyryy
wvvvwvvvgg%ggggwgwi gggg
R
X2 20 4 Py

4 22544
4

@ @ 9<ae
o <~

TIME: 0.0 SEC.
TEMPERA TURE
DELT = 5,000

[ =16
=T .
271 N/S

14
4
By Ll

e e bl AL N
Provaepeqyvbbadrreanddany

VYOV IIIIIIIINIvraT Ty
Aqvvvvvvvvvwvjvwvbﬁq ARAA R
Adv%&Abbbbbw/éw?DbAq \RR AR
Adl\&ﬂmmhu%w&bb&ﬁj IVVYY
AQQQQAAAA&’AA&&&A&;Q*Q VY
vidaaa QAAAA&A&QINQ\‘QVVVV

1 " aq
vvqiydquqq« «aﬁw%vvwv
LAAFRARAS LA RER ERERY T Fgs
AR RR IR R A AR EERE I P

vvvwvwvwvgg;g§§v \ER LA A
Y & XA

i ead i
vy N ,. Q %PD

TIME: 0.0 SEC.
TENPERA TURE
DELT= 5,000

L e e AN A A ]
pLoa Gﬂﬂﬁvva:&ddvvvma«&s
PP Laadeev e DR A4 444532997y
vV 2 aagaouubd :2 FVRAARER]
VP bA
vy Ay hRasd4d
vV Haguppaaddjddday Sryg
1;JVBAA45444 44433 YYVyy
Ao qaaa44444ddayq VVVvy
Progodddddd4i4ddago 1vvyyy
doovyoerdddfdIdogrIV¥eyyy
P N R R L L L T R
saFovogvavoemnatryyyy
J
AAci?/wvvtpfvddvvu“‘\VVVWVVV
Aagorrperrrest 99Ty pgyyy
bAgU v el AN VY YTy y gy Y
<o ﬂvvvvv5§$vwvvvvwvvv

vv}ﬂvvpvvbppppwwvvvvwvvv
VY S8 sssrssrrrry

yYVYY
vgppppppAAAAADPPP pyveEYVY
BRpPPOLAADLLY
BEERRRAEZSSSSSERTINY Y
<y VP PPLay
NN ¥
B AN il ¥ & T3

TIME: 0.0 SEC.
TEMPERA TURE
BELY = 5.000

———
2.71 M/S

[ e VA A )
Progaeass &Addvvqusé 949
VPAiaﬂﬂvvbth::ddV“ v
yPPhaguvpbh Y9v9vy
|ggLpaverais ﬁﬁﬂiﬁaVVVg

RS ERNITTEREEEILE 42001
ipib;ggdddd 4443 }zvvggg
V¥ g gaaddd i fdddg g vvavyy

boooaqdddddddaq s Tvgyyy
Hooooroadd dddda g Tropyy
Adovooodddddddayg, VVPPPYY
44 344{44444v“779vvvvv
AA%V%VG 444444 VPPPppRRYY
LA G I FIaddeA L PP PP YUY
AA447%44AAAéZ$wwppwwvwvv

D A N N Y S R R AR

b b
_‘?A%‘, 52344AA»WPPPVVVVVVV
kaADAAAAAAhAPP?Pwavva

LDppLranaspp pp k4
QAAAAA44444A Eprrevd
R2aas%55352

Syasanas

4,

S5t Abb
P b
¥ b;:bw

4t ~ree

d A

b
ABEIITODDTZ 444 boIISLEA

WIAAVVVVVVQAﬁP?pVVVVVVV

Daaw SN 9 vA7 o rreannnd
Pojéfii§:§v544vvv>»a

v P ‘Aaquvbkﬂgid & q &
VY7 hLaqgpb bl diﬁg %é

vV Pleagaanad daasPvgy

SIS b at aLd
SPESYEEESEIR ST 24854
VI fodad444 34 44 vy ey
I¥eggaqdd 44888, Lyyvpyy
Coooooaddddibsa, csvvvrre

tovoroddd8E4b 0\ opp PP PP

;;q444¢£d¢A§§&Aopp»ov
EfIafaasinnansS5Boay,
baloaft 48488880 cospppr s
Ml ddAdaabdbnanpppppiyy?
8L 4le QAAAABvapp;??quhV
ALAA’MAAbbAbbS}gpppppwV"VV
AAA;dnSggbbvabpppvpvvaV

4 4q
44

A YOV VIEaLp

»
vgzs::§=s£A»§§

; vvdﬂﬂﬂﬁqu‘ﬁ
S

pRYYVY

i

4

4 vasbl apan
47>>,444£mq#4sbv4A»AvAAA
sqopda 48442539 0 53T 088
44 o dd MAF}¢$LVAAA4VBAAA
A4vvﬁyddby¢¢hbv¢ﬂAathEZ
Bagalaftaabdddygnsnaubbbs
Shaddidadbbaddn yasnnqudbby
AP§$?AAA$@¢AAb4,»p<vbAAA
bR 4AAAAB AR ARG s s ngpnay

M

AAdardbbBbY Ly ppa
b b b& A
444 DEOR X w0 p s p o oy

ap 22a
3 -3
3544423

AﬁAﬂVV"VVVV‘ddd bVVVV\?\)hldA A
IV Addddddodd < bqvvvv:ﬁ,5A 4‘7\7vv]a4 ngdvpvvg bVVV*"*,’/v b vv}/ ASS AP EETUY ) vuwd Yo,
1=20 TIME: 0.0 SEC. =21 TIME: 0.0 SEC. t=22 TIME: 0.0 SEC.

TEMPERA TURE

[
2.71 M/S BELT = 5.000

TENPERA TURE
BELT = 5.000

—_—
2.71 M/S

Fig.A. 3 Vector -and Temperature Field Plots in €-z Planes for Steady-State Condition

TEMPERA TURE
DELT = 5.000

—_—
271 M/sS



PNC TN9410 89-155

Fig. A. 3 (Continued)
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