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Dynamic Analyses and Experiments on OWL-0

for Computerized Control

Shuichi Mankin
Div. of Reactor Engineering,Tokai,JAERI.

(Received June 29,1973)

OWL-0 (Oarai Water Loop-0),a boiling-water loop for the out-pile
tests with JMTR, has been automated by means of a direct digital
control system. The results of dynamic analyses and experiments made
for system design are described,including formation of mathematical
models,inherent dynamics,control characteristics and the comparison
with experiments. Propriety of the linearlization of such a multivariable

system is also discussed.
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Table 1-1-1
NOMENCLATURE
Symbol

Al,A2,A3,...
As,Ast,

AvS,Av10a, ...

ot ,a23,

b

-Bm, Be, ...
¥m,Yc, . .

D1, D2 D3

n i

f1, f2 f3

g

gc
h1,h2,h3,...

hfl,hf2,hf3,..
hs1l,hs2,hs3,..

Hs,Hc,Hst,

-1

Lso,Lco,...
Ls,Lc, ..
Mw,Ms, .
P1,P2,P3,...

AP12,AP23, ...
APv5,APVE, ...
APmp, APcp, ...

Qn,Qst,Qn

R1,R2,.

s
T11,Tlle
Tlec,Tlce
Tloce,Tlo
T21,T21c
T20,T2o0cC
ut,ulz
ull,u12
All,Al12
Vi,Vs,Vc
Vev
Vsj,Vsm
V1i0a,V10b
V18a,V18b
V16

Vm
Wfs,Wft
Wes,We,Wet

X2,X3
Y12,Y23
pw,ps
pl,p2,p3,.

T

. JAERI-M 5336

Description

' ‘Cross-section of pipes '1,2,3,
. Gross-section of Separator, Surgetank
Control valve v5 VlOa,. aperture

Voidage in Testsection, Pipe 23,

Fractional boiling length in testsectlon
Main pump,Condenser loop pump H.Q.cokfficint.
Main pump,Condenser loop.pump H.Q.coefficint.
Pipe 1,2,3,...Diameter.

:Jetcondenser Spray ‘condence efficiency."

Testsection,Pipes friction factor.

Acceleration due to gravity

transfer coefficient.

Enthalpies of water,steam or mixture.

Saturated water enthalpy at point 1,2,3,..

Saturated steam enthalpy at point 1,2,3,..

Equivalent heat transfer coefficient for surface

condensation in Separator,Condenser,Surgetank.

Pipe length

Separpator,Jetcondenser,... length

Water level in Separator,Jetcondenser,...etc.

Mass of water or steam.

Pressure at point 1,2,3,...

Pressure at point 1,2,3,...

Pressure drop across valve

Pressure drop across pump.

Total electrical Tesatsection,Surgetank,Pre-heater

heat output

Martinelli TPF friction multiplier

Laplace transformation operator

Main cooler,Condenser cooler first floe inlet temp.
center temp.
outlet temp,

second frow inlet temp.
outlet temp.

Mean fluid velocities in TPF section

Main cooler,Condenser cooler heat transfer coefficient

heat transfer area

Volume of pipes,separator,condenser,...

Spray control flow vaive

Separator to jetcondenser,maincooler flow control valve

Maincooler and bypass flow control valve.

Condensercocler and bypass flow control valve,

Condenser loop flow valve

Main flow control valve

Mass flow rate of water flashing in separator,condenser.

Mass flow rate of water surface condensation insseparator

;testsection,surgetank.

Steam exit qualities of TPF region

Vertical displacement of pipe.

Saturated water,steam density

Mean densities of TPF region

Time constant

—6 2



|
|
1
|

JAERI-M 5336

97856
(9 zL1)
(b25°2)
(9:221) 989z
(rzs°2) DEE"0
(b25°1) 18270
(7 01} 2' 201
(Z'80T) ¢ 60T
(162°1) 162°1
(£7SOT)SLTSOT
(9°8T1) + ¥91
(9°5¢1) S 912
(9°2£1) 9°892
(0ST°1) 6v0°0
(0'ev1} 1°€52

opoi ]

L6TT70~
S2E° T
SZZT"0

TL°94LT
SLL°F
0062
0 06T

98790

X TA ]

8ISF 0
LEL'G

FANA T4

L6270~
S2E°T
S§£°0

i878L2
BLL™Y
£ 62
£7Z6L
19094
LEBT ' 0f
SZIv -0
LEL™Y
£°262

L6ZT 0
T4 |
SEE°D)

LE0LE
BLL™Y
0" 067
07067

6L65° D)

FSRIT O

SE1v O
LELTY
0' 062

{0'8L1)
(ov9-0)
(p91°q)
( )
( )
(005 0)
4 )
(99°0v1)
{€°pST)
(0-8L1)
(o8t 0}
(o°0s1)

SYPT 0~
¥z6z"l
SBE"0)

§L'2L2
BLLP
L1t
LU16z
L0850
LE6T 0]
0LBE "0,
LELY
L1162

9°'854
{0-051)
(s8v°0)
2L VBT
LEVPFTO
Iz 0

[He A

ROVPZ
8592
8°¥8Z
£612°0
0992

LETZ 0"
988" T
005" 0,

00r9°0
1°992
e
2782
2°282
LEPYTO
0861°0
98z o}
LEL°9

/|
396/83
RERYE

LR FALEL|
20s /8y
REEYEY

3/ 180

34/ 1e0y
285 /8|

By /1e0y

ay/1eoy
y/1e0y

By/1e0y
295/ 3y

By /10y

ESTELVE VALEE
Ao /2y /3 /Ty
m

95 /3]

By /1e0

385 /TRy
/1
ERFALEE

295 /3y

dos /8y

2as /3y

288 /189

8§°¢LE

By /1804

Z3d

9Ty

STy

(48Ty) 921y
(6Tn) €1y
(A8TM) Al TH,
(¥21Zy)°TZy
(03224} 0o2y
(27Zy) EZy
HU.LNHD UN...—
(B8TH®eTy|
(F1y) o1y
(LTy) Tly
(EBTH) 1Ty
(61y) €Ty

9dpf[syp
Sdp/(Jup
$n

LTy

.v._”n_

udp

OH:

3y

1Ty

STy

fav|

3%

§°961

(y

£0'2S 7961 £b 96T 0°0S1 34/ 1e0y ey
891" ££61°0 PSRRI LSE6T'D S51° 0f 2as /By 0z
L't 1°599 1°599  8°t99  9'%L9 /189y Ly
L' Py 1'599 1°599 8199 9 piG B3/ 1eoy| 9y
6z80'0| og¥0'0] §£0T'0] $£590°0| 16¥0°0 J05/3y Boy
ggrs 0| 88¥s 0| 88ps'ol TOSSTO[ SIPSTO /3 /3y 9dp/ {sdp
ceg 1+ sgg'1-| S€8°T-{ STETI-| £98°1- A /3 fuf By 9dp/ [3op
628070 9£¥0°0[ 8SOT'O| €£5%0°0| €LL50°0 das /8y M
1°599 1°599 17599 899 £°5.9 By /1e0y sy
0067 0 062 0706z] L°T162 6282 /108 L3y
97454  974SL 9254  8°'s§se £°592 </ [3d
90°1¢ 907 1L 90° 1§ 65 1%, 8¥ LT /B8y fsd
00970} 0090 00970 p09'of  00S°0 a Y|
SZ°19 s2°19 5219, 529 1278 o /3y 94
05L°1 05L°1 054°1 S LS4 A2 /3 Stay
0SL°T 05L°1T 054°1 RV LY 4 A /8y 65ay
g 26z g£Uz6e £ 262 £Z62 9°98z /ey Sy
689'0F  689¢°0| £s0£°0l L1ZET0f 6GOEZTO d0s/dy SM
6280°0 9€v070| 8£0T°0| £5%0°0| L5070 oas /8y ™™
11°61 1161 11'61 11°61 06'€£2 EELFARER ( u
z'L82 0°Z8Z{ S6'18Z 1°482 ¥ 18z By /Te0y Ty
s¢8T 0| LSOT-0f £1Sz'Of  6B9TO| 000Z'D — X
LTP99|  LP99 L ¥99 L9999 pL9 /122y 3Isy
Sybz 0-| S¥vZ'0-| Stvz o-| Serzi0-]  L9Z 0~ m/TN/3/TEDY adp/asup
[Z7A v6T° 1 v6z°1 z62°1 ee 1) /8437100y 3adp/agup
zoss 0| zossco| zossto| zoss'ol zopseo < /33 g/ 3y wdp/1sdp
z58°1-| zs8°'1-| zssoI-| zsg'i-| zssti- <23 fu By ydp/1zdp
0°¢9 0% 0'£9 0°59 ¢°09 Al /3y 3d
9°£5L]  9°4SL 9°LSL 9* 254 0'09L /3y 330
sg'1g| S8°1g S8 1% S8°1¢) 0°62Z gt/ 3y 1sd
¢ z6z| s'uez| £'eer|l  £°I67 9'98Z B/ 1ROy 3y
9180 S51L°0| 6958°0 008 Ol BLEL'0s 5 1%
8TIS#-0| SZIv 0| SZIE'0l 0L8€°0] ZBBT O 395 /3y 4%
BTS+°0| SZIv'0| - SZI#'0l 0L8E°0] LBBZ'O d0s /Ty in
(zog) [484 8SZ¥
108 wny| Qrg uny| I7§ uny SOT umy| £Ig uny LE8% s1TW]  eyqeraep
101 ouapy
*Apnys worjeTnUIS ayl uT BUTSh snfea [BTITU *2-1-1 OTqEL

R




JAERI-M 5336

( VLML I ELORFOMELOY ¢ LIV OR ¥ N EEHENEZOMO)

ueISBIP OTJRWAYDS 0 - TMO gt
! -T-1 *6Td
g I-T1-1
2/] _E.m;_
) ure ]
o %E LBl _ - 210 T 7/
1914oy-21 ' [OTO0 N
H-9id eT1AY [ QITAV
wnd * uon
P BTL ATTM ot
Y M s dund utey s
WAY LT
0 . !
RORLCLCHE 191000 UTR
MYOOT bTut 571 T00D] UTEN
uoT3108Ss WSAY
159, 61" SH xa740D
1TM
m «7& 1osudpuo)
(L) A 81" M
ZM ZX T5AST 35D {4 .
D oum,ﬁmm*m iy 8y B
=] sm § su (430N SoM A 8LV
. z9sudpuod uMM AUE 1 rokoon ag1y B8TIY
a8ang 5~ (8/)
ojeredeg / 6TU
M .3>i m
.w‘ 3
@ S s5e1g 0ZU‘0ZM N ()

@\.

JI25UqpUOD jJor




JAERI-M 5336

BEEREs A A FEEFREF S EAiigoanconissealimss jaE35" SRSE3RES TE ] ; = 2 23 EEaina pan s Sammt AR NRRGS pagty cxE=o 2 e
%07317enb y1ve mweag:py | EEFRLRE seTiltEnd Jyxe weaig:iFy i B : B5 i rtenb ::w, :
- o v 3 = - TR EREE 233 aEa EogAEaAfz=z==az NN S XX RRE) § 3 e - N

T S B
sep3TIEnb 3rxe l-uur.mnww_
g T

n3

g

PR
sBrpron:

(N B A i3 R

w3 /By SZT8° 0 Je1IT0 UOTITEEISBL: w3 /8y S7TE AVTING US110253501:
, INERG] E = T E

93RI MO13 SSEm 38T

SRERREY

|
P |
A SANN ANET]

"B9QT F-9S0T 2-BpQ1 2-B¢0T1 9~BZ0T “‘P-BIOT Uy
n 1—-1-z

SOTUWRUAP JUSIDYUT YO0IqG YOBO JO BIBP UOTIBINWIS T-T1-7 ‘314




JAERI-M 5336

mERBENDEaCSacEERzn e

305/81 B505'D SILL HOTT sEW zoRIRdegIgy F

N

FERaE GERDE 220 [FEANREEARALIEL DY :_:zm@%liil iiE
ouw..?_ g508T 0 93EI MO[F SSEW ._nu.; uterp xagwrvdegion

=

almr

JRAFAEEARaAN
ECRLELLET

Adyeyyva wees rejervdog:

LA LES WA L]

_Bwucn 109EA ujeap Iagmiedésigy

EEEICHESEEESSEREEEREEECEES

3
=

R;f:u IaYEM UyeIp Iajereda;

RN RARASNZ DS AR

eanssoad woyasesyse)

S i

Ioﬁu.ﬁx o

.

ssuad

s

i

i T
IRANEEEN

N NS

T T T T

TR T T

80¥ —d0

@ 1-1T-2¢




JAERI-M 5336

pingact 222 ez nninny azaan s g

3wz AO[3 SsEM sejem upeip Iejuiedagich

FIRAEN

G3EL MOTF SSEW WESIS IPIPIEARS:pM =

=

k£l

TE] 11699

uteap tejeredey: gy

|
| BER e A= AR R RS CSE EEREE 5 RSN
srnsgesd uopioesise)




JAERI-M 5336

PP

ueTIE sUspuOs AeltS IASUSpUOIIAL JO BIEX M

013 SEBH:

Ea35za s B2z oy agakagan

.hn:-__u:u wWEOE

Bl ag o RREANREE]

39/T89 006 Ldreyius tajes

|
5] N

{IiEe g

T e o e
eanssead xa

LY

.

ww /3y 52719

EETEECET
[P25/34 gLot

BE S

07062

L]

axd 195uspiion?

ImSASENSNNUSRGN AN NN S BUNSNENET £




JAERI-M 5336

ur BuTysET3 ORFANS reama 30 ayer Wty nn#.GL

S =

IS SLERL ERARA REARNACANA RRRRE Lot mo=a SEEE AS2A L
yue3ading Ul GOLIRSUSHULD

=ga st ks oA R n WA SR ARE

RSUSPIIOD BARFINS X

i

BRxARERTESE2C0S CREX ARREN | NERs
XOSUSPUOIFAL UT UOTIBSUIPUAT . 23784 FO
T T

R

s ZaSHAPUOD 1AL JO BITX MOL

|
B iy iowy i A= 8 B3 S s ol B Bt £ T = T =
F10Y O D6T Adjeuyjua IadEs urelp yueisFangigy

Y RS K
fTEDN 07067 AdTBue X33EM UTEIp yuwldfangtg

osu:

AERRAARREp pEERS 2 Hpat
g

i3

=

A SZ719

T
=1
Ty

¥ > t
P T T T T,




JAERI-M 5336

]
pz-19'¢2- 0°2- or- 310°S- Q' v- ot1- 9z~ 0'Z- 09- S'I- 02— Tox3uod ‘duwsl
0's | ST | s0 0z | oz| o1| os| s1| 80 0z | z'1 | 80 JOTUT UOTIOAE 358
0I13u0o *dus
i _ ) _ _ _ 0z- |s'z- | or- ot- | o'v- |os- ot }
01 0’1 Q1 09 02 02 13T73IN0 I8TO00 UTel
Z2°0- 00s- 0I- SZ'0- Qse- ¢~ _ _ _ 92 0- 0se- 0c- [013u0d aansssad
1°0 082 0°8 2’0 00z 0c 270 00¢ 01 IOSUSPUOD 10[
q'Z- 001- 0"+~ S 0- 001- 01- _ _ _ ST 0- 09- 0°8- 10I3U0D
0°'1 aov 0 ¢ Z2°Q 0S| 0°8 AN ot | 0'9 [reasT xo31em Jojeaedeg
"3tq § caur | uten [ c3rq | caup [ uwveo| c3ra | c3ur | cures| -3ra| caur | ute9
10I3U0N" A° [qBTIBA 10I3UO0N" A ISUOY 10I2U0N" A*TQEBTIBA T0XIUOT" A" 1SUO)
Pai 1013100 od€ 8oe1d pate[od POIT0X3UOD 30U oI odB[d PBIETOL

HHLIWVEVd "G*I°d Y4LLFd d00T TOULNOD DOTVNY

‘1-¢-7 °14BL



JAERI-M 5336

Gain *10 Gain %10
0090 | T — T 100.0 /= —; ]
S I o] _— I8 L L]
[ ' | [ ! '
——— : S o
i ' ! P
‘\»T:W -+ ' : L 1]
T I \ 10.0 i \ / V.E-/
100 = e —— ! ' 1N ]
e . AN
™
| \\ A l\u} 4
1.._.1 : : ~ H ‘ -‘ H
T : : AN ; L '
1.0 ,-" = - Y 1.0 : : “‘ l:,\"\
; L T ~ ! Y
I =L S ! 1 —
. N ; . i M
Integral tire s N (Integral t1mq ‘
— T hON T I — li
—= | bddosek | | “ = | | s000sec
0.1 ) i IAN ’ 1570
=5 T . 5
|
| l , !
| | | {
0.01 sammle time 0.0l _ samnle time
0.1 1.0 10.0 100.0 0.1 1.0 . 10.0 100.0
Pre Heater outlet temp. contrel Main cocler ocutlet temp. control
Gain *10 Gain 49
100.¢ T T — 100.0
- | ]
J - n :
T 1 ‘ , tegral|tim
E:‘:\::\\ 4; ! ‘ -\\ cah
. Nl X T ‘\.\ [eLvL v -1 p—
‘ o Lot : . 50 batioed
; | . ™.
10.9 — N \ ‘,, L 10.0 -t ot
TTTRONONLE S
Ll NN e RN ™
+ ' . 'ﬁ . ] — \
| NN \ i ! > ~
-— ‘\\\ | ‘ N \\.\\'\\
; 1 M ~\\\ ) \.‘, \“a-:\
1.0 : L WY i 1.0 ‘-‘ \.\
1T e . AN
3 D SV N
Integral time| \ | .. N
=] | [100 sec N " ™y
0.1 Tor— % 0.1 "
5o —1 — !
T .Y - :
i N
0.01 | ] - . 0.01 :
sample time sample time
0.1 1.0 10.0 100.0 0.1° 1.0 10.0 100.0
Jet condenser pressure control Separator water level control

Fig. 2-3-1. Each sampling control stable region

(seeking from hybrid simulation study)
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