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Development of Leak Analysis Programs from Through-Wall-Crack

; e
Hidetoshi SHINOKAWA, Katsuyuki SHIBATA
and Toshikuni TS0ZAKI

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

Tokai-mura, Naka-gun, Ibaraki-ken

(Received February 9, 1990)

To introduce Leak;Before—Break (LBB) concept into the piping design
standard of the LWR pressure boundary piping, LBB research programs are
actively conducted in many nuclear electricity countries. It is cne of
the most important items to evaluate leak rate through the pipe wall
crack to shut down a nuclear power plant safely.

At JAERT, a test on the leak rate from a cracked pipe under BWR or
PWR operating condition has been carried out from 1987 till 1989. This
test is planned to measure the leak flow through circumferential fatigue
cracks in 4-, 6-and, 12-inch diameter pipes and through slit specimens.

On the other hands, it is necessary to predict and znalyse the Leak
flow through a crack for applying the result of the tests to the structural
design standard including the LBB concept.

This report describes the some computer programs that calculate
crack-opening-area, the crack length, and the flow rate through 5CC or
fatigue cracks. In these programs, a crack-opening-displacement
calculation is available based on modified Tada-Paris equation when pipe
geometories and pipe stress conditions are given. The leakage rate
caleulation is based on Henry's homogeneous nonequilibrium critical flow
model and Moody's slip model with several modifications to account for

friction and fluid conditions.

+ Department of Research Reactor Operation
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Kevwords : Light Water Reactor, Leak Rate, Leak Before Break, Computer
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List of Nomenclatures and Abbreviations

Flow Sectional Area

Cross—Sectional Area of Exit Plane
Cross-Sectional Area at (Z=12Dh)
Cross-Sectional Area of Entrance Plane
Crack Length

Entrance Loss Coefficient

Crack Opening Area

Crack Opening Area due to Bending Moment
Crack Opening Area due to Axial Force
Crack Opening Displacement

Hydraulic Diameter

Young's Modulus

Friction Factor

Friction betﬁeen Vapor and Liquid
Friction between Wall and Liquid

Two Phase Fluid Masgs Flux

Average Mass Flux

Critical Mass Flux of Exit Plane
Critical Mass Flux of Entrance Plane
Specific Enthalpy

Stagnation Enthalpy

§lip Ratio

Total Stress Intensity Factor

Stress Intensity Factor due to Axial Force
Stress Intensity Factor due to Bending Moment
Crack Depth

Bending Moment

Axial Force

Exit Pressure

Stagnation Pressure

Critical Pressure

Pressure Loss due to Acceleration

Pressure Loss due to Friction
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Entrance Pressure Loss

= AP +AP +AP _+AP
area

£ 1

acc
External Energy

Mean Pipe Radius

Average Surface Roughness

Hydraulic Radius (=Dh/2)

Specific Entropy

Maximum Allowable Stress Intensity
Maximum Entropy '

Temperature

Mean Velocity

Ultimate Tensile Strength

Specific Volume for Mixture Flow
Specific Volume of Vapor at Exit Plane
Specific Volume of Vapor at (Z=12Dh)
Specific Volu@e of Liquid at Exit Plane
Specific Volume of Liquid at Entrance Plane
Specific Average Volume for Mixture Flow
Leak Rate

Vapor Leak Rate

Liquid Leak Rate

Quality

Quality of Exit Plane

Yield Stress

Direction of Crack Depth

Void Fraction

Ratio of Specific Beats, (Cp/cv)

Two Phase Flow Density

Shear Stress

Bending Strees

Axial Stress

Half Angle of Circumferential through Wall Crack
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2.1 The flow Chart to Solve Leak Rate through a crack
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Fig. 2.2 The flow Chart to Solve a Creack Angle
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/////>//f/ Sk \\\\\\\\ Liquid Region

. Liquid Region

\\

/!

Fig. 4.1 Moocdy's slip model
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4.2 EHEOR

kO EHEYAS THROEBENERY D OERFKEGR, ABKAICELT -CETE S,
HE - T, .

W a U, 1—-a U: ‘
A L g g (4 1)
A X Vg 1 —x Vf
HL,
- W, W
X 74V 7T X = = (4.2)
’ Wi + W, W
A, A,
a a4 N a = = . (4.3)
Ar+A, A
K :## ERa8E 0 #E
K::Ug/Uf (4, 4)

4.3 —HEeRICHEFTAIIRILE—L D08

HRBRALEHASINTHLE (q=0) Ly sy v CREEOTRICEHFIIHEBICKH -

GZ

he =h + [x U2+l —x) Us?} (4.5)

—6550 @EttK:Ug/Uf%Fﬁb\( (45) K%Ebﬁ&’

2 1 —

ho = {h¢+x(hy-he)}+ {xVg+K({1l —x) Vi PPx(x+ - )
(4.6)
£ B,
4.4 EHEEFEA
R TCIEBIEESE B8, REOERSRAGUTOBD TS 5.
HeEn s Ete,
8(p UAY d(pU%A) o(P A} p U?
+ - = — — Af (4.7)
9t , 0z 6z 2Dh
B, MBRB-THERSY) DEBRELALBL, RAEERRTS 5 LORE LS
3 (0 UA) '
—jﬂ———=0&ﬁb, (4.7 K4,
3(PA) (o U*A) o U
n N =0 | (4.8)
3z a8z 2 Dh
L5 5.
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(4.8) RAC=0 UTEEHMA, BHET LI ERAPBON D,

d G* dA i d(PA) (£ 0)G"
e O D = -
dZ oA d7Z A dzZ 2 Dh
i(4. 9)

—EREERARE LTV 0T, EUH2ERIAAZ=0 £UD,

d 4P (f0)GE

d Z iz 2Dh
BESND.

(4.10) ROEDEFEEICLIDAELIMEAZEETH Y, GHARANEATH L. HEF1
Fh L UE2HE, TAFEBLUTEREERTH S,

2T (4.7) Hp 5 (410) ROBAEL LUKy, UOHBEHEKETHIAT 5.
Moody® F LR AR ZMATH 2 D2 BAKICHEKILL, M- Tva T LB FTOHBAL
b, Ko T, EBBERFENAZEZTA5. AAHERRNIEFHO L L THE

d d
4 u ZA - 74_"(PA )—:_ Fm (414)
a7 g~g g 47 g 1
wAREEEA L
d d
o UgPAy =— —— (P A;) = Fin = Fwanl (4.12)
dZ dZ

T O R %mm&@m%fﬁb%mﬁ BT, Fuwn QEEAEELSZITLIEENTD
2. 41O HoBWEASHEEOSNEELELTVEOT, BEEBOHIREOSIC
WTEETINLT L, (411 K& (412) RFMEENE, A=A +ATH 05,

d d
_"(ng:ngg+IOfozAf):_—(PA)“"'Fwan (4.13)
dZz dz

peUlA + o UPAs=pUA (4.14)
EB <, 36l (31) AL T |

W=AG=0,U;A; +o:UsAr=p UA (4.15)
Lda, (314), (315) AR3ALZATHRLT,

pUt=p Ugla +ps Ug?(1 —a)
pU =pgUga+pos Ul —a) (4.16)

LExEa NS, (316) & (3.1) XEHVT,

1 [ 1 pe U1 —a) }
— = x +
0 Pg® (o Uga)t

Vg Vi
=x? +(1 —x)*
a 1 —a

(4.17)
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BRens. o1 pHhREo (321) XDV, &b,
4.5 ZERIEAIEDEREDER

ARABREEL, BELEFLASO0 HACEG F BRI (410) KX b,
dpP ‘
—— + 4P, +4P¢ =0 (4.18)
dz
THEI LN, AL, 4P, dNEEE, JP; ZEEBETED,

d 1
4P =G*— (=

édz 0
f 7o
4P= G?
2 Dh
ThH b
INEEBE AP, I, TSR OMHSMETFAOEER 7 vy L _HFEOEEOR LD,
d x¥V, (1 -—x)'V;
4P, =0G* + (4.19)
dZz a | —a _
AN
&5, (41)~(44)RIDEKFEAVEaH,
1
= _ (4.20)
1 —x Vi
1 +K¢( -
X Vg
ETL A,

(419) BT (420) XL b,

d I —-x
APa=G2—-[{K(1*X)Vf+ng}(X+ J}
dZ K

(Val (4.21)

[ vV, (1—x)va

1_
[{K(l —x)Vi+xV,}(x + KX)}

NEgohd, CTT,

THY, THEEZEMARICEBLLACLICEIDE OIS HAROLERERETLETH S,
BEEIEK 4 P 13,

t
4Py=—" = Vv (4.22)
D
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THD, V=Vi+x(Vy- V) ERATEL,

GE
2'{Vf+X(Vg‘Vf)} (4.23)

f
APfﬂ—'
h

BHRLN L.
(4.21), (423 XL 0 EHHEAH,

4

t
dP+G2de*’D—- VdZz=0 (4.24)

2
E D .
(424) HAREAELT, UTHHENHEBEY YO THERTKE Gc ZXRD L.

4.6 EHHBKOER

S AEEET ARAOZ I AENEROERICE, UT03 LBHBFEZ LN 5.
(1) &HEE (Fig.4 —2)
ABEHOMSKEREFETHIFAHBET, CCTREAHEPTOHCVEEHFELT=7 7%
OXAEMOTEEEZR{ 2Kk 5,
1 R h
::==210g<~———> 4174 (4.25)
Vi 2
e i (47) RpTHEHAINS.
2 =ZACTOH M
ﬁnﬂiaéﬁﬁaﬁ@%kmﬁﬂﬁb,ﬁ@ﬁ@%ﬁ?ﬁﬁé$m$bﬁﬁ®%%ﬁﬁc
5, FABREFADO L EDIKITKET S, (Fig.d — 3)
(3) ZHPEHO > AL (Fig.d —4)
x@p AOr oL EssTcicingis o, Fofhiisrn (Shkb) BERESEBT
AEITIDENRESEL D,
PUE3->oFEHBEEHD S, ), Qo sBUANTORRRFZRHBEBEOSQDICONT
2, SEFRLAZMOODYDERKEEFVORMBHE 70 /7 At 3RBKENTH AL,
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’/W/é/
2O

* Fig. 4.2 Friction factor

\@4
Vil

Fig. 4.3 Orifice contraction at the inlet

Fig. 4.4 Turns in the crack path



JAERI-M ©¢0-050

47 CHRERBOEEL

Moodyit, HEELEBS T _HRSKI Sy s v EEMRNE T REAOHERRR
% G, & BBEO, BHEHLE JFEI&@JEEJCI:i%i‘E@}:thﬂ@S%ﬁK%LL\&%X_,

K:Ug/Uf:<Vg/vrf)113 ‘ (426)

FRE\LCHE, (Figd —5)
chilt, EEHKEFAPEEIMRYTH L ERE L,

dGC=(2G. 2P)edP+(2GCG.72K);dK=20 (4.97)
KWEBWTHBGEBAKELELHDLEBERY

(2G/2P)K:O
(2G. 7 2K)e =90

POEE D,

/Jﬁpewml
/2422107%Z4777
Vg FUg 3 ~ Liquid Region
Vi Us -  _ Gas Region
Vg EUgg - S ;¥55f~f~fLngd Region

///// / 2

Fig. 4.5 Slip Ratio
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4.8 ZBAOHLFUF A ELVS

BBEO A Y F B ik, (48) RicRT MK Ao F -KEOETO L3I
kboh b, ‘
EREEE - ELHELTLADTHBCRABAT ETH 5. H-T, (46) X%,
Moody® BE L TV EEEH (K= (V. / V)3 ) ZHOT, 72‘")7?4 XD TEEYT
RELITORILET S,

1 VRN
(I———)(le——> X ©
K v

g

Vi Vi o1 Ve
F L =K 0 2K F o (1 8K ) x 2

g g VE
2V v Vi he b 1
+[ R T SRS Bl - B e }x
kv, Ve Ve Vet GES2
ho— he 1 Vi?
— T (vg> ( 4.28)

(4.98) RERT 74 Y T4 xD3RACEFBHRIARBCLEENPOBOMMTH 5005,
CEPREBEZACLICEN /A YT+ xERETE S,

ﬁg4—6K,#%&Lf,ﬁ%GﬂNMG@/m%@%%@EﬁKﬁT%?%U?4£%
T

RO FAE TS v b o EEE Fig 4 - TioRT . Figd — 73, E#icT >~
hoeS, HiEICENPERL, HLRBCESACBAONBICR T Y b o ER[LER
+., BZY, G=1T146kg "mPsDES, EAHP=218kg cm*a s TR FLAE, ¥ o
EREBARER T '

g R Ak,

dS./dP=0 ( 4.29)

THHEML, Ty FODEBRADEEDODEIPERLE P05,
BL, zvhroESEsA) T4 xOEETEHD,

S=8:+x(S;~-5¢) (4.30)

THAON S
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4.9 :ﬁﬁ%ﬁ%scmﬁﬁﬁﬁdﬁﬁin75hm’

THERGE G, 1, EEARERR (4240 X, 74T F B ERT (428 K, EREMH
(4.30) ZABVEB T L ILER TS,

(424 RAEERT D &,

Dh 1 dp AV o
dZ = — - { + 2 )
£ GE 2V V
CORAERBAOIASIHOZZTESL, SRES (WE) Liikogikdosn g,
2 Dh 1 4P AV a
L= d7Z = — ( + 2 ) 4.31)
jl f f G& 2 W % (
(431) RASZYRL /Dh & EFEEGH [t LD EXocbd 5 &,
f 1 p1 dP P2 de
L= -2 4.32
Dh G/ 2 fpa Vv J;z vV ( )

L5,

EAERKE G, & LEBAEHN P, 25 ANE, RBICHR->TAPEGENSBRTL L
BTOETLKY (4.26) RE0BSh, —Hr7F ) 70xb (426) ALDKRFES. oL,
KB ENE AT 4D, TOMBTOREET, V, h, S, Va iR 5.

BT - T ED 7 4 —soskEhid, (432) RoGZH 1HEBLIUE 2RO RER
SNEITTCELOT, BB -fL/DhisE £ 5. BREME, (420 RickhEZL6
haoT, Smax D UEAkSNE, FOHAMBEAARE G E -l sOHOEH LTS,

PlEDBIZ LTEED G, P, #5403, 2D & SOMBEMFEIL. Dhs X UREIKH -
FENRTORERBEE 5.
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5. HENRYOERFEEF L

5.1 g@i -«b- 4)(5}{14)

oA FZNLWER THE L LIS, RERFET2MEEKIEY 77 — ks L CREM
MK&F D KODZEWERE Dy &
4 X ZHEE

B EE
TEHRT H. BHBHETEL. Dy BEEL NI A -5 &5, £/, SRHRAMSIER
B2 5 RTHES.

Fig.5.1, 5.2 ICE8A@EB TS FRORELELANICRT., SRICH->TUTRERT 3
BOMEKEED D

fHIE 1 C 0=L . Dy=3

COEBTHBEK Y« v PEBEREN, OB RN E DL,

G2 3L Dy=12
TOEBRTRESEASERENS. L/ Dh=12 2 TRERBTCH -~-TOEDE—ETH %,
fRIE 3 'L Dy=12
WY 2w PRITHEBERICTS, SRR - TEABpdtRlr - THL T 5.

Fig.s ~3RAHTEETZ2HOTIEEH 28 (convergent crack) D EERT . FRIC
DNTHETONRE ZERT S

(1} CODGiL@Zc&kb;‘ﬁEL’Cd\éw
9 FEMBUEANIKKH T A2R0IEEDLL T,

)

(5.1)

Dh:

3 ﬁ%/l/FiL/Dy42Tm% CHAEE L, COSETHEHENSHIIFEBTH S .
@'ﬁmiﬁrﬁﬁﬁﬁéiéc
R 0=z 12Dy HEfbidsd, x=0&353,

5.1.1 HEERAER]
HREHEAE/T AL SR EHNE HROoBEEERNE

G A = const (5 2)
bLABzTHA LT

26 G dA

‘ - (5.3)
dz A 72z
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5.1.2 @ﬁ%&ﬁ%
BEERFED NI

Gz dA d(pAa) (f./ p)G?
G* (1.79)— = - - (5.4)
dz oA dz Adz 2 Dy i
(5.4) WO FoLk3ic LTkE b, dRER-THMNESHYESHEEELLE, ALPE
\ Bloul)
BHHRTEHEH G =0+ LT
d(pu?A) d(pA> o u?
- ~Af (5.5)
dz dz 2Dh

L4 3. (5.5) OLDBRBEE/EABLEMCL - THUBNEEH, ALEANIEATS -
TE IR FE AR, FOTEREBRLTHS, BEEXOERAL L TERLITBY LD
HE%

1
Ap=f——pu?® (5.6)

ou? ThHIiohs, CNMBHEAE 2T

THINE, BENEXEonwTELAEE NG

h
THE. (55) ZG=pu AHVTHESEL L LIARAE
a(outA) 0 GEA
= ¢ )

dz 0z e
0 1 2GA °G G* 0 A
=CGfA— (—)+ - (5.7)
dz p o ¢z g9z
(5.3) & (57) KflAT A&
d( putA) o 1 G2 6 A
=G?%A (—)— (5 8)
dz dz p g 9z

A (5.4) OEBENS, BEEEGHRAOHELE L THRRENLD
THEZON G BRIZED L.

5.1.3 2R EHNEE
(5.4) A0 (z=L) #5A0 (z=0) $Tz20THETL, XTicB - -EHE

&ptotal :Apl'FApacchAparea +Apf { 5.10)

LENWCAEIOERGERRED TAL L, A 1, ALDEXRTH-T (62) ZRHVAL
G02V10 - G62V10 A
Z2C* 2C* Ay

(5.11)

Pl A I
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THEBLHD > LHEERACLEENRTR (5.4) DHIATERSN D,

Lo, d
Apacczf G iz (l/lﬂ)dz
v
L d .
=[ c: (C1~x)vitxv,)de (a2
0 dz

(5.12) KBWTHRE (5.4) 2FEETHiTdvy /dz=0 £455DT
Apacc:J;m G? sz dz +IZLDG2
:62 ({1 —=%x) v +XVg]¥§1Lz]D)
= G? [(1 = Xe) Ve P eV oge™Vig
=G % (Vge— Vio) } (5.13)
(513) KB Tx(z2=12D) = 0B LTV o=v.o GEEHE) ZMALL. GEEHETSH
’J(

{1 —x)vig+xvy}dz

dz

- Gt+G1? G#
G?= > = {1+ (A A%} (5.14)

E o T (5.13) FEBETK

2

C

APace = {1 “J'“(A»C/Al)z}{xc(vgcfvlo)} ( 5.15)
P
REMEEBEO YBEBE(LICIZENBRTE2EHS (5.4) OF2HLD
L G* O dA
N\ Darea = d
P fg IOA. dz z
ac GPv
=/ dA
AD A

AC V
GiAZ — dA
fAn A
G A _ Ao
7;["10{_ I +(—=)% 1 +x (Vg‘*V}U) {_1+(T)2}J

0 i

[

( 5.16)
(516 OFEIRILEBBNT
ac vV AP Vo ac Vit X (Vg — Vi)
A= d A+ dA
IAD Aad IAG Aa f.qi A3
EL, GUE2HOBAHECE VTV (AL x(A) DEETRROARELDOT

L
xdz

t2n

PR —

fL xdz

12D
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BLU
; Vgcrkvgi (517)

HAEHEEAGEHRL Tx (v — Vi) PIEEREHOAITH L o
BRICEERICELIENB T (5.4) OEAIFTERELN,

v 0 G*
/;\pf:f — dz

] o 2 Dh
f L
= f Givdz
2Dy Yo
f i
= J1 G¥{xvg+ (1 —x)v,oldz
2D0n Y
G _ _
= . [{ng+(17X)VN}UM/Dh—m)] (5.18)

L%, Dy Bz KREFT BELAULTLADTEAODARNLTH S,
EEESK 2

1
f = r/(z;plﬂ> ' (5.19)
THABNS., *HOKEE AT EEL LN HOT Nikradse DX (4.25) &M TH Ml
T 5

5.1.4 (OEH&EREBEE & 0BG _
DLET (5.10) TEHLAIHOENBEENEE - /2. SHNOCHTZEHREDICS
BB EEDHETSH LM '

pc:po_épmtal :F<Gc)

G2 AL A A
( )2+‘{1+(“'—)2}{Xc(Vgc*Vm)}.

L
2 C2 Ao Ai

=PpPas

A A A
+V10{17(4_)2}+X(Vg—v10){1*('—)2}
Ay A

+f{x vVg+ (1l ~x)vi} (L. Dr=12)] ( 5.20)

L g, (520 KB TopARLBIIKE G, MM T TEALS 0, wETCD G, %
KL,
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b2 Zﬁwﬁﬁgqéﬁmggctumauu

G:2RDBICY-TLUTDREEHRT 2.

(1) &WPoHENBEI AV T+, BF LT 2,

(2) Zo#E, AhEHEEEEnu, ui=1 &35,
3 0=L,/Dy=12THx =0
CoREC S LT G @

dvg . dx
GEm o (xmf § (v, v S (5.21)
dp dp

EEDEL, CLTTFREFe OB 2REBERL TV S,

L/ Dnz12 OFKTREBEEBTESEBHT ST S, »DFig.5 -1, Fig.5 — 2
R LAaE 2T EAWRBEMICBET LT S4L512M 3, Henty 3~FEHBAKHNIC L 52 1 5
AEAROAMAEEIRCET 2 EKBRAZRALL (1) . ChEFVAEL D212 0
fAmIC BT ‘

dx dx g
— AL {5.22)
dp dp
EL A, T
::2OOXF XE<005
N=10 g = 0.05
Sp™Se
P Ve
Sy 5
INEHHLT
ds
q (Iﬁx)dl+xdg
X p P
. Je (5.23)
dp Sg — 8

Th-TRFEZRNENEERELZ R L THED, T RTOREEDLZOMAMEIR, FHEML
EARREEFELAE I TAANFENTHEELSCET AL EARL TS,
SO SHOTFHHERISFELE oL ET

dve vy

i _pr ( 5.24)
Fr=cp Cv
THEION B, (522), (524) % (521) WHRATHIT
' Vg dxg
Gé= (x —(vy vy N- 3! ( 5.25)

pr dp
ET S,
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BHEAD 74 Y7 o x BIREEESICENTZELT

x=B{x.r—x)d(z. Dy—12)

( 5.26)
L TAS, LK
B= 0.0523
Xir = Nx: (5.27)
Thbd. (520 #z=1Dy{x=0)¢z=Lx=x )¢ 0BTHESTZ&
x::xLTEI-—eXp{-? _ (z-L)}J-+xeeXpE—~£%(z-—LJ]
(5.28)
3D, =12Dy Tx=07R55M4%E (528) KATHE
Xe=Xer [ 1=exp{-B{L . Dy—-12)}] (5.29)
g5

Na, T/ (528 %z2=12D0, &z =LolTESLTIOXMBicsdsEH 741
F o4 ERD B L

—_ 1 L
x=—"T"T— xdz
LflzD_lzDh
X e 1
=X L1 (5.30)
B L. D,—12

mELN 5. _
RARMIT (5,20 & (525) CA2RIMFKWETS G FROHEFE V. THiCBHEOREN

AELIRTLORLIET G . A2bdd, HNBELNLZFT— s RSBBERE EEAHEER,
BETHD.

FrHARNBEARCEL TGV SRBEEREFEERVLOAD» S
1
Po— DPe =—pu? (5.3
2
G=puwx
GxJZP(Uo_DB) (5.32)

&f&iéu
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6. WMHEBEBEHERPITFAR v s 7 A

6.1 MOODYEFLICLAEEXRNGNEARIETOY S L US

EECEUAMNEEE LA ORBELAHE TV 07 7 2 &2EK L, BRARED
HEICIE, MOODYD MR EFLER VT A,

AAF— REEOE, AE, WE, o, SRHERARKEO /AT T «, BE, BTG,
SHMEMPETH 5,

HAE, maelEs2oIgEn, sRHEOERT Y o, T vd vy, THD,

Table 6. 1 CHBEFAREICLEZHENY A M ERT,

HEFEIR4Fig6 3R UFigbdnr7o0—F v— beiRd, FBFHE 7 —F v - biTlE
S THHTLLRDEIDIIEE S,

(1) *'COA, CODRU «@it®E (Fig.6.1)
FURERUOEREOR, AE, o, Py, P,2ANTH2ECEIVCOARUCOD% Tada~
Paris OXAH VTR, BEHEEZEEL TREBRME « 2R D 5,

2 BMiumgmEZolEAREGCORE N

FMRAROHER, v 74 —-F " MOODY" (Fig.6.4) T 5, +7—F ¥*MOO
DY @, HRAFKBGCAE5Z2FILLD, HBEH «PBLNE T 0/ 7 L0OT, o b5k
DCEBRBITHLEEZR L TRD 3,

3 wEWOIHE
W=COA Ghok¥bs,

4 +7v—5F*"MOQDY”

4T —F Vv MOODY 3, ZEAATAPLERFKECEANL, REBEEH « 2RKD5
Tus T LThHD, HABARBGLIEAHENPESZA NG, REBCH->TAPKTREN
BETLAMNB TOESLK M (4260 RLDBoE, —H7 1) T74Xb (4285) £
REB, &abie, KHonks ) 740, TOUNBTORKERT, V, h, S, Vm#BRE 5,
REEIC>Tl ED/¥F A —shkInF, (432) XoHIFE 1 HBLUH 2HOEMEE
ABEITTELOT, WMBIKH-7 L/ DhHEx s, BREME, (429 RickbRE 3,
Ty b ALt AERIERIREISD AL DT Smax DMNEERONE, TOAHKERRM
BCoOMOHOSRELNME, (Fig 6.2)

* ] IHIHTO S LHDESE T O —F »— FOLEBROESICEDETH S,
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PRESS QUALITY v
698330.
596330,
694330,
692330,
690330,
688330,
5856330,
684330.
682330,
680330,
678330,
676330,
674330,
672330,
670330,
668330,
666330,
664330,
662330,
660330,
658330.
656330,
654330,
652330,
650330,
646330,
646330,
644330,
642330.
640330.
638330,
636330.
634330
632330.

Table 6.1

VA=A AN

JAERI-M 90-050

CASE 75 MOODY*S MODEL WATER SUS304 1GPH BWR 24B

£09.60000
31.00000
34.15000
$8000.00000
17.315000
69.00000
0.0
2.88387
2.BR38T

MAX DOES HOT E

DIAMETER=
THICKRESS=
S1GMAY=
E =
THETA =

346 ENTROPY
346 ENTROPY MAX DODES NOT E

346 ENTROPY HAX GOES NOT E

0.0
0.03000
31.00000
0.20000
G.0T04T
54.25319
5h, 25434
6733.10808
9.69731
0.06529
. 1.04526

Qx0=
EPS=
CDEPTH=
P =
coo~
ALFHAO=
ALPHA=
G *
CDA=

W o=
Vo=

700330.009
284,504
6733.10808
g.o
2000.000
10330.00%
90330.000
0.76328
54,254

PO =
10 =
G =
Qxg =
op =
PHMIN=
PC =
SHAK=
ALPHA=

ENT H
3o1.07
lst1.07
301.07
3gt.o7
3. 07
101.07
301.07
301,07
301.07
301,07
3o1.07
301.07
101.07
Joi.07
301.07
301.07
301.07
3o1.07
ipt1.07
jot.o7
Jot1.07
30%.07
301.07
i01.07
301.07
jo1.07
301.07
301.07
301.07
301.07
301.07
301.07
jo1.o07
30t1.07

0.001
0.001
9.002
0,003
0.003
0.004
0.005
0.005
0.006
0.007
0.007
0.008
0.009
0.009
0.010
0.01%
0.01%
0.012
¢.013
0,013
0.014
0.015
0.015
0.016
0.017
0.017
0.018
0.019
0.020
0.020
0.021
0.022
0.02?2
©.023

0.136D-02
0.138p-02
0.1400-02
0.14206-02
0.1430-02
0.1450-02
0.147D-02
0.148D-02
0.1510-02
0.153p-02
0,1540-02
0.1560-02
0,158D-02
0.160D0-02
0.1620-02
0.164D-02
0.1660-02
0.1680-02
0.1700-02
¢.172D-02
D.174D-02
0.176D-02
0.1780-02
0.180D-02
0.1820-02
0.184D-02
0.186D-02
0.188D-0%2
0.1%0D-02
0.1920-02
0.1950-02
0.1970-02
¢.,1990-02
0,201D0-02

MM
L]
KGIHM2

DEG
KG/LH2G
KG/MH?2
KG/HH2
KG/HH2

XIsT

X1ST

XIST

KG/H2S

KM?2

KG/§

GPH AT 60 GEG

EN SL
0.742
0,742
0.742
0.741
0,741
0,740
0.740
G.739
0.73%
0.738
g.738
0.738
0.737
0.737
0.736
0.736
0.735
0.735
0.735
0.734
0,734
0.733
0.733
0.732

ENT HG
662.88
662.94
662.99
663.03
663.11
663.17
663.22
663.28
663.33
663.39
663.45
663.50
663,56
663.61
663.67
663.72
663.78
663.83
663.89
663,94
663.99
664.05
664,10
664.15
664.21
664.26
664.31
664.36
BE4.42
664 .47
664,52
664,57
6b4.62
664.68

ENT §
0. 743
0.7T43
0.743
0.743
0.743
0,743
0.743
0,741
0.743
0.743
0.743
0,743
0.743
0,743
0,743
0.743
0.743
0,743
0,743
0.743
0.743
0.743
0,743
0.743
0.743
0.743
0,743
0.743
C.743
0.743
0,743
0.743
0.743
0,743

ENT HL
300.84
300.60
300.35
300.11
299.86
299.61
299.37
299.12
298.87
298.63
298.38
298.13
297.88
297.63
297.38
297.13
296.88
296.63
296.38
296.13
295.88
295.62
295.37
295.12
294,86
294.61
294,35
294.10
293.84
2931.5¢
293.33
2931.07
292.8%

292.56 0.728

—_ 27 —

ENT &6

1.392
1.392
1.392
1.393
1.393
1.393
1.394
1.394
1.395
1.395
1.395
1.396
1.396
1.396
1.397
1.397
1.397
1.398
1.398
1.398
1.399
1.399

1.399

1.400
1.400
1.400
1.401

-1.4901
T 1,401

1.402
1.402
1.403
1.403
1.403

MOODYZEFuiltARE &R LoD RER
HEA MY A

vl

0.1350-02
0.1350-02
0.135p-02

0.1340-02:

D.134D-02
0.134D-02
0.134D-02
0.1340-02
0,134D0-02
0,134D-02
0.§34D-02
0,1340-62
0.134D-02
0.134D-02
0.134D-02
0.134D-02
0.134D-D2
0.134D-02
0.1330-02
0.133D0-02
0.1330-02
0.1330-02
0.1330-02
0,133b-02
0.133D-02
0.1330-02
0.133b-02
0.133D-02
0.133D-G2
0.133D-02
0.133D0-02
0.1330-02
0.333b-02
0.1330-02

FINC

¥G
D.281D-01
D.%810-01
0.2820-01
0.2830-01
0.2840-01
D.2850-01%
0.2850-01
0,287D-01
0.2880-01
0.2890-01
0.290D-01
0.291D-01
0,.2920-01
0.2930-0%
0.2940-01
0.2940-01
0.2950-01
0.296D-01
0.2970-01
¢, 2980-01
0.2990-01
0.3000-01
0.3010-01
0.302D-01
0.303D-01
0.304D-01
0.306D-01
0.307D-01
0.308D-01
0.3090-01
0.3100-01
0.3110-01
0.312D-01
0.313p-01

YH
0.1350-02
0.1360-02
0,1370-02
0,1370-02
0.138D-02
0.1390-02
D.140D-02
0.1400-02
0.141D-02
0.1420-02
0.143D-02
0.1430-02
0.144D-02
0.1450-02
0.1460-02
0.1460-02
0.1470-012
0.,1480-02
0.1490-02
0.1450-02
0,1500-02
¢.151b-02
0.152D-02
0.1530-02
0.153D-902
0.1540-02
B.1355D-02
0.,1560-02
0.157D-02
0.158D0-02
0.158D-02
0.15%9D-02
0.160D-02
0.1610-02
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Bending Load P
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g Anput ; Pipe diameter, Thickness, Pressure
Pb,6, E, 0y, Quality, Roughness

¥

Calculation of COA
" (by Tada & Paris Eq.)
. ¥

COA, COD |

Solve ; a0(=f—,§)

( Nikradse Eq.)
]

- G1 = Gyoper K1)
<GL=G£ >

_ _5i1tGe
6=—5

{

MOODY modification
el (Py Gy y) of G

¥
MQOODY
(Po, Gz ,a2) method )

¥

MOODY
(Po Gy O}

{ by Regula-Falsi

No

y er, Glower:

(3)[ TERSIT, (x4 Qupp , G
i Estimated upper or

Po Qo.G. W | lower critical flow rate

END

Fig. 6.3 Flow diagram to solve the leak rate through a pipe crack

(Mocdy Model)
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4) MOODY
( Po,a.G)

—

|

P=P-AP

Solve X

S.h Vi Vg,Vm
Sy.5¢. hy.hg,

No

Yes

Find Smax

¥

Pcr =P at Smax

]

Exec. of Integration
Equation (3,7)

Y
a =fL/Dh

Fig. 6.4 Flow diagram to calculate
fL/Dh for given Gc
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5.2 HENRYEFINIILAREZUIOORREHEFTI RIS 4

o7 nYS5 LEHENRYOERAEF v 2T A Tada—Parisit £ 5 C O A %5l
S AL Lo TE A SOREBETES B, ANF - BEEOAE, HIE, o, 28E
B, SBEEEHE, BOE, NEMCEETS 5. £/, HHK, BREDHSOBRKE
e s 2o s+ 71, s, COD, COATHS, %, COT TS LTH,

MOODY®D7 a7 7 atdBR0, EEERTOSRHOTNEND LI EZENRERIDEE L
EETLEMNTE S, (Fig.6 6)

Table 6. 2 ICHIBAEICIEZHAN A FETT,

T4, FEFREARLIL 70 —F ¢+ — FEFIg 6. 50T T,

Fig. 6.6 Turns in the crack path
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Table 6. 2 HENRY CERAREFVICLZEF S » S 0RBEHE
; Tads LFER U R b

CASE 1 ASS5-1 4B SCil BO SUS304 UWR  SATURATED WATER

DIAMETER= 112.70000 HM
TIHICKNESS= 8.80000 HH
SIGHAY= 34.15000 KG/MM2 )
E = 18000.00000 N
THETA = 42.00008 DLG
PRESS =. FO,36600 KG/LHM2G
PO = 0.0 KGiHH2Z
M = T.74007 KGiMM?
PR+PH = 1.74007 KG/MM2

$.1.F AND CRACK OPENING AREA BY PARIS-TADA EQ.

THETA TETREFF™ PH rp FT FB SIFT SIFB SIF

0.7330 0,7356 1.7401 0.0 1.653 1.531 31.4867 0.9 31.4608
IT 18 AREAT AREAD AREA cop

2.10769 7.01378 1.7275 0.0 1.7275 0.028879

sx¥ STAGNATION PROPERTIES »=x

PRESSURE(PD)= 71. KGF/CH2A

TEMPERATURE(TO) = 285.8 C

INPUT IMBICATORCINY = 2 ---> INTTIALLY SATURATED LIQUIR,INPUT PRESSURE ONLY
BACK PRESSURE(PD}= 1.0 KGF/CHZA

xxxex CRACK GEOMETRY =wxxx

?C= T7h.16269 KM

CRUIVARENT COD= 0.02268 HM
DEPTH= 8.80 HH

HYDR. DIA.= 0.04535 MM
DEPTI/NYDR., DIA.= 194.0
ROUGITNESS NELGNHT=  0.3000D0-01 MM
AREA= 1.7275 MH=x2
PERIMETER= 152.37 MM
ARCA RATIOCAE/AQ)= 1.00
NO. OF 90 DEGREE TURN= 4]
HO. OF 45 DEGREE TURMN= 0

TIRESKOLD VALUE = 0.00100

axxxx DUTFUT mwexx

CRITICAL HASS FLUX = 0.3224D%03 KG/Hxx2/GEC

= 0.87R800-02 GPM/HH¥=2

LEAK MATE = 0.90250-03 KGISIC = .0.01430 GI'M
[FRESSURE AT EXLT PLANE = 1.1 KGI/LM2Z

RUALLTY AT EXLT PLARE = 0.2991

QUALITY AT UACK PRLSSUNE = 0.3012
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{ START )

f

Anpuf; Pipe diometer, Thickness, Pressure
Pb 6 E. O , Roughness

\

Caleulation of COA
(by Tada & Paris Eq.)

|

coA ., COD

EPRI'S HENRY Program

Fig. 6.5 Flow diagram to solve the leak rate

through a pipe crack (Henry Model)
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6.3 516ﬂkﬁﬁ§%ﬁ?%ﬁ%§§ﬁ§@%%7D75A(MOODY@:E%%?%
ICEBEE)

CoT O 61, 6.2 EREREARAELTENESASSHITEEZRDLT
0SS ATHLE, BRAETFAELTEMOODY EF v a2l L7,

AR F -y, BEOE, WE, WE, o, REREO 24074, BE, @FE7, 2
HETHS, REBTH S,

dz, AEsRos@fE, HASHOMIENM, HOERE, tvhoy, 250 eT
HbHo

Table 6. 3 CHEAFERK IAHNY A P ETRT,
HBERATLAE70 —F ¢ — 2 Fig 6 TILRT .



Table 6.3

DIAMETER=
THICKNESS
SIGMAY=

E =
THETA =
PRESS =

QX0=
EPS=
CDEPTH=
0P =
£0D=
ALPHAD=
ALPHA1=
G ™
CoA~
Vo=
Vo=

5.1.F AND CRACK
THETA TETAEFF
0.7940 0,7948

IT 18
2.63192 2.49587
NO PRESS QUALITY
6598330, 0,999
695330, 0,998
694330, 0.998
692330, 0,998
690330. 0.998
6588330, 0.998
686330, 0.998
684330, 0.997
682330. 0.997
10 680330, 0.997
11 67B330. 0.997
12 676330, 0,997
13 674330, 0,997
14 672330. 0.9%6
15 670330. 0.996
16 668330, 0.996
17 6663308, 0.996
18 664330, 0.996
19 62330, 0.996
20 660330, 0.996
21 658330. 0.995
22 656330, 0.9%95
23 654330, 0.995
24 652330, 0.995
25 650330, 0.995
26 648330, 0,995
27 646330, 0.995
28 644330, 0.994
79 R4E330, 0,994
10 640330, 0.99%4
31 638330, 0.994
32 636330, 0.994
13 634330. 0.994
34 632330, 0.994
35 6303)0. 0.993
is 628330, 0.993
37 $26330. 0.993
38 624330, 0.993
39 622330, 0.993
40 620330. 0.993
41 6i8330. 0.993
42 616330, 0.992
43 614330, 0.952
54 £12330. 0.992
45 610330. 0.992

DO O WA B LAY

JAERI-M 90-050

BEiZ o BEBAETAREZHAROHRE T RS 7 4
(MOODY®D M= Fric £ 28R FTES
CASE 98 MODDY PB=0 STEAM 8378542 1GPM BWR 20B SCH160D
508.00000 WM <
= 50.00000 MM .
48.30000 KGIMM?Z
18200.00000 .
%5,20276 DCG
69,00000 KG/LH2G
0.0 KGIMH?Z
1.25393 KG/HH?Z
1.75393 KG/HMZ
0.999%0
0,.03000 HH
50.00000 MW
0.20000 KG/LM2
0.10332 MH
45.42555
45, 44380
2130.44961 KG/IM2S
79.32048 HM2
0.06247 KG/S
1.000090 GPH AT 60 BEG
OPENING AREA BY PARIS-TADA EQ.
PM o FT FB SIFT SIFB SIF
1,2539 0.0 1.739 1,590 52,119 0,0 52.1193
RREAT AREAB AREA
79.8741 0.0 29.8741
v ENT H EMT HL ENT NG ENT 5 EW SL ENT 56 YL Y6 VH
0.2800-01 662.36 3I00.B4 662.88 1.391 0.742 1.39? 0.1350-02 0.2810-01 0.7800-01
0.2810-01 B62.36 300.60 662.94 1.191 0,742 1.392 0,135D-02 0.281D-01 0.2810-01
pD.2820-01 662.36 300.35 662.99 1.391 D.742 1.392 0.1350-02 0.282D-01 0.2820-01
o.¥836-01 662.35 I0O0.11 663.05 1.392 0.741 1.393 0.134D-072 0.2B3D-01 0.282D~01%
0.284D-01 652.35 299.8B6 663.11 1.392 0.741 1.3%3 0.,134D-02 0.284D-01 0.2830-01
D,.284D-01 K62.35 299,61 663.17 1.392 0.740 1.393 0.1340-02 D.2850-01 ¢.2840-01
0.7850-01 662.35 200,37 663.27 1.392 0.740 1.194 0,134D-02 0.286D-01 0.285D-01
0.2B86D-01 662.34 299.12 663.28 1.397 0.739 §.394 D.134D-07 0.2870-01 0.286D-901
0.7870-01 662.34 ?58.87 663.33 1.393 0.739 1.395 0.134D-072 0,28BD-01 0.2870-0C1
0.2880-01 662,34 298.63 6631.39 1.393 0.734 1,395 0.1340-072 0.2890-01 0.2870-01
0.289D-01 662.33 298.38 663.45 1.393 ©.738 1.395 0.1340-02 0.290D-01 0,26880-01
0.290D-0% 662.33 298,13 663.50 1.393 0.738 1.396 0.,134D-02 0.291D-01 0.289D-01
0.2910-01 662.33 297.88 663,56 1.394 0.737 1.396 0.134D-02 0.292D-¢1 0.72900-01
0.2920-01 662.33 297.63 B63.61 1.394 0.737 1.396 0.134D-02 0.293D-0C1 0.2910-01
0.2920-01 662.32 297.38 663.67 1.394 0.736 1.397 0.134D-G2 0.294D-01 0.2920-01
D,?93D0-01 652.3% 297.%3 663.72 1.394 0.7J6 1.397 0,1340-02 0.294D-01 0.2930-01
0.294D-01 662,37 296.BB 663,78 1.395 0.735 1.397 0.734D-02 0.2950-01% 0.2%4D-01
0.295D-01 6H?.31 296.63 663.B3 1.395 0.735 1.398 0.134D-02 0.2960-01 0.?2950-01
0.296D-01 662.31 296.38 663.B% 1.395 o.715 1,398 0.1330-0% 0.297D-01 0.296D-01
0.297D-01 662.31 296.13 663.94 1.365 0.734 1.398 0.133D-0% 0.298D-071 0.296D-0%
0.2980-01 662.31 295.88 663.99 1.3%6 0,734 1.399 0.133D-02 0.2990-01 0.2970-0%
0.2990-01 652.30 295.62 664.05 1.3596 p.731 $.399 0.1330-02 0.3000-01 0.2980-01
0.300D0-01 662.30 295,37 664,10 1.398 0.733 1.399 0.133D-02 ©¢.3010-01 0,299D-01
0.3010-01 662.30 295.12 664.15 1.396 0.732 1.400 0.1330-02 o.3020-01 ©.300D-01
0.3070-01 662.29 294.86 664,21 1.3%97 0.732 1,400 0.1330-02 6.303D-01 0.3010-01
0.3030-01 662.29 294._61 664.726 1.397 0.731 1.400 0.133D-02 ©.304D-01 0.302D0-01
0.30AD-01 662.29 294,35 664.31 1.397 0.731 1.401%1 0.133D-02 0.3060-01 0.,303D-01
0.305D-03 662.78 294,1C 664,36 1.397 o.731 1.401 0.133D-02 0.3070-01 Q. 3040-01
G.IRLL-0T KL, 78 250 R4 LLA AT 1,000 0,786 1,401 G140 07 f A0k 6T o 80sh- 41
0.307D-01 662.28 293.5% 664,47 1.398 0.730 1.407% 0.1330-02 ©.3090-01 0,3060-01
0.308D-01 662.27 293.33 664.52 1.398 0.729 1.407 0.1330-02 0.310D0-01 0.3070-01
0.3000-01 662.27 293.07 664,57 1.398 0.729 1.403 0.133D0-02 0.3110-01 0,308D-01
0.3100-01 662.27 292,82 6H64.62 1.399 0.728 1.403 0.133D-02 0.312D-01 0.309D-01
0.311D-01 66%2.26 292.56 66A.68 1,399 0.728 1.403 0,1330-0% 0.313D0-01 ©.310D-01
0.312D-01 662.26 ?292.30 664.73 $.3499 0.727 1.404 0.132D-G2 0.3140-01 0.3110-0C1
0.313D-01 662.76 297.04 6H4,.78 §.399 0.727 1.404 0.1320-02 0.3150-01 0.3129-01
0.3140-01 662.25 291.78 664.83 1,400 0.726 1,404 0.132D-02 0.316D-01 0.313D0-01
6.3150-01 662.25 291.52 664.88 1,400 0,726 1,405 0.1320-02 0.317D-01 Q.314D-01
p.3160-01 662.25 291.26 664,93 1.400 0.726 1.405 0.1329-02 0.3160-01 £.3150-0%
0.3170-01 662.24 291.00 6G4.5B 1.400 0.725 1,405 0.1320-02 9.320p-01 0.316D-01
0.318D-01 662.24 290.74 AG65.03 1.401 0.725 1,406 0.1370-07 ©.3210-01 0.317D-01
0.3190-01 662.24 290,40 665.08 1.401 0.724 1.406 0.13720-02 0.322D0-01 0.318D-01
0.3210-01 #62.23 290.2% 665.13 1.401 0.7%4 1,407 0.1320-02 0.323D-01 0.319D-01
0.3220-01 667.23 ?89.95 665,18 1.402 0.723 1.407 0.132D-02 0,324D-¢1 0.320D-01
0.37231D-01 KE?.22 7B9.69 665,27 1.402 0.723 1.407 0.1320-02 0.3250-01 0.321D-01
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( START )

Input : Pipe diameter, Thickness,Po,
b, E, Oy, Quality, Roughness, W

ol

—
|

Calculation of COA
( by Tada & Paris Eq.)

v

COA, COD |

Solve ; Qg
(Nikradse eq.)

' G
| (W=G-COA)

y

| MOODY
{Po, G,ay)

Modification of COA

{by Neuton method)
Yes |

| Po,a,G,0
|

Fig. 6.7 Flow diagram to solve the crack angle

{Moody Model)




JAERI-M $0-050

64 EAONEEAEAETARESHAEOHETOSSL (HENRYORRMES L
o kB E)

63 P, BEEAANT AFICLD, FAAGALIHONEXERDE TV T
5B C ol TEOAL-HE - o, SHELERS, RO, WE, FE, REEAH
D EBOF R DL BIFEATT 5, ‘

Table 6.4 CHEBICEBHA Y A b ERT .

HEFEEAR LI 79— F +— % Fig. 6. 81TR 7.
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Table 6. 4 BAONLRBEEEZHTIARESIHAEOHE 7o s 7 A
(HENRYOERAK® 7Lk A3HE)Y STEH

CASE 8 IIEKRY PB=0 SATURATED WATER S$TS542 SGPM BWR 288 SCHEO0 ¢

S.I.F AND CRACK OPENING AREA DY PARIS-TADA EQ.

THETA TETAEFF PM rD FT FB SIFT S1FB S1F
0.5527 0.5548 2.9279 0.0 1.434 1.371 101.690 ©D.0 101.6896
IT e ARCAT AREAD AREA coo
G.954B3 0.95829 56.7790 0.0 56.7790 0.193618
DIAMETER= 711.20000 MH
THICKNESS= 35.70000 HM
SIGMAY= "~ 48.30000 KG/MHZ
[ 18200.00000
THETA = 31.67011 DEG
PRESS = 68.99600 KG/CK2G
PB = 0.0 KG/HK2
P = 2.92792 KGIKMM2
PB+PH = 2.92792% KG/KM2

xxxx HENRY HODEL »wwxw

xx STAGHATIDN PROPERTIES =x=

PRESSURE(PQ)= 70. KGF/CHZA

TEMPERATURE(TQ) = 284.5 L

INPUT INDICATORCINY = 2 ---> INITIALLY SATURATED LIGUID,INPUT PRESSUNRE OKLY

BACK PRESSURE(PB)Y= 1.0 KGFfCHM?2ZA
axwxx CRACK GEOHETRY #xxxs

2C= 373.38108 MM
EQUIVARENT COD= 0.19362 HM
DEPTH= 35.70 HM

IIlYOR. DIA.= 0.30401 MM
DEPTH/NYDR. DIA.= 117.4
ROUGIHNESS MEIGHT= 0,30000-01 MM

AREA= 56,7790 MH=x2

PERIHETER= T4T.07 MM

ARREA RATIOCAE/AQ)= 1.00

MO, OF 90 DEGREE TURMN= o
MO, OF 45 DEGREE TURN= )
THRESHGLD VALUE = 0.00500

sxdkkx QUTPUT xxskx

CRITICAL HASS FLUX = 0.5556D+04 KG/H*x2/SEC

0.BB070-01 GPM/MMwe?

"

LEAK RATE = 0.31550+00 KG/SEC = 5.00031 GPM
FRESSURE AT EXIT PLANL = 11.7 KGF/CH?2

QUALITY AT CXIT PLANE = G.2096

QUALITY AT BACK PHESSURE = 0.34917

_.38._
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Input : Pipe diameter, Thickness, Pressure

Pb, leak rate, E, Oy  Roughness

9=90

Calculation of COA
(by Tada & Paris Eg)

!

EPRI'S Henry Program

Modification of © by
Neuton Method

W= leak Rate

Yes

END

Fig. 6.8 Flow diagram to solve the crack angle (Henry Model)
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6.5 EFFAY Y PASCOREBHE IOV SL (MOODYDRZHREFILICKEEHE)

coTuess sk, EAEAY y b RS, BMOER, &AM, WEEZALTELZEITLD,
2 P LELANMARORBEATET AT 0/ 7L THE, MBREOFHICEMOO
DY ZHHEEFVERN TV b, '

Table 6. 5 i FIREAT B X A HTIN A P %R T o

HEFHAER LA 72— F +— P EFig 6.101CRT,

' // Leak flow

Leak flow

Fig. 6.9 Slit Model
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Table 6.5

HO 1 MGODY BASIC

£0.00000 MM

LENGTHC2C)
PRESSURE

I= 351 ENTROPY MAX DUES NOT EXIST

1= 351 ENTROPY MAX DUES ROT EXISY

I= 351 ENTROPY MAX ODOES NOT EXIST

1= 351 ENTRUOPY HAX DOES™HOT EXIST
axg= ¢.0

EP§= 0.03000 HM
CDEPTH= 37.00080 MM

70.00000KGF/CM2

pp = 0,20000 KG/CH?2

con= 0.10000 MM
ALPHAD= 77.59198
ALPHA= T7.59002

G = 5718.60155 KG/H2S

COA= 4.00000 MM2
W o= 0.07287 XG/5

L 0.36619 GPH AT 60 DEG

PO = 710330.000

TO = 285.460

G = 5718.60155
oxQ = 0.0

op = 2000.000
PMIN= 10330.000

rC = 78330,000
SHAX= 0.77518
ALPHA= 77.590

PRESS GUALITY v EHT B ENT UL

708330. 0.001 D.1370-02 30%.29 302.
706330, 0.001 0.1380-02 302,329 301.
704330. 0.002 0.1400-02 302.29% 301.

06
1
57

7023130, 0.003 0.142D0-02 302.29 301.33

700330, 0.003 0.1440-02 302.29 301.

ca

693330. 0,004 0.145D-02 302.2% 300.84
696330, 0.005 0.1470-02 307.29 300.60
694330. 0.005 0.14906-02 302.29 300,35

£92330. 0.006 0.151D-02 302.29 300.

11

690330. 0.007 0.152D-02 302.29 299.86
688330, 0.007 0.154D-02 307,29 299.61
686330. 0.008 0.1560-02 302.29 259.37

684330. 0.009 0,1580-02 302.29 299,

iz

682330, 0,009 0.160D-02 302.79 398.87
580330, 0.010 0.1620-02 302.29 298.63
678330, 0.011 0.164D-02 302.29 296.30

676330, 0.011 0,165D-02 302.29 298,

13

674330, 0,012 0.1670-02 3072.29 297.88
672330, 0,013 0.1690-02 302.29% 297.63
670330. 0.013 ©.171D-02 302,29 297.38

668330. 0.014 0.173D-02 302.29 297.

12

666330. 0.015 0.1750-02 302.29 296.88
664330, 0,015 0.1770-02 302.29 296.63
662330. 0.016 0.179D-02 302.79 296.38

660330, 0.017 0.1810-02 302.%9 296.

13

658330, 0.017 0.183D-02 302.29 295.88
656330, 0.018 0,1850-02 3072.29 295.672
654330. 0.019 0.1870-02 302.29 295.37

6%2330. 0,019 0.18%0-02 302.29 295,

12

650330, 0.020 0.191D-02 3072.29 294,86
648330, 0,021 0.1940-02 307.29 294.61

646330. 0.021 0.1960-02 307.79 294.
644330. 0.022 0.1980-02 302.727 294,

3%

10

6472330. 0.023 0,2000-02 302.29 293.84

640330. 0,023 ©0.2020-02 302.29 293,
638330. 0.024 0.2040-02 302.29 293,

59

33

636330, 0.025 £.206D-02 302.29 293.07

634330. 0.0%5 €.209D0-02 302.29 2937.
632330, 0.026 0,2110-02 302.79 292.

82
56

EXT NG
6672.59
662,05
662.71
662,76
667.82
66¢.80
662.94
662.99
663.05
AT .11
663 .17
663.22
663.78
663.33
663,39
663.45
663.50
663.56
663.61
663.67

663.72.

663.78
663.83
663.89
h63.94
A63.99
664.05
664.10
664.15
ah#4, 214
664,26
664.31
664.30
664.4%
h6h. 47
664.52
hoa.57
664.67
6b64.68

ENT §
0.745
0.74%
0.745
0,745
0.745
¢.745
0.745
0.745
0.745
0.745
0.745
0.745%
0.745
0.745
0.745
0.745
B.745
0.745
0.745
0.745
0.745
0.745
0.745
0.745
0.745
0.745
0.745
0.745
0.7435
0.745
0.745%
0.745
0.745
0.745%
0.745
0.745
0.745
0.745
0.745

__41 —

EN SL

0.744
0.744
0,744
G.743
0.743
0.742
0.742
0.742
0.741
0.741
0.740
0.740
0.719
D.739
0.738
0.738
0.738
0.737
0.737
0.736
0.738
0.735
0.735
0.739
0.734
0,734
0.733
0.733
0.732
0.732
0.731
0.731
0.731
0.730
0.730
0.729
0.729
0.728
0.728

ENT
1.350
1.390
1.391
1.391
1.391
1.392
1.392
1.392
£.393
1.393
1.393
1.394
1.384
1.395
1.395
1.393
1.396
1.396
1.396
1.397
1.397
1.397
1.398
1.398
1.398
1.399
1.3%99
i.399
1.400
1.400
1.400
1,401
1.401
1.401
t.402
1.4072
1.403
1.403
1.403

56 VL
0.1350-02
0.1350-02
0.1350-02
0.1350-02
0.135n0-02
0.1350-02
0.135D-02
0.135h-02
0.134D-02
0.134D-02
0.134D-02
0.134D-02
0.134D-6G2
0.1340-02
0.134D-02
0.134D-02
0.124D-07
0.134D-02
0.134D-02
0.1340-02
0.1340-02
0,1340-02
G.1340-02
0.1330-02
9.1336-02
0.133p-02
0.133b-02
0.133D-072
0.133D-02
0.133b-0%2
0.135p-02
0.133p-02
0.1336-02
0.1330-02
0.1330-02
0.1330-02
0.1330b-02
0.1330-02
0.1330-02

EHEAY v b OORBEHRE T/ 7 A
) (MOODY® #MkEFL) OEF

¥G
0.2740-01
0.2770-01
G.¥780-01
0.2790-01
0,280D0-01
0.2810-011
9.281D-01
0.282D-01
0.2835D-01%
0.284D-01
0.2850-01
0.2860-01
0.2870-01
0.2880-01
0.2890-01
0.290D-0%
0.291D-01
0.2920-01%
0.2930-01
0.2940-01
0.294D-01
0.235D-01
8.2960-01
0.2970-01
§.2980-01
0.2995-01
g.3o000-01
o.3o010-01
0.302D-01
0.303D-01%
0.304D-0¢%
4.300D-01%
a.3070-01
0.308D-01
0.308D-01
0.3100-01
0.3110-01
0.312D-01
¢.313D-01

¥
0.1360-072
0.136D-02
0.1370-62
0.1380-02
c.1380-02
0,1390-07?
0.1400-02
0.141D-02
0.1410-02
0.14%20-02
0.143b-02
0.1430-02
0.1440-02
0.1450-02
0.146D0-02
0.146D-02
0.147D-02
0.148D-02
0,149D-02
0.150D-02
0.150D-02
0.151D-02
0.1520-02
¢.153D-02
C.153p-02
0,1%40-02
6.1550-02
0.156D-02
0.1570-02
0.1580-07
0.1280-02
0.1590-02
0.160D-02
9.161D-072
Q.162D-02
0.1630-02
0.164D-02
0.164D-072
0,165D-072
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Input; Pressure, Slit length, Slit depth
COD. Roughness, Quality

Solve 7,._‘,’0(: 3+)
( Nikradse Eq.)

y_
& -Gwmr&nj>
Iower

. _GitG
G 2
¥
MOODY modification
(P, 61, ay) of 6
|
MOODY [ by Requla-Falsi
(Po, G2 ,02) method )
¥
MOODY A
{Po Gy Q)

No

(x{} Gupper, Glower:
Estimated upper or
Po, 0o 6. W | lower critical flow rate

Fig. 6.10 Flow diagram to solve the leak rate through a slit
(Moody Model)
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6.6 BAERUY rNSORABHETRI 4L (HENRYDBERRETNICKDHE)

6.5 AR, EAFEAY v b b0RMBEHET L0774 THL. BREBOIEITIZ
HENRYOERBEEFTLEZA LT S,

Table 6. 6 TP EiIC L2 HhY 2 FEIRT,
Fig, 811ICHETIEAR LA 70 —F v+ - P 2T T,
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Table 6. 6 EERAY 9 b oOREERIETT 25 4
(HENRY OB R#H T #4) 0t EHl

FUNDAMENTAL X, xg807A

xxx STAGNATION PROPERTIES wxx

PRESSUREC(PO)= 5980. KPA

TEMPERATURE(TOY = 258.0 C

INPUT INDICATORCINY= 3 «--» INTTIALLY SUBCOOLED LIGUIR,TNPUT BOTH TEMPERATURE AND PRESSURE
FACK PRESSURE(PD)= E10.0 XPA

*xxxk CRACK GEDMETRY *xxx%

2C= 4.00000 CHM

cop= 0.05000 CM

DEPTH= 3.70 CH
HYDR, DIA.= 0.09877 (M
DEFTH/HYDR. DIA.= 37.5

ROUGHNESS HEIGHT= 0.5000N0-04 CM
AREA= 0.2000 CHMxx32

PERIMETER= .10 LM

AREA RATIOLAE!/AG)= 1.00

NO. OF 90 DEGREE TURN= 0
NO. OF 45 DEGREE TURN= 0

THRESHOLD VvALUE = 0.01000

kexkk JQUTPUT =xkxx

1

CRITICAL MASS FLUX 0.28480105 KG/M»x2{SEC

0.45150+00 GPM/MHxx%2

L.LEAK RATE = 0.56970+00 KG/SLC
PRESSURE AT EXIT PLANE = 3823.0 KPA
QUALITY AT EXIT PLANE = 0.0110
QUALLITY AT BACK PRESSURE = D.2017
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%

/Inpu_t; Pressure, Slit tength, Slit depth
COD. Roughness, Temperature,

l

EPRI'S Henry Program

|

Leak Rate

Fig. 6.11 TFlow diagram to solve Leak rate through a slit
(Renry Model)
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7. & 23

() HFHE4s 54— LBl RELORRBELK '

AR LT a5 A AR WTIT - EAEFigT 1 ~15ERT, EO7 077 6k,
— BB EITATO S,

Fig.7. 104, BEMEDEETS 5o 44 v F 5% S T S 42K Schs0iLE ICAE 7 MPa
@ﬁﬂﬂﬁﬁ@éﬂfwéﬁﬁf,%%%E%%W%%%®%5%%K%ﬁmﬁ%m1ﬁ%®
SRS ES, MOODYEFVEHENRYEF itk 20 RELRABBEREEHEL
oo sicl, REERRSCAELSFENb >Rt RO BREENE 533
H%mifﬁ<mﬁwﬁﬁ®ﬁﬁﬁ%®%iﬁﬁﬁ%<,%%%Tﬁﬁﬁ@ﬁﬁﬁ%ﬁ%i@
LSRR S, KiT, MOODY®=FWEHENRY EFLC LBl s 2 md 5L,
MOODY®F UvAEHLAAM2 ~3HKRE, £{14 27

COHE 0 S A TEDNOBETHEBATETE IO, 5%, U~ F{O0ARY
— A EDORBTHRHAET 2008ECEEDN L,

9 mEgAURLAEG0sRAK

Fig. 7.2 1, WWFIEIIMHEC, HNEDAEMEIb-TWAEAET, REEP1IGCPMERULG
PMEBLAELEOREENREBHAL EOMEER LA TS E, Ahobifkit, ARELD
HREAERAME LUL - T S,

s EHL L, REORSKE (LS, BUREEFECAGRAEENNSRLEBLED
pE, BMEOHECE, MOODYO MREFA/EH TS, CHEREUHEZHEN
RYPERAEFAAH T O Fig 7.3 Thb, Fig.7.4 12, 1GPMORHEEI
%, HENRYDEFALEMOODYDEFAAMALABELT, LRELSIBREES
Wit Lo, HENRYDEFAAFEBLAABRAHE T2 ~30"-+ v MER, MOODY
OEFANEERLABLDOASUBRAESLELEDLDDP D,

3 EHFEAY v FREGAMERT H5S

$7, EHFA) Y VAEBEMPEST AEAGKK-E, HENRY ®EFVMOODY =7
WEGHLASL0ELE AN BEELORBEAFig .5 KRT, COBEAb, RERR
LERE, MOODYoEFvaABEL 0REEEZRLTY 4,



LEAK RATE (GPM)
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3 =
4inch, STS42 CARBON SIEEL SCH.80 ,}J
PRESSURE=7MPa TEMP=270°C J/
SURFACE ROUGHNESS AT THE CRACK = 30 um MOODY MODEL //

0 MOODY MODEL \\‘ y

A HENRY MODEL i ’
,| O EXPERIMENT )/ ////

7/

,

° /;r
83 s
o /
CRACK ANGLE(28)= 83 y

! ’ EXPERIHENT

q

q

" ! I | ! L !

0 1 2 3 4 5 6 7

BENDING STRESS (kg/mm?)

Fig. 7.1 COMPARISON OF LEAK RATE AMONG EXPERIMENT,
HENRY MODEL AND MOODY MODEL
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200

180

160 ST7S42 SchB0 SATURATED

WATER

140 [] EXPERIMENT
8
g 0
= 1201 ‘.
— 2
D [ 28 >
— 100+ 0 \ SURFACE ROUGHNESS AT THE CRACK = 30 um
i 1. 1GPM
D
= 80| L 5GPM

GPM [
~7
= 60|
a-
()
40}
Pb=0 ko/mm?
ool PRESSURE =69 Kgf /cm? G
O 1 | | | I ] 1
0 2 4 6 8 12 20 28

PIPE DIAMETER (INCH)

Fig. 7.2 CONSTANT LEAK RATE CURVE (MOODY MODEL)
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220
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180
160
140
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20
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JAERI-M 90-050

STS42 Sch80 SATURATED WATER
Pb= 0 kgf/mm?
PRESSURE = 69 kgf/cm?G

[0 EXPERIMENT
SURFACE ROUGHNESS AT THE CRACK = 30 gm

- WM GPM

] I ] 1 ] |
0 2 4 6 8 12 20 28
PIPE DIAMETER (INCH)

Fig. 7.3 CONSTANT LEAK RATE CURVE (HENRY MODEL)
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200}
O
180 ‘\
\ STS 42 Sch80
\ . SATURATED WATER
160 ' SURFACE RUUGHNESS AT THE CRACK = 30 um
— 140}
4 B
[a3)
o
[+ ]
= 120}
3 20
., 100}
- HENRY
&)
=
<< 80+
bt
E
@ eor TS~
moopy
401- |
Pb= 0. Kg/mm?
ool PRESSURE = 69 Kgf/cm?G
] 1 ] | 1 !
0 2 4 8 12 20 28

]
6
PIPE DIAMETER (INCH)

Fig. 7.4 1GPM LEAK RATE CURVE
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Leak Rate
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201" Rectangular Siit

Stit Length (2C) =40mm
18  Slit Depth = 37mm
Saturated Water

6L Pressure = 7T0Kgf/cm? G

14 - Leak Rate

10

SURFACE ROUGHNESS AT THE CRACK = 30 um

| 1
0.2 04 0.6 0.8 1.0
COD (mm)

Fig. 7.5 <Crack Opening Displacement and Leak Rate
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RSC Guidelines Chapter 21. 1, version 3, 1984 '

Code of Federal Regulations 10, Part 50 General Design Criterion 4, Jan. 1,1888
Federal Register Vol. 51, No 141, July23, 1986, Proposed Rules

R Collier et al.:"Two- Phase Flow Through Intergranular Stress Corrosion Cracks
and Resulting Acoustic Emission”, ERRT NP —3540—1LD, 1984

R.E.Henry :“The Two- Phase Critical Discharge of Initally Saturated or Subcoocled
Liquid”, Nuclear Science and Engineering, Vol.41, 1970

C N.Amos and V.E.Schrock :“Critical Discharge of Initially Subcooled Water
Through Slits’, NUREG,/CR— 3475, LBL — 16363, 1983

C N.Amos and V.E.Schrock:“Two - Phase Critical Flow in Slits”, Nuclear Science
and Engineering, Vol 88, P261—274 1984

H. John, J.Reimann and G.Eisele : “Kritische Leckstromung aus rauhen Rissen in
Druckbehilten”, KIfK 4i92

P.Pana:“Eine modifizierte Bernoulli -Gleichung fiir die Berechnung der Stromung-
svorgsvorginge in unterkithlten Wassergebiet”, IRS—W—18, 1875

P.Pana: “Berechnung der stationiren Massenstromdichte von Wasserdampfgemischen
und der auftretenden RiickstoBkréfte”, IRS-W—24, 1976

T Yano et.al. “Leak Flow Rate from through- wall Crack in pipe’, 1987 ASME -
JSME Thermal Engineering Joint Conference, March 1987

F. ].Moody: "Maximum Two-phase Vessel Blowdown From Pipes’, Journal of Heat
Transfer Tran. ASME Series C, P285—295, August 1966

D.Abdollahian and B.Chexal :"Calculation of Leak Rates Through Cracks in Pipes
and Tubes”, EPRI NP—3395, Dec, 1983

RIS 0 ¢ KEENTIES 7 - Fio & 5mERTMHES ", JAERT-M 87121, 1987
N R MR T, 2 e ek, 1974

P.C.Paris and H.Tada:“The Avpplication of Fracture Proof Design Methods Using
Tearing Instability Theory to Nuclear Piping Postulating Circumferential Through
Wall Cracks’, NUREG,/CR — 3464, 1983

i, SEM, B4, "Moody DERBEFVIELSEE X D ORENREIEFFG

‘H:” JTAERI-M 88-—039 (1988)

M. E.Mayfield, et al.*Cold Leg Integrity Evaluationy NUREG,CR—1319 R5,
February (1980}

S ME, A, “WEIEEXRE,SOWRLRE", Ho3E 0 AL B v v AV T LR
HE, B 313 (1986).
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K.Shibata et al."Progress and Evaluation of Test Resuits oﬁ JAERT'S Ductile
Pipe Fracture Test Program”, The 4th Japanese— German Joint Seminar on
Structural Strength and NDE Problems in Nuclear Engineering September (1988)
K.Shibata, S.Miyazono, T.Kancko, N.Yokoyama, "Ductile Fracture Behavior of
Circumferentially Cracked TYPE304 Stainless Steel Piping under Bending Load”
Nuclear Engineering and Design vol.94 (1986). '

M, ¥, HILEw, AHFAREEAET HSUS 04 RMEE OEEBIESE & LBB"
FAER24% 55 (1986). -

B, K, Nk Ey, HE@d-AREARKEEETH6 1 v FUESUS04HAE S
FUS TSR EMETOEEREES, ~ JAERI-M 86-078 (1986).

&7, BH, KB, AL, "BARFREEHOEEKBICE YT 5ME", JAERI-M 85064
(15986) .

T, Y, KB, B, CBKBEEM ORVEREICET TR (B2H) )
JAERI-M 86—098 (1986)

R.E.Henry, H.K.Fauske,“The Two— Phase Critical Flow of One— Component
Mixutures in Nozzles, Orifices, and Short Tubes,”]. of Heat Transfer, Trans. of
the ASME, May (1971),

T.Yano, et al., "Evaluaticn of leak flow rate and jet impingement related to leak
before break,” Nucl. Eng. Design, to be appeared.

F.Erdogan. “Ductile Fracture Theories for Pressure Riser Pipes and Containers.”
International Journal of Pressure Vessels and Piping, 4, _1976, pp. 253 — 283,
FEvaluation of Flaws in Austenitic Stee! Piping. Prepared by the ASME Section XI
Task Group on Piping.Flaw Evaluation. Palo Alto, Calif. : Electric Power Research
Institute, July 1985, NP-—~4680—SR.

B Chexal, D.Abdollahian, and D.M.Norris. “Analytical Prediction of Single Phase
and Two — Phase Flow Thru Cracks in Pipes and Tubes” Presented at the 22nd
ASME, A I1ChE National Heat Transfer Conference, Niagara Falls, New York,
August 58, 1934

A . Zahoor, H.S . Mehta, S.Yukawa, R.M.Gamble, and S . Ranganath. “Evaluation of
Flaws in Carbon Steel Piping.” Palo Alic, Calif, : Electric Power Research Institute
October 1886. NP—4824M. A revision is being prepared by EPRI.

K_Kishida, A.Zahoor, and D.M.Norris. “Crack— Obening Displacement Calculation

‘Methodology for Circumferentially Through —Wall Cracked Pipes.” Palo Alto,
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B Jwoid A0 A b

EEXHOKXZESALEAORREHEIRI L (MOODYDRY 9T ETF

WIS R SEF)
coeeceoeeoeocecoegeeeceececgceooeeeceeccLoccecececeeeecceeeceeccceeceeccceccccceLcececcc
cce ' CCCC
cce SOLVE LEAK RATIO THROUGH A CRACK CCCC
cCcce BASED ON MOODY MODEL cccc
cce CCCcC
CCC V. 1.0 9-30-'87 BY K.SHIBATA, N.CHUUJYOCU [
CCC V. 2.0 6-17-"88 BY H.SHINOKAWA [
ccce CONNECTION QOF TADAKPARIS EQUATIOCN cccce
CCC CCccce
cCcce INPUT/ THETA PRESSURE FB EPS cCce
cCcce QUTPUT/ LEAK RATE tccce

coegeeoceeoececceoecececoeceocececegceccecccceeeceoccoccecceoccccecoccecccece
C
IMPLICIT REAL*8(CA-H.0-1?
DATA GMIN-GMAX/0.001D4,5.C0D4&/
DIMENSION SIFT(20),SIFB(20),THEFF(20).,FT(20).,
1 FB(20), AIT(20),A1IB(20),PM(20),5IF (207,
2 AT (205, AB(20>,COAC20Y,TITLEC(20) W20
DATA PAI/3.146159265/
111 READ(S,100,END=99%) (TITLECJ),J=1,20)
READ (S5,200) DIA,SY,PB,THETAD,E
READ(5,300)P0,EPS,CD.QX0,DPO
WRITE(6.,100) (TITLECJ).,J=1,20)
WRITE(6,200) DIA,SY,PB,THETAD,E
WRITE(4,300)P0O,EPS,CD,QAX0,DPO
100 FORMAT(1H ,20A4)
200 FORMAT(1H ,4F10.3,F10.0)
300 FORMAT(1H ,5F10.3)
geococececeeeecLecoccecceocecceeccececcceccecceccoccdececocecoecceecceccccccc

ceee TADA-PARIS E@Q. PREDICT OF CRACK OPENING AREA cccce

ccee . ccce

€Cae cccc

ceoerecececececcegcececgecoceecceccecccececeeccececcccccececccececececcccecce
THETA = 0.017453% THETAD

THN=THETA/PAI
R=(DIA-CD)/2.0

1=1

PM(LIY = POx (R-0.5*%CD)*x2/{D/R *C,003

FTCIY = 1.0 + 7.5% THN#x%x1.5 - 15.0 % THN**2.5 + 33,0 «THN*xx3.5
FBCI) = 1.0 + 6.8% THN#**1.5 - 13.6 % THN*x*x2.5 + 20.0 #THN*x3.5
SIFTCIY = PMCI>*DSQRT(PAI*R*THETA) * FT(I)

SIFB(I) = PBxDSQGRTC(PAI*R*xTHETA) % FB(I)

SIF(I) = SIFT(I) + SIFB(I}

THEFFC(IY = THETA + SIF(IY*%x2/(2.0%xPAI*R%SY%x2)

TN = THEFF(I)/PAI

AITCI) = 2.0xTHEFF{I)*xx2x(1.0
1 + TNxx1.5*%(8.6-13.3%TN + 24.0%xTNxx2)
2 + TN*x3 . 0x{22.5-75.0%«TN+ 205.7=TN*x2
3 247 .5 TN2%x3 +242.0%xTNx*4) )

¢ AIB(IY = {3.0 + COS{THEFFC(I)»)*0.25 x AIT(I)

AIB(IY = 2.0xTHEFF(IY*x%2 * (1.0
1 + TNxx1.5 *x(8.2-12.7%TN +19.3xTN*xx%xZ2?>
2 + TNxx3.0 *x{20.4-6B.0xTN+165.2xTN*xx2
3 -187.2% TN*x3+146.7 *TNxx4& ) )
ATCIY = PMC(IY/E % PAI%R*x2 * AIT(I)

ABCIY = PB/E % PAIxR#*x2 % AIB(I)>

COACII=AT(I) + ABC(L)

PEPM=FB+PM(I)
WRITE(6,400)
400 FORMAT(/, 50H S.I.F AND CRACK OPENING AREA BY PARIS-TADA EQ.
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1 50H THETA TETAEFF PM FB FT FB ,

2 2X,25H SIFT SIFB SIF )

000034 WRITE(6,401) THETA,THEFFC(I),PM(L),PB,FT(I),FBC(IY,SIFTC(1D,

1 SIFB(I),SIF(I?

coees3s 401 FORMAT( ZX,2F8.4,2FB.4,3F8.3,2F8.4)

000036 WRITECE,404)

000037 404 FORMATC(/,1H-,4X,37H IT 1B AREAT AREAB AREA)
000038 WRITE(S,405) AIT(I),AIBCL) , AT(I) ,ABCIY,COACT)

0Coo039 40% FORMATC( 2X,2F8.5,3FB.4&)

000040 WRITE(S,402) (TITLECJY,J=1,20)

CCO041 402 FORMAT(1H1,//7,20X,20A47)

coceosz WRITE(&,403) DIA,CD,SY,E,THETAD,PO,PB.FM(I),PBPM

00QQLs3 403 FORMATC(/,10%, 1CHDIAMETER= ,F15.5,3H MM./

1 +10%, L1OHTHICKNESS=,F15.5,7H MM ./

2 »10%, 10H SIGMAY= ,F15.5,7H KG/MM2,/

3 #10%, 10CH E = +F15.5.,/

4 +10X%, 10H THETA = ,F15.5,4H DEG./

5 -10%, 10H PRESS = ,F15.5,8H KG/CM2G,/

é »10%, 10H PB = ,F15.5.7H KG/MM2.,/

7 +10X, 10H PM = ,F15.5,7H KG/MM2.,/

8 +10%, 10H PB+PM = ,F15.5,7H KG/MM2Z)
gececeeceegececececegceoececeoceccecceceecceeccececeececoeeccccecdeccocce
cce SOLVE CRITICAL LEAK FLOW RATE THROUGH A CRACK ccc
cce ccce
CcC BASED ON MQODY MODEL ALPHA=LAMDAxL/DH ¢cc
cgeeccoceegeoececeececceecececreccececegccececceccccocececccccecccecccccccc
c
C

000044 COD=2.0xCOALI)/(PAI*THETA*R}

000045 PO=10000.0x{P0O+1.033)

000046 DP=10000.0%DPC

000047 PMM=0.0

000048 PMIN=10000.0%x(PMM+1.033)

00CC4LS ICONT=1

0Cceos0 MM=0

ceeesl F=1.0/(C2.0¥DLOGICC(PAI*COD) /(4. 0%EPS)I+1.74)%%2.0
oogese? ALPHAO=(2.0*xFxCD)/(PAI*COD)

000053 MM=MM+1

CCCC54 IF(MM.EQR.1) ICONT=999

0CC055 G1=GMIN

000054 G2=GMAX

000057 10 G=(G1+G23/2.0

ooo0cs8 CALL MOCDY(PO,G,QXO0,DP,PMIN-ALPHA,1)

000059 CALL MOCDY(PO,G1,9X0,DP,PMIN,ALPHAL1,1)

00006¢C CALL MOCDY(PO,G2.QX0,DP,PMIN,ALPHAZ-1)

000061 ICONT=1

000062 IF(CALPHAO-ALPHAZ2Y* (ALPHAC-ALPHAL1).GT.0.0> GO TO 999¢%
000063 IFCCALPHAO-ALPHAY * (ALPHAO-ALPHAL) .GT.0.02G1=G
000064 IF((ALPHAO-ALPHAYx (ALPHAO-ALPHA2) .GT.0.03G2=G
000065 GN=(G1+G2>/2.0

000066 ERR=DABS((G-GNJ)/GN)

000067 IF(ERR.GT.1.0D-5) GOTO 10

000068 W(I)=COA(1)xGx1.0D-6

000069 GPM=W(I}/C.0624658

000070 WRITE(6,702) QXO,EPS,CD,DPC,LOD,ALPHAO,ALPHA,G,COALT)W(I),GPM
000071 702 FORMAT(//,10X,10H QX0= rF15.5,

1 /,10X,10H EPS= frF15.5,7H MM -

2 /+,10X,10H CDERPTH= ,F15.5-,7H MM ,

3 /»,10X,10H DF = +F15.5,7H KG/CM2,

& /»,10X-10H CCD= »F15.5,7H MM ,

5 /-10¥%,10H ALPHAD= ,F15.5/

6 /,10%-,10H ALPHA= +F15.5,



000072
000073
000074
000075

00076
000077

000001

000002
c00003

CCQo04
000005
00C00s
o0ooo7

0CCQ08
[efelelel0n")
ceeel0
0goo11
geeele2
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7 /+,10X,10H G = +F15.5,7H KG/M2S,
8 /+-10X,10H COA= +F15.5,7H MMZ ’
9 /-,10X,10H W = FF15.5,7H XG/S  ~
A /-10X,10H W = +F15.5,14H GPM AT 60 DEG)
CALL MDODY(PO.,G,QX0,DP,PMIN,ALPHA,100)
GO 70 111
9999 WRITE(6,602)ALPHAC,ALPHAL,ALPHAZ
602 FDRMAT(/,20H NO SCOLUTION ,
1 /-10H ALPHAC= ,F153.5-
2 /,10H ALPHAL= ,F15.5-
3 /,10H ALPHA2= ,F15.5)
999 S8TOP
END
cocrceoecceccececcocoeecececeooceccceececececcecceeececceccocarceccceced
c cCcce
C Ccc
SUBROUTINE MOODY(PO,G,GXD,DP,PMIN,ALPHA,ICONT)
C CccC
C CALCULATION CRITICAL FLOW PASS BY MQOODY'S MODEL ccc
¢ SR=SLIP RATIO ccc
coceeocecceecoecocececcocoeegcecoegcegcccceeccceccececececgoccececccceccecc

IMPLICIT REAL*8BC(A-H,D0-2)

DIMENSION P(999),V(959),UG(999) , VL9999 UM(FEF) ,H(GF9) , HEG(P99),
1 HL($99) ,AX(F99),5(999),5G(999),5L(F9F),5R(I9%),
2 TEMP (999

PO=FP0/10000.0

PS=F0

TS=TSAT(PS}

TEMPCO=TS

C WRITE(&,604) G,P{(I)
C 604 FORMAT(10H G= » F15.5,10H PCIXL =, F15.5)

CALL STEAMZ{(PO,TEMPO,VGOD,HG0,5G0,2)

CALL STEAMZ{(PO,TEMPO,VLO,HLO,SLO,4)

PO=PCx10000.0

HO=HLO+QX0* (HGG-HLO)

VO=VLO

YMO=VLO

N=(PO-PMIN)/DP

DO 3 I=1,H

P(I)=PO-DPxFLQAT(I)

P(1)=P{I)/10000.0

PS=P(I>
TS=TSAT(PS)
TEMPCIZ>=TS
C WRITE(6,605) G,P(I)
€ 605 FORMAT(1CH G= s, F15.5,10H P(I)2=, F15.5)

CALL STEAMZ(P(I>,TEMP(IX,VG(I),HG(I),SG(I),2) i
CALL STEAMZ(PC(IY,TEMPCI),VLCI) HLCIY,SLCIY,4) )
PCLY=P¢I>*10000.0
SRCIN=CVG(IY/VLL{I))xx(1.0/3.0)
CALL QLTYCAXCIXY,SRCID,VLCIY VGCIY HLCIY,HGCID,HO-G)
VD) =VL(I)+AX(I>*x(VGCID~VL (I
HOL)=HLCIY+QXCII*(HGC(I)~HL (L))
SCI)=SLCIY+QXCI)#{(SGULO>-SL(IM)
VMOI)=(SROII*{(1.0-AX (1)) *VLLI)+QX (T2 xVG(IJ )+
1 (AX(IX+(1.0-@X(1X)/SR{IMD

c FIND SMAX DEFINE P-CRITICAL

IFCI-1Y4,4,2
2 IF(SCIY.LT.SMAXY GO TO 1
4L SMAX=S(D)

IMAX=1
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000C47
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0000479
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Qoooo2
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000010
000011
000012
000013
000014
000015
000016
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PC=P (I

CONTINUE

WRITE(S,5606) 1

FORMAT(/,5X+4H I= ,14,27H ENTROPY MAX DOES NOT EXIST?
CALL INTEG(S1,52,P0,IMAX,V,P,VM-VO.,VMD)
ALPHA=2.0%9.80665/G*x2%51-2.0x%32

IFCICONT.EQ.1Y GO TO 999

WRITE(6,601) PO.TEMPC,G,QX0O,DP,PMIN,PC,SMAX, ALPHA

FORMAT(/,10X%,10H PC = s F15.3,
1 /,10%,10H TC = » F10.3,
2 /,10%,10H G = r F15.5~
3 /,10X,10H QX0 = ’ F10.3.,
4 /-10X,10H DP = ’ F10.3.
5 /»10X,10H PHIN= ’, F10.3,
& /-10X,10H PC = r F10.3-
7 F-10X-10H SMAX= s F15.5.,
8 f,10%,10H ALPHA= ’ F'].O-:'}/f/)
WRITE(6,602)
FORMAT( 4H ND - 7H PRESS,10H QUALITY ,6H V ’
i 84 ENT H ,BH ENT HL ,BH ENT HG -
2 S6HENT S ,7H EN SL .8H ENT SG -
3 9H VL +6H VG - 8H VMO
po s J=1,1
WRITE(S,603)J,P(1),QXCJ, VI,

1 HOI) AHLGUY AHGCI) » S SLCIY A SGCUY VLG L VG D) A UMD

FORMAT¢ 14,F9.0,F&.3, E10.3, 3F7.2,2F6.3, F7.3,3£10.3)
RETURN

END

SUBROUTINE QLTY(QX,SR,VL,VG,HL,HG,HO,G)
IMPLICIT REAL*8(A-KH,0-1?

GRAV= 9.,B0665

AA= 1.0/426.858

A= (1.0-1.0/SR%%2)%{1.0-2.0%SR*VL/VG+SRx%2*%(VL/VG)*x*2?
B = (1.0-2.0%SR*VL/VG+SR*x*2*#{VL/VG)*%x2)/SR*x*x2+
1 2.0%(1.0-1.0/SR*x%x2)*SR*VL/VG*x(1.0-VYL/VG*SR)
C = 2.0/SR*VL/VG*xC1.0-VL/VG*SRI+(SR**2-1,0)%x(VL/VGEI*x2+
1 (HG-HL) 7 (YGxx2xAA*Gx*2) x2 . 0xGRAV
D =—(HO-HLY/(VG**2xAAxGx*2) %2 .0xGRAV+ (VL/VGY*x%2
AR=1/427 KCAL/KG-M
SOLVE AX**xZ+BX*x*x2+CX+0=0
D<=X<=1
¥1=-0.1
X2=1.0

¥=(X1+X2¥/2.C
Y1=AxX1*x3+BxX1xx2+CxX1+D
Yo=AxX2*xx3+BxX2xx2+CxX2+D
Y=AxXxx3+BxX*x2+CxX+D
IFC(Y1*Y. LE.0.O0) X2=X
IF(Y2+Y . LE.Q.OY X1=X
XN=(X1+X23/2.0
IF¢Y1lxY2.G6T.0.0) GO TO 3
EPS=ABS{{X-XN)/XN>
IFCEPS.LE.1.0E-6) GO 7O 1
X=XN

GO TO 2

WRITE(6-601) Y1,Y,Y2

FORMAT(/20X-10H F(X1)= fE13.5,/~
1 20X,10H F(X) = +E15.5//»
2 20X,10H F(X2)= fELS5.54/+
3 20X,30H EQ.CAN NOT BE SOLVED

CONTINUE

X=XN
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000027 QX=X
000028 IF(GX.LT.0.0) @X=0.0

000029 RETURN

000030 END

000001 SUBROUTINE INTEG(S1,52,P0,IMAX,V,P,UM,VO,YMO)
000002 IMPLICIT REAL*B(A-H,0-ID)

000003 DIMENSION Y(999).,P(999),UM(999)
0C0004 §1=0.0

000005 $2=0.0

000006 DO 1 I=2, IMAX

000007 DP=P¢I)-P(I1-1}

000008 DYM=YM(IY-UM({I~-1)

00000 VX=CVCI-1Y+V(I¥)>/2.0

000010 S1=S1+DP/VX

000011 §2=52+DVM/VX

000012 1 CONTINUE

000013 DS11=(P{1)-FO)*2.0/(V(1)+VQ)
000014 DS21=CUMLLY-UMO) %2 .0/ (V{1}+VQ)
000015 $1=81+4DS11

000014 §2=52+D821

000017 §1=-51

000018 RETURN

Do0019 END

SPECIFIED QPTIONS: CRTIMIZE(Z2), LINECOUNTC(O) NOS,ELM(MOCDY&),SCURCE
END OF COMPILATION
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B. 2 E%%%@k%é%ﬁit%%@ﬁﬁ%%%fuﬁaA(HENRY@%%%%?n
IR DB

EPRI'S PROGRAMM FOR LEAK RATE THROUGH CRACKS

.0 '87-6-9 BY I.HASHIGUCHI
L0 '88-9-13 BY H.SHINOKAWA
CONNECTION OF TADARPARIS EQUATION

V. 1
V. 2

x%% THE INPUT TO THE PROGRAM =*xx

FIRST CARD
TITLE CARD

SECOND CARD

IN=1 --> INITIALLY SATURATED LIQUID,IWNPUT TEMERATURE ONLY

{N=2 --> INITIALLY SATURATED LIQUID,INPUT PRESSURE ONLY

IN=3% --> INITIALLY SUBCOOLED LIQUID,INPUT BOTH TEMERATURE AND FRESSURE
BEND = BENDING STRESS (KGF/MM22

PO = STAGNATION PRESSURE (KGF/CM2)
TO = STAGNATION TEMPERATURE (C3
PB = BACK PRESSURE (KGF/CM2)

THRESH = THRESHOLD VALUE, QRIGINAL VALUE = 1.E-3

E = YOUNG'S MODULUS (KGF/MMZ)
SY = SIGMA Y ( KGF/MMZ2)
THIRD CARD

DIA= PIPE DIAMETER (MM}
THETAD = CRAK ANGLE (DEGREE)

ED = PIPE WALL THICKNESS (MM)

EK = THE HEIGHT OF PROTRUSION OF THE ROUGHNESS GRAIN FROM THE MEAN
SURFACE (MM)

AR = AREA RATIO = AE/AQ

N1 = NUMBER 0OF 90 DEGREES TURNS IN THE CRACK PATH

N2 = NUMBER OF 45 DEGREES TURNS IN THE CRACK PATH

tx% JAERI'S STEAM TABLE =*¥x

STEAMZ(P,T,V,H,5,INDEX)

INDEX=0 --> SUBCOOLED WATER DR SUPERHEATED STEAM. INPUT BOTH PRESSURE
AND TEMPERATURE

INDEX=1 --> SATURATED STEAM, INPUT TEMPERATURE

INDEX=2 --> SATURATED STEAM, INPUT PRESSURE

INDEX=3 --> SATURATED WATER, INPUT TEMPERATURE

INDEX=4 --> SATURATED WATER, INPUT PRESSURE

OO O OO OO OO OO0 OO0 OO0 OO0 0O000 00

000001 IMPLICIT REAL%8 (A-H,0-1)

000002 DIMENSION TITLECZ2C?

000003 COMMON /PP/ PO,TO,XLD,FF,AR,IN,CD,DH,THETA
C

000004 CD = 0.61

000005 PAI = 3.141592654

000006 THETA = 0.5%PAIL
C
C 1KPA= 1000N/M#%2= 1000KG/M/S*xx2= 1000/9.8%E-4 KGF/CMxx2
C = 1000%E-4/9.8/0.07031 LBF/IN%x%2= 1000/56890.4 LBF/INx*x2
C

Qooo007? PCY = 6.894757E+3

000008 NSTEP = 200
C

000009 1 READ (9,14,END=1000) (TITLEC(J),J=1,203

000010 READ (9,10) IN,BEND,PO,TO,PB,THRESH,E,SY
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gogole
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000016
000017
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000019
000020
000021
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000023
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000026
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000031
000032
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000036
000037
000038
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000040
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000042
000043
Go0044
000045

000046
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000048
000049
000050
000051

000052
000053
000054
000055
000058
000057
000058
000059
000060
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READ(9,15)

WRITE(H,14)
WRITE(6,10)
WRITE(S,15)
WRITE(6,599)

R={(DIA-ED)/2.0

P1=P0~PB
PM = P1x
PBPM=BEND+PM
WRITE(6,403)

DIA,THETAD,ED-EK,AR,N1,N2
(TITLEW Y J=1,20)
IN,BEND,PO,TO,PB,THRESH,E,SY
DIA,THETAD,ED,EK,AR,N1,N2
(TITLEWSY»J=1,200

(R-0.5*EDY*x2/ED/R *0C.CC5

DIA-ED,SY,E,THETAD,P1,BEND,PM,PBPM

403 FORMAT(/,10X, LOHDILIAMETER= ,F15.5,3H MM,/
»10%X, 10HTHICKNESS=,F15.5,7H MM I¥4
,10X, 10H SIGMAY= ,F1I5.5,7H KG/MMZ,/
»10X, 10H E - FFL5.5./
+10X, 10H THETA = ,F15.3,4H DEG,/
+10¥%, 10H PRESS = ,F15.5,8H KG/CMZ2G,/
+10X, 1CH PB = +F15.5-,7H KG/MM2,/
+10X, 10H PM = ,F15.5,7H KG/MM2.,/
,10%, 10H PB+PM = ,F15.5,7H KG/MM2)

30

00~ WP

CALL COAP(PM,R.SY,E,THETAD,BEND-AREA,Z9%)
EW=114.59156%xAREA/(PAT*THETAD*R)
WRITE(6,598) EW

EW=PAI*EW/4.

PO = 98066.5%xPO/PLCVY
TO = 1.8xTO0+32.

PB = 9B066.5%xPB/PCV
EL=PAIxRxTHETAD/%0.
EL = EL/25.4

EW = EW/25.4

ED = ED/25.46

EK = EK/25.4

IK = 0

AREA = EW=xEL

PER = Z2_.x(EW+EL?
AREA = AREA/144.
PER = PER/12.

ED = ED/12.

EK = EK/12.

DH = 4.xAREA/PER
XLD = ED/DH+50.*%N1+26.%N2

IF(XLD.LE.12.} GO TO 400
RK = DH/2./EK
FF = 1.0/(2.%DLOGLIO(RKI+1.74)xx%x2

IFCIN.EQ.1) THEN

TEMP = TO

TEMP= (TEMP-32.03)%0.55555356
PRESS = PSAT(TEMP)

PO = PRESS#14.223133

ENDIF

(PO-PB)/FLOAT{NSTEP)}

PB
PR(PL,PCC,PT,GC,XE-XT,IC)
GO TC 55

GO TO 40

DP
PL
CALL
IFCIC.EQ.2)
IF{IC.NE.3)
IK = IK+1
PL = PL+bP
ITF{IK.LT.NSTEP?}
GO TO 55

nod

GO TO 30
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PL-PCC
NSTEP-1K

PD1
NM2

Bon

DC 50 I=1,NM2
PH = PL+DP

CALL PRC(PH,PCC,PT,GC,XELXT,IC)

IF(IC.EQ.2) GG TO 55
PD2 = PH-PCC

IF((PD1%PD2Y.LT.0.) GO TO 100

PL = PH
PD1 = PD2
CONTINUE

PRINT 75,.PQ,TO0.,PB
GO TO 4cCC
CONTINUE
PDL = PD1
PDH = PD2

DO 200 I=1-50

PX = (PH*PDL-PL*xPDH)/ (PDL-PDH)
CALL PR(PX,PLC,PT,GC,XE,XT,IL)

PDX = PX-PCC

IFCABS(PDX).LT.THRESH} GO TO 300

THRESHOLD VALUE WAS CHANGED
THRESHOLD VALUE WAS CHANGED
IFCABSC(PDX).LT.1.E-3) GO
IFCABS(PDX).LT.5.E-3) GO
IFCABS(PDX) . LT.1.E-2) GO

BY
BY
TO
TO
To

HASH xx%xx

IS0 62.02.06 =*xxx
300

200

300

IFC(PDX*PDH}.GT.0.) GO 7O 250

PDL PDX
PL FX
GO TC 200
PDH = PDX
PH = PX
CONTINUE

PRINT 220.PL,PH,-PDL,FDH

GG TO 1000
CONTINUE

EN = PCC/PO

GM = AREA%GC
AREA = 144 .xAREA
PER = 12.xPER
ED = 12.%ED

EK = 12.%EK

PRESS = PCC

CALL JAERI(PRESS,TEMP,VCOLG-ENTAG-ENTOG,2)
CALL JAERI(PRESS,TEMP,VOLF,ENTAF,ENTOF.,4)

PCC = PRESS
752 = TEMP

H1 = ENTAF
H2 = ENTAG

HHE = XT#HZ+(1_-XT)xH1
GO TO 500
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2000
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CONTINUE
PRESS = PO
TEMP = T0

GO TO (11,-12-13),IN

CALL JAERI(PRESS,TEMP,VOLF,ENTAF,ENTOF,3)
GO TO 2000

CALL JAERI(PRESS,TEMP,VOLF,ENTAF,-ENTOF, &)
GO TG 2000

CALL JAERI(PRESS,TEMP,VOLF,ENTAF,ENTOF.,O)
CONTINUE

PO = PRESS
TO = TEMP
VLO = VOLF
PRl oNO CHOKING HIPD!

Gx2 = 2*RO*(PO-PB) = 2x(LBM/FT%x32)%LBF/IN*x%x2
= Z¥LBM/FT*x*x3%x(32 . 15LBMeFT/S*x2)/IN%*2

2x32.15%«LBM*x2/ (FT/12)%x2/5%xx2

2x32 . 15144 (LBMxS/FTxx2)x%2

9264 .96 (LBM%S/FT%%2)*x2

oo

GC2 = 9266.112%(P0-PB>/VLO
GC = SQRT(GC2)
GM = AREAXGC
PCC = PB

X7 = 0.

XA = 0.

AREA = 144 .%xAREA
PER = 12.xPER
ED = 12.%xED

EK = 12.%EK

GO 70 510
CONTINUE

PRESS = PB

CALL JAERI(PRESS,TEMP,VOLG,ENTAG-ENTCG,2D
CALL JAERI(PRESS,TEMP,VOLF,ENTAF,ENTOF,4)

PB = PRESS
TSA = TEMP
H1 = ENTAF
He = ENTAG

XA = (HHE-H1)/{HZ-H1)

PRINT 600

PO = POxPCV/98066.5
PRINT 605.,P0

TO = (T0-32.>/1.8
PRINT 410,70

GO TOQ (520,530,540),IN
PRINT 615,IN

GO TO 550

PRINT 616,IN

GO TO 550

PRINT 617,1IN

PB = PBxPCV/9B8066.5
PRINT 620.,PB



000153
000154
000155
000156
000157
000158
000159
000160
000161
000162
000163
000164
000165
0001646
000167
000148
000169
Q00170
000171
000172
000173

cColva
000175
000176
ohelel rard
ooo178
000179
000180
000181
000182
0oc183

000184
000185
000186
000187

000188

000189
000190
000191
000192
000193
000194

000195
Q00196

000197
0Cc0198
000199
0oco200
000201
000202
000203
000204
000205

[w]

220 FORMAT('-',"xxx FAIL TO CONVERGENCE.
*LARGER THRESHOLD VALUE *%x',4F15.4)

598
599
600
605
610
615

616 FORMAT('Q','INPUT INDICATORCIN)=',L5,"'

617 FORMAT('C',"INPUT INDICATORC(INI=',I5,"
*QUID,INPUT BOTH TEMPERATURE AND PRESSURE'?
»"BACK PRESSURE(PBY=',F10.1,2X, "KGF/CM2A"',///)
sV%x%x%x%x CRACK GEOMETRY **xxxx',//)
s "AREA=",F10.4,2X, "MMxx2"')
+'PERIMETER="',F10.2,2%X,"MM")
FORMAT('0','"DEPTH=",F10.2,2X,"MM'}
rd
s

520
650
660
665
670
675
680
685
690

PRINT &350

EL = 25.4%EL
PRINT 710-EL
EW = 25.4%EW
PRINT 720,-EW
ED = EDx*25.4
PRINT &470,ED
DH = DH*2S5.4x12.
FRINT 730-DH
PRINT 695,XLD
EK = EKx25.4
FRINT 675,EK
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AREA = AREAx%25.4x%x2

PRINT 660,AREA
PER = PERx*xZ25.4
PRINT 665,PER
PRINT 680.,AR
PRINT 685,N1
PRINT 6%20,N2
PRINT 700,THRESH
PRINT 750

1 LBM/CFTx%2%53) =

GC = GCx4.,8825
GALLON= GC*60.0/3

4.B8243 KG/(Mxx%x2%S)

.78543%1.E-¢&

PRINT 770,GC,GALLON

GM = GMx0.4536
GG = GALLONXAREA
PRINT 8C0,GM,GG

PCC = PCCxPCV/9BOGA.S

PRINT 850,PCC
PRINT 9G0,XT
PRINT 930,XA

FORMAT(1H »20A4)

FORMAT(1H ,I1,F9.4,6F10.3)
FORMAT{1H ,5F10.5,2110)
FORMAT("-",10X,"*xx FLOW IS NOT CHDOKED FOR THIS CASE ##*x'.,

13F10.22

FORMATC(*+',45X,F10.63

FORMAT("1',20A4)

*xx TRY TO INPUT MUCH

FORMAT('O','*x% STAGNATION PROPERTIES xx%x%',//)

FORMATC('O"

FORMATC'O?

*QUID,INPUT TEMPERATURE ONLY')

*QUID,INPUT PRESSURE ONLY"D

FORMATC'OT
FORMAT ('O’
FORMATC'OQ!
FORMATC('O?

FORMATC'OT
FORMAT('O?
FORMAT ('O
FORMAT (0"

»"FRESSURE(PO)=",F10.0,2X,"'KGF/CM2ZA")
FORMAT('OQ",*'TEMFERATURE(TO)=",F10.1,2X,'C")
+VINPUT INDICATORCINI=',E5,"

INITIALLY SATURATED LI
INITIALLY SATURATED LI

INITIALLY SUBCQCLED LI

TROUGHNESS HEIGHT=',E12.4.,.2%,"MM")
'AREA RATIOCAE/AQY=',F10.2)

"NO. OF 90 DEGREE TURN=',110)

*NO. OF 45 DEGREE TURN=',T110)
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695 FORMAT('C','DEPTH/HYDR., DIA.=',F10.1.)
700 FORMATC('O','THRESHOLD VALUE =',F10.5,///)
710 FORMAT('O0',' 2C=",F10.5,2X,"MM")
720 FORMATC('O','EQUIVARENT COD='",F10.5.2X,"MM"}
730 FORMATU('Q','HYDR. DIA_=",F10.5.,2X,"MM")}
750 FORMATC('Q","x#x%xx QUTPUT *xxxxx",//)
770 FORMAT('Q','"CRITICAL MASS FLUX =", E15_4,2X,"KG/Mxx2/SEC"'/
1 QL =", E15.6,2X,"GPM/MMx%2")
800 FORMATC('O','LEAK RATE =", E15.4,2X,'KG/SEC =",Fi0.5,2X,"GPM"}
850 FORMAT('0','PRESSURE AT EXIT PLANE =',F10.1,2%,,'KGF/CM2")
Q00 FORMAT{'O',"QUALITY AT EXIT PLANE =',F10.4>
G50 FCRMATC('O',"QUALITY AT BACK PRESSURE =',F10.4>

GO TO 1
C
1000 STOP

END
L O 5 O 0 0 00 0 0 O O L O O L 1 0 04 08 0 0 O O 4 O L O 1 00 O O 4 R O 1 0 O O i O 4 o o 8 8 5 o o o 0 o o ok 0 o o O 8 4 00 R O
ccee gceec

SUBROUTINE COAP(FM,R,SY,E,THETAD-PB-COA-ICONT?Y
CCCC TADA-PARIS EQ. PREDICT OF CRACK OPENING AREA cccecce
cCcc ccce
cccce ccee

ceeceeccceccceccocoococceeceeccceccececcececccooccocecececccececececececccececece
IMPLICIT REAL*xB{(A-H,0-2)
DATA PAL/3.1415%265/
THETA = 0.017453% THETAD

THN=THETA/PAL
FT = 1.0 + 7.5% THN*x1.5 - 15.0 % THN**2.5 + 33.0 *THN*%3.5

FB = 1.0 + 6.8% THN#x1.5 - 13.6 % THN%%2.5 + 20.0 *xTHN#%%3.,5
PM¥DSQRT(PAI*xR=xTHETAY % FT
*

SIFT =

SIFE = PB*DSQRT(PAIxR*xTHETA?> FB

SIF = SIFT + SIFB

THEFF = THETA + SIFx%2/¢2_0%xPAI*R*xS5Y%xx2)

TN = THEFF/PAIL

AIT = 2.0*xTHEFF*x*2%(1_.0

1 + TN*x1.5x(8_6-123.3%xTN + 24.0%xTNx=*2)
z2 + THN*%x3 0%x(22.5-75.0%THN+ 205.7%xTN=*x%x2
3 247 . 5% TN*xx3 +262.0%xTNxx4) )

C AIB = (3.0 + COS(THEFF>)»=0.25 * AIT
AIB = 2.0xTHEFFx*x?2 x (1.0

+ TNxx1.5 %(8.,2-12.7xTN +12.3xTN*xx%x2)

+ TNx*3.0 *x(20.46-68_0xTN+165,.2%TN*xx2

3 -187.2% TNx%3+146.7 xTNxx4 3} )
AT PM/E * PAL*xRxx2 x AIT

AB PB/E = PAI*Rx*%2 x* AIB

COA=AT + AB

IFCICONT.EQ.1Y GO TO 999

WRITE(6,400)

R

400 FORMAT{(/, 50H §.I.F AND CRACK OPENING AREA BY PARIS-TADA EQ.
1 50H THETA TETAEFF PM PB FT FB 7
2 2X,25H SIFT SIFB SIF )
WRITE(S,401) THETA,THEFF,PM,PB,FT,FB,SIFT.,
1 SIFB,SIF

401 FORMATC 2X,2F8.4,2F8.4,3F8.3,2F8.4}
WRITE(S6,404)

L0O4 FORMATCO/,1H-4X,45H 1T IB AREAT AREAB AREA CoD>
WRITE(6,405) AIT,AIB,AT-AB,COA

4035 FORMATC( 2X,2FB.5,3FB.4)

999 RETURNK
END

I
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c
C
000001 SUBROUTINE PR(PCK,PCC,PT,GC,XE-XT,IC)
c
C IN=1 --> INITIALLY SATURATED LIGUID,INPUT TEMERATURE QONLY
€C IN=2 --> INITIALLY SATURATED LIQUID,INPUT PRESSURE ONL Y
C IN=3 --> INITIALLY SUBCOOLED LIQUID,INPUT BOTH TEMERATURE AND PRESSURE
C
000002 IMPLICIT REAL%8 (A-H,C-2}
000003 COMMON /PP/ PCQ,TO,XLD,FF,AR,IN,CD,DH,THETA
c
000004 Ic =1
¢
C KAPPA=CP/CV
¢
ooooecs AKAPPA = 1.33
Qo0006 B = 0.0523
C
000007 FRESS = PO
000008 TEMP = TO
Q00009 GO TO (1,2,3),1IN
c
C INPUT TEMPERATURE ONLY !!!
C
000010 1 CALL JAERIC(PRESS,TEMP,VOLF,ENTAF,SL0,3)
000011 PO = PRESS
000012 VLO = VOLF
000013 GO TO 1000
C
C INPUT PRESSURE ONLY !!!
C
000014 2 CALL JAERI(PRESS,TEMP.VCOLF,ENTAF,SLO,4)
000015 TO = TEMP
000016 VLD = VOLF
oooc17 GO TO 1000
C
C INPUT BOTH PRESSURE AND TEMPERATURE !!!
c
200018 3 CALL JAERI(PRESS,TEMP,VOLF,ENTAF,SLO,0)
00001% VLO = VOLF
C

000020 1000 CONTINUE

000021 " PRESS = PCK
C
00c022 CALL JAERI(PRESS,TEMP,VOLG,ENTAG,SGC,2)
00C023 CALL JAERI{PRESS,TEMP,VOLF,ENTAF.SLC,4)
C
000024 PCK = PRESS
000025 TS = TEMP
000026 YGC = VOLG
000027 XE = (5L0-SLCY/(SGC~SLC)
0o0028 CN = 1.0
000029 IF(XE.LT.0.05) CN=20.%XE
000030 XT = CN*XE*x(1.-EXP(-B#(XLD-12.13)
000031 XM = CN*XE-XT/B/(XLD-12.}
000032 200 PC1 = PCK-0.5
000033 PC2 = PCK+0.5
C
000034 PRESS = PC1
C
000035 CALL JAERI(PRESS,TEMP,VOLG,ENTAG,S5G1,2)



000036

000037

000038
000039
000C40
000041
00042
000043
000044
000045
000046
000047
000048

000049
000050
000051
Goeos52
000053
C00054
000055
000056
000057
000058
000059
0000560
000061

000067
000063

000064

00065

0000656

0000467

000068

0C0069
Q00070

000001
000002

0000CC3
000004

(]

50

100
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CALL JAERI(PRESS,TEMP,VOLF,ENTAF,SL1,4)

PRESS = PC2

CALL JAERIC(FPRESS,TEMP,VOLG-ENTAG.,S5G2.,2}
CALL JAERI(PRESS,TEMP,VOLF-ENTAF.,SLZ2,42

TS = TEMP

bSL = SL2-S5L1

DSG = 5G2-5G1

DXE = - ({1.-XE)Y*DSL+XExDSGY/(5GC-SLC?

GC2 = (XTxVGC/PCK/AKAPPA-(VGC-VLOY*CN=DXE) /32,174/144,
GC2 = 1./6GC2

IF (GC2.GT.0.Y GO TO 50

Ic =3

RETURN

GC=SART(GL22

DPT = GC2x*VLOD/2./CD*%2/32.174/144 . xAR**%2
PT = PO-DPT

IF (PT.GT.3.) GO T0 100

Ic =2

RETURN

CONTINUE
PRESS = PT

CALL JAERI(PRESS,TEMP,VOLG-ENTAG.,S,2)

PT = PRESS

TS = TEMP

VGT = VOLG

VGM = (VGT+VGCY/2.

AL = (1.-12.*xC(1.-ARX/XLD}/AR
GMZ = GC2*x(1.+1./Alx%x2)/2.

ACCELERATIONAL PRESSURE DROP
DPA = GM2xXT*(VGC-VLO)

FRICTIONAL PRESSURE DROP
DPF = FFx(XLD-12.)«GM2%((1.-XMI)*xVLO+XM*xVGM} /2.

PRESSURE DROP DUE TO AREA CHANGE
DPAA = GC2+x(V0LO*{1.-ARx*x2)+XMx{VGM-VLDI)x{1.-1./AI%x%2))/2.

?TTTTTERTTINITY NICHT VERSTEHEN 7777777?772772°7
DPG = 0.5+ (1./VLO+1./ (XT*VGC+CL. -XT)*VLOY ) *xXLO*DH*SIN{(THETA) /144,
TRTTTTTI?TITY? NICHT VERSTEHEN I B S Bt S O

TOTAL PRESSURE DROP THROUGH CRACK
PCC = PT-(DPA+DPF+DPAR) /32.174/144.-DFG

RETURN
END

SUBRQUTINE JAERI(PUSA,TUSA,VUSA,HUSA,SUSA,INDEX)
IMPLICIT REAL*8 (A-H,0-2Z3

JAPAN <---- USA

0.070308%xPUSA
0.555556%(TUSA~-32.)

PJAP
TJAP
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0o000s VJAP = 0.062427xVUSA
000008 HJAP = 0.555556+HUSA
[eleleleig SJAP = D.555556%SUSA
C
cgooos CALL STEAMZIC(PJAP,TJAP,VIAP-HJAP,SJAP,INDEX)
C
C USA <---- JAPAN
C
co0GQoy PUSA = 14.223133xPJAP
aQco1e TUSA = 1.8xTJAP+32.
000011 VUSA ="16.0187xVJjAP
oooole HUSA = 1.BxHJAP
000013 SUSA = 1.8BxSJAP
c
000014 RETURN
000015 END

SPECIFIED OPTIONS: OPTIMIZE(2), LINECOUNT(O),NOS,ELMCHENRY1),SOURCE,DEBUGCSUBCHK)Y , ALIGNC, NOMAP
END OF COMPILATION
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B. 3 REENOEETEZEHDAZXZAXHE370553AH (MOODYDRY T EFILICK
BHEEHT)

ccocceecccococececececoegoeoccceccececceecceeeeececocceceecececececececcccceccecc

cce CCCe
cCcC SOLVE LEAK RATIO THROUGH A CRACK cccc
ccc BASED ON MODDY MODEL cccce
cce CALICULATION OF CRACK ANGLE WHEN LEAK RATE IS GIVEN cccc
cce [
cCe 9-10 -'88 MODIFIED BY H.SHINCKAWA cCece
CCCCCCCCCcCCCcCCCcccccceoceccoccoccococeccccceececceeceeccececccocceccecececececerncee
C

C *sxxxx THE INPUT TO THE PROGRAM xtxxxx

C

¢ FIRST CARD

C DIA=NORMAL PIPE DIAMETER (MM>

C SY=SIGMAY (KGF/MM2Z)

C PB=PRIMARY BENDING STRESS {(KGF/MM2)

C WG=LEAK RATE (GPM)

C E= ELASTIC MODULUS {(KGF/MM2)

C

C SECOND CARD

L PO=PRESSURE <{(KGF/CMZ2G)

C EPS=THE HEIGHT OF PROTRUSION OF THE ROUGHNESS GRAIN FROM THE MEAN

C SURFACE (MM

C CD=CRACK DEPTH (MM)

C QX0=FLUID QUARITY {(ND DIMENSION)

C DPO=DELTA PRESSURE (KGF/CMZ2G)

C

00001 IMPLICIT REAL*B(A-H,0-2)

oooo02 DIMENSION TITLEC20)

000003 COMMON P(R9F), V(G99 VGLR99 VLTI, VM(FIDI,H(FPD),HG(FFF) ,

1 HL(999),QX (9993 ,5{(999),SG(999),5L(999),5R{(999),
2 TEMP(999)

ofslsTefeA DATA PAT/3.14159265/

00Q0o0s5 111 READ(5,1C00,END=99%) (TITLE(JY.,J=1,20

000006 READ (5,200) DIA,SY.PB,WG,E

000007 READC(5,300)PO,EPS,CD,QX0,DFO

000008 WRITEC(6,100) (TITLECJY,Jd=1,20)

00C009 WRITE(6,200) DIA,SY,PB,WG,E

000010 WRITEC6,30C)YPO,EPS,CD,QX0,DPO

g00011 100 FORMATC(IH ,20A4)

Qooo1lz2 200 FORMAT(LH ,4F10.3,F10.0)

000013 300 FORMATC(1H »F10.3,F10.6,F10.3,F10.6,F10.3)
CeCeCCoooeccccccccoccoccecerececececceceeecccccecceececeececceeececcceccececcee
cCce SOLVE CRACK ANGLE . ALPHA=LAMDAxL/DH cCC
ccc IF OVERFLOW OCCURED, THETAD SHOULD BE CHANGED AN APPROP- CCC
CCC RIATE ANGLE. cec
ccce cCce
cCce cCce
coecLccecocccecocococeocecceococeccccecececceccococeccoocecooccececceeeeccceccecoececece
c

000014 THETAD=30.0

oooe1s R=(DIA-CD>/2.0

CoQ016 PM = POx (R-0.5%CD)#**2/CD/R x0.005

000017 P1=10000.0%¢PO+1.033)

000018 DP=10000.0%DPO

000019 FMIN=10330.0

000020 W=0.0626658xWG

goo021 LCOKT=888

Qo002 2 ICONT=1

£oo023 DD 10 I=1,30

cooo24 CALL COAP{(PM,R.,SY,E,.THETAD,PB,COA,1)
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000025 COD=114.59156%C0OA/ (PAL*THETAD*R)
ooce26 F=1.0/¢2.0*%DLOG1CC(PAI*COD} /(4. 0%EPS))+1.74)%%x2.0
000027 ALPHAO=(Z2.0%FxCD)/¢(PAI*COD)
C WRITE(&,602) ALPHAD
000028 G=(Wx1.0D+6)/COA
000029 LCONT=999
000030 CALL MOODY(P1,G.QX0,DP,PMIN,ALPHA1,IMAX,LCONT)
000031 DAD=ALPHAL1-ALPHAOD
000032 IF(LCONT.EQ.1) THETAD=THETAD-5.0
000033 IF(DABS(DAC)-0.05) 30.30,20
000034 20 THETA1=THETAD+0.05
000035 CALL COAP(PM,R,SY,E,THETA1,PB,COA,1}
000036 COD=114.59156%COA/ (PAI*THETAL1*R)
000037 F=1.0/¢2.0*DLOGI0C(PAI*COD) /(4.0%EPS))+1.74)%%2.0
000038 ALPHAO=(2.0%xF%CD)Y/{PALI*COD)
C WRITE(6,602) ALPHAD
C 602 FORMAT(1H,40X,10H ALPHA= ,F15.3)
000039 G=(W%1.0D+&) /COA
000040 LCONT=999
000041 ICONT=1
000042 CALL MOODY(P1,G,QX0,DP,PMIN,ALPHAL, IMAX,LCONT)
000043 DA1=ALPHA1-ALPHAD
000044 LF(DABS(DA1}~0.05) 70,70.,60
000045 70 THETAD=THETA1
000046 GO0 TO 30
000047 60 THETAD=THETA1-(DA1%0.05/(DA1-DAO))
000048 IFCLCONT.EQ.1> THETAD=THETA1-5.0
C WRITE(6,601) THETAD
¢ 601 FORMAT(1H ,10H THETAD= ,F10.3)
00004G 10 CONTINUE
000050 WRITE(4,400)
000051 600 FORMATC(/,43H MAIN LOOP REITERATION IS OVER.NO SOLUTIOR)
000052 30 PBPM=PB+PM
000053 WRITE{6,402) (TITLEC(J)Y,J=1,20)
000054 402 FORMATCIH1,/7,20%X,20A4/)
00C055 WRITE(4,403) DIA,CD,SY,E,THETAD,PO.,PB,PM,PBPM
000056 403 FORMATC(/,10X, 10HDIAMETER= ,F15.5,3H MM,/
1 +10X, 10HTHICKNESS=,F15.5,7H MM ./
2 +10%, 10H SIGMAY= ,F15.S5,7H KG/MM2,/
3 ~10%., 10H E = 1F15-5;/
4 +10%X, 10H THETA = LF15.5,4H DEG,/
5 +10X, 10H PRESS = ,F15.5,BH KG/CM2G,/
& 10X, 10H PB = ,F15.5,7H KG/MM2.,/
7 »10%, 10H PM = ,F15.5,7H KG/MM2,/
8 +10X, 10H PB+PM = ,F15.5,7H KG/MM2)
000057 WRITE(6,702) QXO,EPS,CD,DPO,COD,ALPHAO,ALPHAL,G-COA-W,HWG
000058 702 FORMAT(//,10%.,10H QX0= sF15.5,
. 1 /-10%X,10H EPS= FF15.5,7H MM .
2 /+,10X,10H CDEPTH= ,F15.5,7H MM .
3 /,10%X,10H DP = +F15.5,7H KG/CM2.,
4 /-10X,10H £OD= FF15.5,7H MM ,
5 f/+10X,10H ALPHAO= LF15.5,
6 /+10%,10H ALPHA1= ,F15.5.,
7 /+10X,10H G = +F15.5,7H KG/M2S.,
8 /+10%,10H COA= sF15.5,7H MM2 ,
3 /-10%,10H W = +F15.5,7H KG/S .~
A /-10X,10H W = +F15.5,14H GPM AT &0 DEG)
000055 CALL COAP(PM,R,SY,E,THETA1,PB,COA,999)
00CCs0 WRITE(&,5604)
000061 604 FORMATC 4H NO , 7H  PRESS,10H QUALITY ,6H V ‘
1 BH ENT H .B8H ENT HL ,B8H ENT HG .,
2 GHENT 8 ,7H EN SL .BH ENT SG -
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ereleleirg
cCgoos8
000009
Q00010
ogo011
ggootle
000013

000014

000015
000016
000017
000018
000019
000020
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000024
000025
000025
000027
000028
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000002
000003
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3 9H Vi s6H VG +BH VM2
b0 5 J=1,IMAX
5 WRITE(S,603)3J,PCJ) AXCI) V),

1 HOIY A HLOD) A HG G 25 (U »SLCU Y ,SGCU) A VLECI) L VG UYL UMCD
603 FORMATC( 14,F9.0,F6.3, E10.3, 3F7.2,2F6.3, F7.3,2E10.3)
GO TO 111
999 STOP
END
CLLCCCCCCCCCCCCCCCCCCCLCCCCECCLCCeCCCCCCCCCCCCCCCCCCCOCCCLLCLECCCCET
CCCC ccec
SUBROUTINE COAP(PM,R,S5Y,E,THETAD-PB,COA,ICONT)
CCCC TADA-PARIS EQ. PREDICT OF CRACK OPENING AREA ceee
ccee ccce
Cccc ccce

CCCCCCCCCCCCOLCCCCCCCCCCCClCCCCCCCCLCCCCCCCleTCoCCCCeCCCClCCCCCCCCClrr
IMPLICIT REAL*8(A-H,0-2)
DATA PALI/3.14159265/
THETA = 0.017453% THETAD
THN=THETA/PAI
FT = 1.0 + 7.5% THNx*1.5 - 15.0 % THN##2.5 + 33.0 *THN#x3.5
FB = 1.0 + 6.8% THNx*1.5 - 13.6 * THN*%2.5 + 20.0 *THN*x3.S

SIFT = PM*xDSQRT{(PAI*R*THETA) * FT

SIFB = PB*DSQRT(PAI*RxTHETA) x FB

SIF = SIFT + SIFB

THEFF = THETA + SIF*x%2/{2.0%*PAI*RxSY*%2)
TN = THEFF/PAI

AIT = 2.0xTHEFF*x%x2%(1.0

+ TNxx1.5+(B.&-13.3%xTN + 24.0*TN%%2)

=y

2 + TN**3.0%(22.5-75.0xTN+ 205.7%TN%+2
3 247 5% TN*%3 +242 . 0xTNx%x&) 3}
C AIB = (3.0 + COSCTHEFF))Y*0.25 % AIT

AIB = 2_OxTHEFFx%x2 % (1.0

1 + TNxx1.5 x(8,2-12.7+TN +19 . 3*TN*xx%x2)

2 + TNxx3 0 *(20.4~68.0%xTN+185,2xTN=x?

3 ~187.2% TNx*%3+146_7 *TNxx4 ) )
AT = PM/E % PAI*Rxx2 x AIT

AB = PB/E % PAI*Rxx2 % AIR

COA=AT + AB
IFCICONT.EQ.1) GO TO $%¢
WRITE(4,400)
400 FORMATC(/, 50H S.I.F AND CRACK OPENING AREA BY PARIS-TADA EQ.

1 50H THETA TETAEFF PM FB FT FB ‘
2 2X,25H SIFT SIFB SIF 3
WRITEC(6,401Y THETA,THEFF,PM,PB,FT,FB,SIFT,
1 SIFB,SIF
401 FORMATC( 2X,2FB8.4,2FB.4,3FB.3,2F8.4)
WRITE(6,404)
404 FORMATC(/,1H,4X,37H IT 1B AREAT AREAB AREA>

WRITE(6-405) AIT,AIB-AT,AB,COA
405 FORMAT( 2X,2F8.5,3F8.4)
?$9 RETURN

END
CCCCCCCCCCCCLOOCCCLLOCCCiCCCleCCCCCtCtCCCCCCCCCCCCLCCCCCCLCECCCCee
C cce
c cce

SUBROUTINE MOODY(PQO,G,QX0,DP,PMIN,ALPHA,IMAX,LCONT)

c ccc
C CALCULATION CRITICAL FL.OW FASS BY MQODY'S MODEL cce
C SR=SLIF RATIO ccc
CCCCCCCCCCCCCCCCCCCCCCCCCCCCLLllllailalCCCCOCOCCCCCLCCCLLCCCCaCECE

IMPLICIT REAL*B(A-H,0-2)
COMMON P(999),V(599), VG999, VL (P99, VM(TTP) H(PFS) , HG (D99 »

/s
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000015
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000022
000023
000024
000025
000026
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000028
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000032
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000001
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C

DO OO

604

605

606

601

[+ BN e SRV N YR (SR

999
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HL(999),QX(999),5(999),5G(999),5L(999),3R(F%%),
TEMP (999>

PO=P0O/1CC00.0

PS=FPO

TS=TSAT{(PS3>

TEMPO=TS

WRITE(6,604) G,PC(I)

FORMAT (10H G= ¢ F15.5,10H PCI)1 =, F15.5)

CALL STEAMZ(PO-TEMPOQ,VGO,HGO,5G0,2)

CALL STEAMZI(PO-TEMPO,VLO,HLO,SLO,4)

PO=POx10000.0

HO=HLO+QX0*x (HGO-HLC?>

VO=VLO

VYMO=VLO

N=(PO-PMIN)/DP

0o 3 I=1.,N

P(I)=PCO-DP*FLOAT(I)

P(I>=P{L1}/10000.0

PS=P{I}

TS=TSAT(PS}

TEMP(I) =TS

WRITEC6,605) G,P(ID

FORMAT (10K G= s F15.5,10H PC(I>2=, F15.52

CALL STEAMZ(PCID),TEMPCIZ  VG(I) - HG(I),SG(I),2) )

CALL STEAMZ(P(I),TEMPCI) »VLCIYABLUIY,SLA(IY 4

PCIX=P(I)%1C000.0

SRCIY=(VGCI)Y /LI ) *%x(1.0/3.0)

CALL QLTY(@X{I),SRCID),VLC(I),VGCI), HLCIY,HG(IY,HO,G,LCONT)

VOL)=VLCDY+QX D) * (VG (IX-VL (I

HOID=HL{IY+QX (I * (HGCIP-HLCIY)

SCIM=SLCIJ+AXCII*x(SG(I)-SL(L)>

VMCI)={SR{IJ*(1.0-QX (D) VL CIX+AX (1) xVG{I))*
CAXCII+(1.0-QX (1Y) /SR{II)

FIND SMAX DEFINE P-CRITICAL

IFCI-104,4,2

IFCSCIY.LT.8MAX) GO TO 1

SMAX=5(I}

IMAX=1

PC=P (I

CONTINUE

WRITE(6,-606) I

FORMAT(/,5X.4H I= ,14,27H ENTROPY MAX DOES NOT EXIST)
LCONT=1

CALL INTEG(S1,82,P0,IMAX,V,P,VM,VO,VMD)
ALPHA=2.0%9.80665/G%%2x51-2.0%52

IFCICONT.EGQ.1> GO TO 999

WRITE(6,601) PO,TEMPO,G,QX0,DP-PMIN-PC,SMAX,ALPHA

FORMAT(/,1CX,10H PO = r F15.3-
/,10%X,10H TO0 = ’ F1G.3,
{f,10%X-10H G = + F15.5.,
/-10X-10H QX0 = r F10.3,
/-10X-10H DP = r F10.3,
/+,10%,10H PMIN= ’ F10.3.,
f,10%,10H PC = s F10.3,
/r10X,10H SMAX= s F15.5+«
/»10X,10H ALPHA= s F10.3./7/4)

RETURN

END

SUBROUTINE QLTY(@X,SR,VL,YG,HL,HG,HO,G,LCONT)
IMPLICIT REAL*8{A-H,0~-1)
GRAV= 9.80665



000004
000005
000006

cooeor

000008

Qoo0Ce
ooo010
000011
000012
000013
000014
000015
000014
000017
co0018
Quocly
000020
nopoz1
000022
000023
000024
0Q0025

000026
000027
000028
000029
000030
000031
000001
000002
000003
000004
0000CCS
000CCH
000007
cooooe
000009
000010
000011
000012
Q00013
000014
000015
coceie
000017
000018
000019

[

3

601
1
2
3

1

JAERI-M 90-050

AA= 1.0/426.B58

A = (1.0-1.0/SR*%x2)%(1.0-2.0%SRxVL/VG+SR*%2%x(VL/VGI=*x%2)

B = {(1.0-2.0%SR*VL/VG+SR**2x{(VL/VGIx%2)/SR%x*x2+
2.0*(1.0-1.0/SR*x*2)%SR*xVL/VG*(1.0-VL/VG*5R)

C = 2.0/SR*VL/VGx(1.0-YL/VG*xSRI+(SRx22-1.0Y%x(VL/VUG)%xx%x2+
(HG-HLY 7 (VG**x2*xAAXxGxx2) x2 _0xGRAV
D == (HO-HLY /{VGxx2xAA*x5xx2) 22 OxGRAV+ (VL/VG) xx2
AAh=1/427 KCAL/KG-M
SOLVE AX*xx3+BX#*32+CX+D=0
O<=X<=1
X¥1=-0.1
X2=1.0
X=(X1+X2)/2.0C
Y1=A*xX1xx3+BxX1x*2+CxX1+D
Y2=A%xX2*%*3+BxX2*%x2+CxX24+D
YoRxXxx3+B* X kk2+Cx X +D
IF(YI*Y . LE.O.D) X2=X
IF(Y2*Y_LE.D_0) X1=X
AN=(X1+X2)/2.0
IFCY1*Y2.GT7.0.0) GO TO 3
EPS=ABS C(X-XNJ)/XN>
IFC(EPS.LE.2.0E-6) GO 7O 1

X=XN

GO TG 2

LCONT=1

WRITE{6,601) Y1,Y,Y2

FORMAT(/20X,10H F(X1)= +E15.5,7,
20R-,10H  F(X) = +EL5.5,/,
20X,10H F(X23)= +E15.5,/.,
20X,30H EQ.CAN NOT BE SOLVED b

CONTINUE

X=XN

AX=X

IF(RX.LT.0,0) GaX=0.0

RETURN

END

SUBROUTINE INTEG{(S1,.52,P0,IMAX,V,P,VM,VO,VMO)
IMPLICIT REAL*8(A-H.,0-2)
DIMENSION V(999),P(999) ,VM($9%)
§1=0.0

52=0.0

DO 1 I=2, IMAX

DP=P(I)-P(I-1)
DVM=VM(IY-VM(I-1)
VX=(V(I-12+V(I3>/2.0
51=51+DP/VX

S2=S2+DVM/VX

CONTINUE
DS11=(PC1)-POY*2.0/(V{1)+V0)
DSZ21=(VM{1)-VMOI*x2.0/(V(1)+VO)
$1=51+DS11

S2=582+D521

§1=-51

RETURN

END
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B. 4 RAENOEBEZHOARXITZKROHETOVSL (HENRYDERREFILICEKS
BT )

MODIFICATION OF EPRI'S PROGRAMM FOR LEAK RATE THROUGH CRACKS
CALCULATION OF CRACK ANGLE WHEN LEAK RATE IS GIVEN

V. 1.0 '88. 9.19. BY H.SHINOKAWA
xxx THE INPUT TO THE PROGRAM xxx

FIRST CARD
TITLE CARD

SECOND CARD

IN=1 —--> INITIALLY SATURATED LIQUID,.INPUT TEMERATURE ONLY
IN=2 —--> INITIALLY SATURATED LIQUID,INPUT PRESSURE ONLY
IN=3 --> INITIALLY SUBCOOLED LIQUID.,INPUT BOTH TEMERATURE AND PRESSURE
BEND = BENDING STRESS (KGF/MM22

PO = STAGNATION PRESSURE (KGF/CMZ2)

TO = STAGNATION TEMPERATURE (CD

PB = BACK PRESSURE (KGF/CM2)

THRESH = THERSHHOLD VALUE, ORIGINAL VALUE = 1.E-3

E = YOUNG'S MODULUS (KGF/MM2)

SY = SIGMA Y ( KGF/MM2)

THIRD CARD

DIA= PIPE DIAMETER (MM)

W = LEAK RATE ( GPM

ED = PIPE WALL THICKNESS (MM)

EK = THE HEIGHT OF PROTRUSION OF THE ROUGHNESS GRAIN FROM THE MEAN
SURFACE (MM2

AR = AREA RATIO = AE/AQ
N1 = NUMBER OF 90 DEGREES TURNS IN THE CRACK PATH
N2 = NUMBER OF 45 DEGREES TURNS I[N THE CRACK FATH

¥*xx JAERI'S STEAM TABLE #xx%¢

STEAMI(P,T,V,H,5,INDEX)

INDEX=0 --> SUBCOOLED WATER OR SUPERHEATED STEAM, INPUT BOTH PRESSURE
AND TEMPERATURE

INDEX=1 --> SATURATED STEAM, INPUT TEMPERATURE

INDEX=2 —--> SATURATED STEAM, INPUT PRESSURE

INDEX=3 —-> SATURATED WATER, INPUT TEMPERATURE

INDEX=4 ~-> SATURATED WATER, INPUT PRESSURE

ﬁﬁr‘)ﬁﬁﬂfjﬁﬁ(‘!ﬁ('l("ﬁrﬁﬁ(‘!l"ﬂﬁﬁ("lﬂﬂﬁﬁﬁﬂﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

000001 IMPLICIT REAL*8 (A-H.,D-I2
oogooe2 DIMENSION TITLE(20)
000003 COMMON /BL1/EL-EW,GM,PCC, XY -XA,PER,GC,GALLON
Co0004 COMMDN /PP/ PO,TO,XLD,FF-AR,IN,CD,DH,THETA
c
0000053 1 READ (9,14,END=1000) (TITLEC(J),J=1,20)
000006 READ (9,10) IN,BEND,PO,TO,PB,THRESH,E,SY
Q00007 READ(9,15) DIA,W,ED,EK-AR,N1,N2
000008 WRITEC(S6,14) (TITLECSY J=1,20)
efaelolole) WRITE(4,10) IN,BEND,PQ,70,PB-THRESH,E,SY
000010 WRITEC(S&,15) DIA,W,ED,EK,AR,N1,N2
000011 WRITE(&,599) (TITLECJ),J=1,207
C
000012 PAT = 3.141592654
000013 R=(DIA-ED>/2.0
000014 P1=PO-FPB
000015 PM = P1% (R-0.5%ED>*#2/ED/R *0,005



000016

000017
000018
000019
000020

000021
0oooee
000023
0gocas
000025

000026
000027

000028

0Qo029
000C30
000031
000032
C00033
020034
000035

000036
000037
000038
000039
000040
000041
000042
000043
000044
Q00043
000048
0G0047
000048
000049
000050
oooos1
c00052
0C0053
000054
0Qo0s5
0C00%6
Qo0057
000058
000059

000060

e el el

(el
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FBPM=BEND+PM

1F FLOW IS CHOCKED, THE INITIAL CRACK ANGLE SHQULD BE

401

500
@9

398
L02

403

520

540
550

€3~ O w1 N e

CHANGED TO ANODTHER SUITABLE ONE

THETAD=80.

Do 399 I=1,10

CALL COAP(PM,R,SY,E-THETAD,BEND,AREA,1)

CALL HENRYC(AREA,PB,THRESH,ED,EK,N1-N2-GG-R,
THETAD?

IF(DABS(W-GGI-0.01) 402,402,401

G1=GG

THETAD=THETAD+0.05

CALL COAP(PM,R,SY,E,THETAD.,BEND,AREA,1)

CALL HENRY(AREA,PB,THRESH,ED,EK,N1,N2.GG,R~
THETAD?

IF(DABS (W-GG>-0.01} 402,402,400

THETAD=THETAD-C(GG-W)*0.05/(GG-G1)2

CONTINUE

WRITE(6,398)

FORMAT(/,43H MAIN LOOP REITERATION IS OVER.NO SOLUTION?

CALL COAP(PM,R,S5Y,E,THETAD,BEND,AREA,?9%)

EW=114.59156xAREA/(PAI*THETAD*R>

WRITE(&6,5398) EW

WRITE(4,403) DIA,ED.SY,E,THETAD,P1,BEND,FM-PBPM

FORMAT(/,10X, 10HDIAMETER= ,F15.5,3H MM,/

F10%s 10HTHICKNESS=,F153.5,7H MM s
+10¥, 10H SIGMAY= ,F15.5,7H KG/MM2.,/
10X, 10H E = sF15.5,/
+10Xs 10H THETA = ,F15.5.,44 DEG.,/
»10X, 10H PRESS = ,F15.5,8H KG/CM2G-/
10X, 10H PB = ,F15.5,7H KG/MM2,-/
710X, 10H FM = ,F15.5,7H KG/MM2,/
+10%, 10H PB+PM = ,F15.5,7H KG/MM2)}
PRINT 600

PRINT 405-F0
PRINT 610,70
GO TO (520,530,540),1IN
PRINT 615,1N
GO 7O 55¢
PRINT 616,IN
GO 7O 550
PRINT 617,IN
PRINT 620.,PB
PRINT 630
PRINT 710,EL
PRINT 720,EW
PRINT &670,ED
PRINT 730.,DH
PRINT &%5,%LD
PRINT &673,EK
PRINT 4660,AREA
PRINT 665,PER
PRINT &80,AR
PRINT 585-N1
PRINT 690,N2
PRINT 70Q,THRESH
PRINT 750

1 LBM/(FT**%2%S) = 4.8BB243 KG/(Mxx2x5)

PRINT 770,GC,GALLON



000061
0000462
000063
000064

000065
000066
000067
000048
000069
000CY0

000071
0Cc0072
000073

000074
000075

000076
jsgelelelrars
000078
000079
000080
0Qoo81
000082
000083
00c084
000085
000C8Bs
000087
0oo088
000089
0000%0
000091

0000%2
000093
000074
000093
Co00%96
000097
000058

goooel

0QeCoo2
000003
000004

000005
000006
ooooo7
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PRINT 800D,GM.,GG
PRINT 8530,FPCC
PRINT Q0Q,XT
PRINT 950,%A

C
i4 FORMATC(IH 20847
10 FORMAT(IH ,I1,F9.4,6F10.3)
15 FORMATC(IH »5F10.5,211Q2
538 FORMATC("+',45X,F10.6)
599 FORMAT("1',20A4)
600 FORMAT("0O',"#xx%x HENRY MODEL **xxx',/
1 s'xxx STAGNATION PROPERTIES x%x',/)
605 FORMAT('O'", 'PRESSURE(PO)="',F10.0,2X,"KGF/CMZA")
510 FORMAT('O', "TEMPERATURE(TO)=",F10.1,2%,'C")
615 FORMATC('O',*'INPUT INDICATOR(IN)=',IS5,"' —---> INITIALLY SATURATED LI
*QUID, INFUT TEMPERATURE ONLY'}
616 FORMATC'Q',"INPUT INDICATORCINI=',IS,' ——-> INITIALLY SATURATED LI
*QUID,INPUT PRESSURE ONLY ™)
617 FORMATC'O','INPUT INDICATORCIN}=',I5,"' ---> INITIALLY SUBCOOLED LI
*QUID,INPYUT BOTH TEMPERATURE AND PRESSURE')
520 FGRMAT('0','BACK PRESSURE(PB)=',F10.1,2X,»"KGF/CM2A"',/)
650 FORMAT('O','+xxxx CRACK GEOMETRY %xxx%xx',/)
60 FORMATC('O', "AREA=",F10.4,2%, " MMxx2")
665 FORMATC('0','PERIMETER=",F10,2,2X,"'MM")
670 FORMAT('O',"DEPTH=",F10.2,2X%X,"MM")
675 FORMATC"Q",'ROUGHNESS HEIGHT=",E12.4,2%, 'MM")
680 FORMATC('0O','AREA RATIOCAE/AQ)=',F10.2)
685 FORMATL('Q0','NO, OF 90 DEGREE TURN=',I100
690 FORMAT("0C',"NO. OF 45 DEGREE TURN=',I1Q)
695 FORMAT('Q'",'DEPTH/HYDR. DIA.=",F10.1,2
700 FORMAT{'0",'THRESHOLD VALUE =',F10.5.//}
710 FORMATC('O',' 2C=",F10.5,2%,"MM")
72C FORMATC(TO',"EQUIVARENT COD=',F10.5,2%,"MM")
730 FORMAT('Q',"HYDR. DIA,=",F10.5,2X,'MM")
750 FORMATC'Q", "sxxk¥ QUTPUT *x*xxxx',/)
770 FORMATC('O",'CRITICAL MASS FLUX =", E15.4,2%,"KG/Mxx2/SEC"/
1 s =t, E1S5.4,2X,"GPM/MMxx21)
800 FORMAT(T0Q','LEAK RATE ="', E15.4,2X,"KG/SEC =',F10.5,2%,'GPM")
850 FORMAT('0O','PRESSURE AT EXIT PLANE =',F10.1,2X,,'KGF/CMZ"'}
900 FORMATC('O','QUALITY AT EXIT PLANE =',F10.4)
950 FORMATC(T0O','QUALITY AT BACK PRESSURE =',F10.4)
GO TO 1
1000 STOP
END
ceeeeceeococecoeccecoececceceeccecccoocecoccccocccceccecceceecececececcoceeeecce
cee cc
SUBROUTINE HENRY(AREA,PB,THRESH,ED,EK,N1,N2,GG,R,
1 THETADD
cce e
cee cC

ceceoececececcecececcccecteeccoocococeacececcceecceccecococececceeecaceaced
IMPLICIT REALxB (A-H,0-2)
COMMON /BL1/EL-EW,GM,PCC,XT,XA,PER,GC,GALLON
COMMON /PP/ PO,TO-XLD,FF,AR,IN,CD,DH,THETA

C

CD = 0.61

PAL = 3.141592654

THETA = 0.5xPAl
c
C 1KFA= 1000N/Mxx2= 1000KG/M/S*x2= 1000/9.B*E-& KGF/CMxx?2
C = 1000%E-4/9.8/0.07031 LBF/IN%xx2= 1000/6890.4 LBF/INx%=x?
C
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000C08 PCV = 6.894757E+3
000C07 NSTEP = 200
000010 EW=114.59156%AREA/(PAT«THETAD=R?
000011 EW=PAIxEW/4,
0Qoo0l2 PO = 9BD64.5xPO/PLY
C00013 TO = 1.8%T0+32.
0000114 FB = 98066.5%xPB/PCY
coo013 EL=PAI*R*xTHETAD/%0.
000016 EL = EL/25.4
000017 EW = EW/25.4
000018 ED = ED/25.4
000019 EK = EK/25.4
Q00020 IK = 0
000021 AREA = EWxEL
0oo0e? PER = 2.x(EW+EL}
oooo023 AREA = AREA/(304.8=xx2)
00024 PER = PER/12.
000025 ED = ED/12.
cQ002¢6 EK = EK/12.
000027 DH = 4.xAREA/PER
000028 XLD = ED/DH+50.#N1+26,%N2
000029 IF(XLD.LE.12.) GO TO 400C
000030 RK = DH/2./EK
000031 FF = 1.0/(2.%DLOG10OC(RKY+1.74)x%2
c .
c
000032 IFCIN.EQ.1) THEN
Q00033 TEMP = TO )
000034 TEMP= (TEMP-32.0)*0.5555556
000035 PRESS = PSAT(TEMP)
0000346 PO = PRESSx14.223133
0o0037 ENDIF
C
000038 DPF = (PO-PB)Y/FLOAT(NSTEP)
Cooo3e PL = PB
000040 30 CALL PR(PL,PCC,PT,GC,XE-XT,1C)
00co41l IF(IC.E®.2) GO TO 55
000042 IFCIC.NE.3) GO TO &0
000043 I£ = IK+1
000044 PL = PL+DP
000045 IF{IK.LT.NSTEP) GO TO 30
000046 GO TO 55
000047 40 PD1 = PL-PCC
000048 NM2 = NSTEP-IK
¢
000049 00 50 I=1,NM2Z
000050 PH = PL+DPF
000051 CALL PR(PH,PCC,PT,GC,XE,XT,IC)
00Q0se IFCIC.EQ.2) GO TO 55
000053 PD2 = PH-PCC
000054 IFC(PDI*PD2).LT.C.)Y GO TO 100
Q00055 PL = PH
000056 PD1 = PDZ
000057 50 CONTINUE
C
000058 55 PRINT 75,PQC-TO,PB
00005% 75 FORMATC'-",10X,'*xx FLOW IS NOT CHOKED FOR THIS CASE xx=x',
13F10.22
000060 GO TO 400
000061 100 CONTINUE
000042 PDL = PD1
000063 PDH = PDZ



000064
C00C65
000066
000067

000068

000069

0Q0070
000071
000072
000073
000074
000075

000076
000077

000078
Q00079
0a0080
000081
000082
000083
o0008B4
000085

00008s

000087
ooooB8

000089
0Q0Q%0
000091
000092
0000%3
CO00%4
000095

00096
000097
000098

000099
CeR100
000101
000102
000103
000104

000105
000106
000107

¢

Do

tx%x THR
x+*% THR

250 FDH
P
200 CON

PRI
220 FOR
=*LAR

GO
300 CON
EN

GM
ARE
PER

ED

EK

PRE

JAERI-M §0-050

200 1=1,50

PX = (PH#PDL-PL*PDH)Y/(PDL-PDH)
CALL PR(PX,PCC,PT,GC,XE, XT,1C()
PDX = PX-PLC

IFCABS(PDX).LT.THRESH) GO TO 300

ESHOLD VALUE WAS CHANGED BY HASH =*xx
ESHOLD VALUE WAS CHANGED BY IS0 62.02.06 %x*x

IFCABS(PDX).LT.1.E~-3> GO TO 300
IF(ABS(PDX).LT.5.E-3) GO TO 300
IFCABS(PDX).LT.1.E-2) GO TO 300

IFC{PDX*PDHY.GT.0.3) GO TO 250

PDL = PDX
PL PX
G0 70 200
= PDX

= PX
TINUE

NT 220,PL,PH,PDL,PDH
MATC('=","xx%x FAIL TG CONVERGENCE.
GER THRESHOLD VALUE *xx',4F15.4)
TO 1000

TINUE

PCC/PO

AREA*GC

144 . %AREA

12.%PER

12.%ED

12.%EK

A

B

38 = PCC

LR A

CALL JAERI(PRESS,TEMP,VOLG-ENTAG,ENTOG.,2)
CALL JAERI(PRESS,TEMP,VOLF, ENTAF,ENTOF.,4)

pCC
TS2
H1
H2
HHE
GO
400 CON

PRE
TEM
G0

PRESS

TEMP

ENTAF

ENTAG
XT*H2+(1.-XTIyxH1
TO 500

TINUE

Fononon

PO
T0
11,12,13),1IN

58
P
TO

~ i

11 CALL JAERIC(PRESS,TEMP,VOLF,ENTAF,ENTOF,3)

GO

T0 2000

12 .CALL JAERI(PRESS,TEMP.,VOLF,ENTAF,ENTOF,4)

GO

TO 2000

13 CALL JAERI(PRESS,TEMP,VOLF,ENTAF,ENTOF.,0}

2000 LON

PO
T0
VLo

TINUE

PRESS
TEMP
VOLF

iwoarn

x*xx TRY TO INPUT MUCH



000108
0C0109
000110
0cec111
000112
000113
00C114
000113
000114
000117
000l18

000119
000120

ogo121
000122

000123
000124
000125
000126
gool1z27

000128
000129
000130
000131
000132
000133
000134
000135
000136
000137
0ool138
000139
GO00140
000141
000142
000143
000144

000001

00Qoo2
C00003
elelelodelA
Q00005

JAERI-M 90-050

o
C Vol oOND CHOKING hirnd
c Gxx2 = 2xRO%x(PO-PB) = 2+ (LBM/FT*x3)xLBF/IN%22
C = Z2xLBM/FTxx3x(32,15LBMxFT/Sxx2)/INxx2
C = 2432 15x L BM*%x2/(FT/12)%x%2/5%%2
C = 232 15+ 1hbx (LBMx5/FTxx2)xx?
C = 9264 .96% (LBMxS/FTxx2)xx?2
c
GC2 = 9266.112%(PO-PB)/VLOD
GC = S@RT(GC2)
GM = AREAxGC
pcc = PB
XT = 0.
XA = 0.
AREA = 1454, %AREA
PER = 12.x*PER
ED = 12.%ED
EK = 12.%EK
GO TO 510
C
500 CONTINUE
C
PRESS = PB
C
CALL JAERI{(PRESS.TEMP,VOLG,ENTAG,ENTOG,2)
CALL JAERI(PRESS,TEMP,VOLF,ENTAF,ENTOF,&)
C
PB = PRESS
TSA = TEMP
H1 = ENTAF
H2 = ENTAG
XA = (HHE-H1)/({H2-H1)
C
510 PO = PO*PCV/98066.5
TO0 = (T0-32.7/1.8
EL = 25.4%EL
EW = 253.4%EW
ED = ED*25.4
DH = DH=*25.4x12.
EK = EKx25.4

AREA = AREA%25.4¥x?2
PER = PERx*253.4
GC = GCx4.8825
GALLON= GCx60.0/3.78543x1.E-6
GM = GM*0.4536
GALLON®AREA
PB FB+PCV/98066.5
PCC = PCCxPLV/OBOGE.S
1000 RETURN

END
c
ceeeeecececcccceecceocccecocccceccoccecceceecccccectocccecccccccccccececec
cccec ccce
SUBROUTINE COAP(PM,R,SY,E,THETAD,PB,COA,ICONT)
cecce TADA-PARIS EQ. PREDICT OF CRACK OPENING AREA ccce
ceee ccec
ccce ccee

ceceococcccoccceocececccoeceeccocececceeccccocccccccecoceccececccececccce
IMPLICIT REALx8(A-H,0-2)
DATA PAI/3.14159265/
THETA = 0.017453% THETAD
THN=THETA/PAI



0oo006
0GoQ07
000008
0000C%
000010
000011
000012
000C13

000014

000015
000016
000017
000018
Go001?
o020

000021

ooooz2
000023
000024
000025
000026
ogooz7z
000028

0ooo0l

0006002
000003

000004

Co0005
000008

0Qo007
000008
noodoe

000010
000011
gopole

[ el eNe

[pNeNeNeNel

a0
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FT = 1.0 + 7.5% THN#*%x1.5 - 15.0 * THN=*%*2.5 + 33.0 *THN%%3_5
FB = 1.0 + 6.8Bx THN=x1.5 - 13.6 % THN=x2_.5 + 20.0 #THN%x3_5
SIFT = PMxDSQRT(PAI*R*THETA) % FT

SIFB = PB*DSQRT(PAI*R*THETA) % FB

SIF = SIFT + SIFB

THEFF = THETA + SIF%£2/(2.0«PAI*R%xSY*%2)

TH = THEFF/PAI

AIT = 2. 0%THEFF*%x2%x(1.0

1 + TNxx1 . 5%x(B.6-13.3«TN + 24.0%xTNx%xx2)
2 + TNxx3.0%x(22.5-75.0%xTN+ 205,.7*TNx=%2
3 247 .5xTN*%3 +242 0%xTN*%4) 3
AIB = (3.0 + COS(THEFF)Y*0.25 *x AIT

AIB = 2.0xTHEFF*xx2 x (1.0

1 + TNxx1.5 #(B.2-12.7%TN +19.3%«TNxx2)
2 + TN%x%3,0 *(20.4-6B.0%xTN+165.2+xTN*%2
3 —187.2% TNx*x3+146.7 =TNxx4 ) b
AT = PM/E x PAI*Rx*x%2 x AIT

AB = PBJE + PAIL*Rxx2 % AIB

COA=RT + AB
IFCICONT.EQ.1) GO TO 999
WRITEC(S.,400)

400 FORMAT(/, 50OH S.I.F AND CRACK OPENING AREA BY PARIS-TADA EQ. /.,

1 50H THETA TETAEFF PM
2 2X,25H SIFT SIFB SIF

PB
b

FT FB ’

WRITE(6,401) THETA,THEFF,PM.PB,FT,FB,SIFT,

1 SIFB,SIF

401 FORMATC( 2X,2FB.4,2F8.4,3F8.3,2F8.4>

WRITE(6,404)
404 FORMAT(/,1H,4%,45H 1T IB
WRITE(6,405) AIT,AIB,AT,AB,COA
405 FORMAT( 2X,2FB.5,3F8.4)
999 RETURN
END

AREAT

SUBROUTINE PR(PCK,PCC,PT.GC,XEAXT,IC)

IN=1 —--> INITIALLY SATURATED LIQUID.INPUT
IN=2 --> INITIALLY SATURATED LIQUID,INPUT
IN=3 --> INITIALLY SUBCOOLED LIQUID,INPUT

IMPLICIT REAL*8 (A-H,.D-2)

AREAB AREA con)

TEMERATURE ONLY
PRESSURE ONLY
BOTH TEMERATURE AND PRESSURE

COMMON /PP/ PO,TO,XLD,FF,AR,IN,CD,DH,THETA

Ic = 1
KAPPA=CF/CV

AKAPPA = 1.33

B = 0.0523
PRESS = PQ
TEMP = TO

GO TC (1,2,33,IN

INFUT TEMPERATURE ONLY !'1!

1 CALL JAERI{(PRESS,TEMP,VOLF,ENTAF,5L0.3)

PO = PRESS
VLO = VOLF
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000013 GO TO 1000
o
c INPUT PRESSURE ONLY !!!
¢
000014 2 CALL JAERI(PRESS,TEMP,VOLF,ENTAF,SLO,4)
0000153 TG = TEMP
000016 VLG = VOLF
000017 GO 70 1000
C
c INPUT BOTH PRESSURE AND TEMPERATURE ! !!
C
000018 3 CALL JAERI(PRESS,TEMP,.VOLF,ENTAF,S5L0,D
000019 VLO = VOLF
c
0oo020 1000 CONTINUE
c
000021 PRESS = PCK
C
¢o0022 CALL JAERI(PRESS,TEMP,VDLG,ENTAG.SGC,2?
000023 CALL JAERI(PRESS,TEMP,VOLF,ENTAF,SLC.&>
C
oo0024 PCK = PRESS
00005 TS = TEMP
000026 VGC = VOLG
Q00027 XE = (SLO-SLCY/{(SGC-SLC>
000028 CH = 1.0
000029 IF(XE.LT.0.05> CN=20.,xXE
000030 XT = CNxXEs{(1.-EXP(-Bx(XLD-12.)))
000031 XM = CN*xXE-XT/B/(XLD-12.)
0goo32 200 PC1 = PCK-0.5
Q00033 PC2 = PCK+0.5
C
000034 PRESS = PC1
c
000035 CALL JAERI(PRESS,TEMP,VOLG,ENTAG,SG1,2>
Q00038 CALL JAERI(PRESS,TEMP,VOLF,ENTAF,SL1,4)
C
000037 PRESS = PC2
c
000038 CALL JAERI(PRESS,TEMP,VOLG,ENTAG,SG2,2)
000039 CALL JAERI(PRESS,TEMP,VOLF,ENTAF,SL2,4)
QO0040 T8 = TEMP
00C041 DSL = SL2-SL1
000042 DSEG = 5G2-SG1
000063 DXE = —((1.~XE)*DSL+XE*DSGY/(SGL-5LC)
000044 GC2 = (UT*VGC/PCK/AKAPPA-(UGC-VILOY+CN*DXE) /32,174 /7144,
CO00045 GC2 = 1./GC2
Q00046 IF (GC2.GT7.0.Y GO TO 50
000047 I¢C =3
000048 RETURN
o
Q00049 50 GL=SQRT(GC2)
000050 DPT = GC2*xVYLO/2./CDxx2/32.174/ 144 . %AR¥%x2
000051 PT = PO-DPT
000052 IF (PT.GT.3.}) GO TO 100C
000053 I¢c =2
go005e RETURN
C
000055 100 CONTINUE
c
Co0056 PRESS = PT
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000057 CALL JAERICPRESS,TEMP,VOLG,ENTAG,5,2)
C
000058 PT = PRESS
000059 TS = TEMP
00C060 VGT = VOLG
000081 VGM = (VGT+VGCr/2.
000062 Al = (1.-12.%(1.-ARY/XLD}/AR
000063 GMZ = GC2%x(1.+1./AT*x2)/2.
C
C ACCELERATIONAL PRESSURE DROP
000064 DPA = GMZ2*XT*x(¥GC-VLO)
c
c FRICTIONAL PRESSURE DROP
000065 DPF = FF#(XLD-12.)#GM2x C (1. -XM)*VLO+XMxYGMY /2.
C
' C PRESSURE DROP DUE TO AREA CHANGE
Oooo&s DPFAA = GLZ2*x(VLO%(1.-AR**x2)+ XM (VGM-VYLOY*¢1.-1,/AL%xx2))/2.
c
C TFINTVTIIRTTT? ONICHT VERSTEHEN K i e e R
D0004s7 DPE = O0.5xC1. /VLO+1./(XT4VGC+ (1. -XTI)*xVLOY XL D*DH+SINCTHETAY /144 .
C 772277 7?277%7 NICHT VERSTEHEN A R A i i)
C
C TATAL PRESSURE DROP THROUGH CRACK
000048 PLC = PT-(DPA+DPF+DPAAY /32 1747144 -DPG
C
0oo06? RETURN
00070 END
C
000001 SUBROUTINE JAERICPUSA,TUSA,VUSA,-HUSA,SUSA,INDEX)
000002 IMPLICIT REAL%B (A-H,0-72
c
c JAPAN <---- [SA
C
Q00003 PFJAP = 0.070308*PUSA
000004 TJAP = 0.555556*x(TUSA-32.)
Qo000 VJIAP = 0.062427xVUSA
000006 HJAP = Q.555554%HUSA
0oononoer SJAP = 0.555556+5U54A
C
000008 CALL STEAMZ(PJAP,TJAP,VIAP,HJAP,SJAP,INDEX)
c
c USA <---— JAPAN
C
003009 PUSA = 14.223133%PJAP
Q00010 TUSA = 1.BxTJAP+32.
ooo011l VUSA = 16.0187xVJAP
ocool1z2 HUSA = 1.8#HJAP
000013 SUSA = 1.8x5JAP
C
000014 RETURN
Q00015 END

SPECIFIED OPTIONS: OPTIMIZEC2) ,LINECOUNT(O} ,NOS,ELMCHENRY2) ,SOURCE,DEBUG (SUBCHK)Y ,ALIGNC,NOMAP
EWD OF COMPILATION
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B. 5 EAERU Y rFhroDEBHREHEZTOSISL (MOODYDRY wTEFIICKDE
)

cccecocclcccececccctococccecoccecccocccecoecececcecceccececcecececececcececedceccecccccee

ccce CcccC
€ce SOLVE LEAK RATE THROUGH A RECTANGULAR SLIT CCCC
cce BASED ON MOODY MODEL Ccccc
cce - Cccc
CCa V., 1.0 9-30-"87 BY K.SHIBATA, N.CHUUJYOU e
ccce V. 2.0 2- 8-"89 BY H.SHINOKAWA cccce
ccc CONNECTION OF LEAK RATE CALCULATION cccce
cece ccce
cece INPUT/ 2C, COD, PRESSURE- CRACK DEPTH., ROUGHNESS, QUALITY (CCCC
cce OUTPUT/ LEAK RATE cccce
CCCCCCCCCcCCLCCCCoccccecoccccecacaocccceccecccoceecceccccocececccceccececececcee
C

ceceoo1l IMPLICIT REAL*x8(A-H,0~2)

oooQc2 DATA GMIN,GMAX/D.0C104,5.0D4/

000003 DIMENSION TITLE(20?

000004 111 READ(5,100,END=999) (TITLE(I),I1=21,20)

000005 READ (5.,200) <COD,CLENG

000006 READ(5-3000PO,EFS5,CD,QX0,DP0

oooQo07 WRITE(6,-100 (TITLECI),I=1,20)

C0G008 WRITE(6,200) COD,CLENG

coaces WRITE(6,300)P0,EPS,CD-QX0,DPC

Qo0ecQia 100 FORMATC(1H ,20A4)

000011 200 FORMAT(1H ,2F10.4)

Q00012 300 FORMAT(1H ,5F10.3)

000013 WRITE(6,402) (TITLECIY  I=1,20}

000014 402 FORMATCIR1,//,20X,20A4/)

000015 WRITEC(6,403) CLENG,PO

0000146 403 FORMAT(/, 8X,12H LENGTH(2C¥=,F15.5,7H MM !

1 10X, 10HPRESSURE =,F15.5,7HKGF/CM2)

000017 COA=COD*CLENG

000018 P0=10000.0%(P0O+1.033)

Q00019 DP=10000.0%DP0C

000020 PMM=0.0

ogoozl PMIN=10000,.0%x(PMM+1.033>

coeoozz ICONT=1

goee2s MM=0

0000C24 F=1.0/(2.0xD0L0G10{(COD/ (2.0%EPSY)+1.74)%x2.0

Qoo0es ALPHAO=(F*CD>/(2,0xC0D)

Q00026 MM=MM+1

0QooQ27 IF(MM.EQ.1) ICONT=999

000028 G1=GMIN

000029 G2=GMAX

GQCo30 10 G=(G1+G2>/2.0

000031 CALL MQODY(PO,G-QX0,DP,PMIN,ALPHA,1)

000032 CALL MOODY{(PFQ,G1.GX0,DP,PMIN,ALPHAL1,1)

000033 CALL MOODY(P0,G2,QX0,DP,PMIN,ALPHAZ,1)

000034 ICONT=1

c00035 IFCCALPHAO-ALPHAZ)Y x (ALPHAO-ALPHAL1) .GT.0.0) GO TO 9999

QCCo3s IFCCALPHAC-ALPHA x CALPHAO-ALPHAL) .6T.0.02G1=G

0Cee37 IFCCALPHAC-ALPHA) *CALPHAO-ALPHAZ2) .GT.0.0)G2=5

0oco38 GN=(G1+G2)/2.0

000039 ERR=DABS ((G-GN)/GN)

Q0Q040 IF(ERR.GT.1.0D-5> GOTOD 10

000041 W=COA*xGx1.0D-56

oooo4sz GPM=W/0.0624658

QQQQ043 WRITE(6,702) QX0,EPS,(CD.DPO,COD-ALPHAO,ALPHA,G,COA,W,GPM

CCCC44 702 FORMATC(//.10X,10H QX0= +F15.5,

1 f,10X-10H EPS= FF15.5,7H MM ,

P /-10%,10H CDEPTH= ,F15.5,7H MM ,
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3 /,10X,10H DP = +F15.5,7H KG/CMZ.,
4 /+10X,10H COD= +F15.5,7H MM »
5 /,10X,10H ALPHAC= sF15.5,
6 /7,10%,10H ALPHA= sF15.5,
7 /»10X,10H G = #F15.5,7H KG/M2S,
8 /,10%X,10H COA= +F15.5,7H MMZ ’
g /,10X,10H W = +F15.5,7H KG/S
A /-10X,1CH W = +F15.5,14H GPM AT 60 DEG)
000045 CALL MOCDY(PO,G-QX0,DP,PMIN-ALPHA,100)
000046 GO TO 111
000047 9999 WRITE(6,-602)ALPHAC,ALPHAL-ALPHAZ
000048 602 FORMAT(/,20H NO SCLUTION .
1 /+1CH ALPHAD= ,F15.5.,
2 /-10H ALPHA1l= FF15.5,
3 /,10H ALPHAZ= ,F15.5}
C0004? $99 STOP
000050 END
CCCCCCCCCCCCCCCCCCCCCCLCCCCcCCCCoLCcCCCCCECOCococceioccecceccoiccccece
c ccce
C cce
000001 SUBROUTINE MOODY{(PC,G-@X0,DF,PMIN,ALFHA,ICONT)
c ccc
C CALCULATION CRITICAL FLOW PASS BY MOODY'S MODEL : cCe
o SR=SLIP RATIO cge
cCcCCeCcccCccccccccccccccicocccccccfccccccLcccccccccecccececcccecceccec
000002 IMPLICIT REAL*B(A-H,0-2)
000003 DIMENSICN P(9F93,V(999),VG(FFP),VLIFPD) S VM(FPP), H(9FF),HG(FD9),
1 HLIF99) QX (99F),5(999),3G(999),5L{(FF9),3R{(999),
2 TEMP(?99)
000004 PC=P0/10000.0
000005 PS=PC
COo0006 TS=TSAT(PS)
cCoo007 TEMPG=T5S
C WRITE(6,604) G,P(I)
€ 604 FORMAT(10H G= r F15.5,10H PCI>1 =, F15.5)
000008 CALL STEAMZI(FO,TEMPC,VGO,HGC,SGO,22
000009 . CALL STEAMZ(PC,TEMPO,VLO-HLO,SLO,4)
000010 PO=P0x10000.0
000011 HO=HLC+QX0O*x (HGC-HLO?
000012 ) VO=VYLOC
000013 VMO=VLO
000014 N=(PO-PMIN)/DP
000015 DO 3 I=1,N
000016 P{I)=PO-DP*FLOAT(L)
co0o1lv P{IY=P(I}/1C000.0
000018 PS=P(I)
000019 TS=TSAT(PS?
0Qc020 TEMP(I)=TS
C WRITE(6,-605) G,PCI)
C 605 FORMAT(10H G= s F15.5,10H P(IX2=, F15.5>
oco021 CALL STEAMZ(P{IX,TEMP(I},VGCI),HGC(I),SG(I),2) )
goooz22 CALL STEAMZ(PCIY,TEMPCI}VLCI) HLLIYASLCIY )
000023 PC1Y=P(I>*10000.0
000024 SRCII=(VGUIX/VLCIX)*x(1.0/3.0)
000025 CALL QLTYLAXC(I),SR{IDAVLCIY,VGCI) HLCLY A HGCIY - HO,G)
000026 VD =VL(IX+QX (D)= VG CI)-VECI )
000027 H{I)=HL (I +QX (I x (HG(I)-HL(IY?
Q0028 SCIY=SLCI)+QX(I) %« (SG(I»-SL(I¥?»
ooooee YMCIY=C(SR(I) (1. 0-QX (I )+« VL(I)+QX (I *VG{I)) =
1 (AXCID+C1.0-QXCIYI/SRCIDD
C FIND SMAX DEFINE P-CRITICAL



000030
000031
cogose
000033
0Coo34
000035
000036
000037
0Q003s8
000037
COQG40
GCCo41
000042

000043
000044

000045
000046

000047
000048
CQQQL?
oogeel
QoooQe
000003
000004
000005
0QCQ0s

000007

000008

oocecog
000010
000011
0Q0012
Q00013
goeools
000015
000016
000017
Q00018
000019
000020
o0coo21
goooze
00ce23
000024

606

601

(oo B¢ Y B e B S

602
1
2
3

-
1

603

G99

3
601
1
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IFCI-1Y4,4,2

IFCSCIYLLTLSMAX)Y GO TO 1

SMAX=S(I>

IMAX=1

PC=P(I}

CONTINUE

WRITE(6,606) 1

FORMAT(/,5X,4H [= ,14,27H ENTROPY MAX DOES NOT EXIST)
CALL INTEG(S1,82,P0,IMAX,V,P,YM,VO,VMD)
ALPHA=2.049.80665/G+%2%51-2.0*52

IF{ICONT.EQ.1Y GO TO 999

WRITE(6,601) PO,TEMPO,G,QX0,DP,PMIN,PC,SMAX,ALPHA

FORMATC(/,210X,10H PO = s F15.3.
/-10%,10H TC = s F10.3,
/10X ,10H G = - F15.5,
/+,10X,10H axo = ’ F10.3,
/10X, 10H DP = ' F10.3~
/,10X,10H PMIN= ’ F10.3.,
f»10X,-10H PL = F F10.3»
/,10X-10H SMAX= r» F15.5,
/,10X,10H ALPHA= r F10.3,77>

WRITE(&6,602)
FORMAT( 4H NO - 7H PRESS,10H QUALLITY ,6H V ,
8H ENT H ,8H ENT HL .8H ENT HG »
GHENT S ,7H EN SL ,8H ENT SG »
$H Vi f6H VG r8BH VM)
Do 5 J=1,1
WRITE(S6,6033J,P0UY,AXCIY VI,

HOJY A HL G AHGCD Y, SCOUY A SLEJY A SGCS Y A VL O L VG L) » VM)
FORMATC 14,F9.0,F6.3, E10.3, 3F7.2,2F6.3, F7.3,3E10.3)
RETURN
END
SUBROUTINE QLTY(QX,SR,VL,Y¥G,HL,HG,HO,G)

IMPLICIT REAL*¥8(A-H,0-2)
GRAV= 9.80665
AA= 1.0/426.858

A = (1.0-1.0/5Rxx2)x(1.0-2.0*SR*xVL/VG+SR*%2x (VL /VGYxx2)

B = (1.0-2.0+S5R*VL/VGE+SRx%x2%x(VL/VGY*x*2)/SRx%2+
2.0%(1.0-1.0/SR«*2)*SR*VL/VG*(1.0~-VL/VG*SR)

C = 2.0/5R*VL/VG*x(1.0-VL/VGxSRY+(SR*#%2-1.0)x(VL/VG)*%x2+

(HE-HLY 7 (VGx*x2xAAxGxx2) %2 .0%GRAV

D =-(HO-HLY /T (VG222 xAAXGx%x2) %2 . 0xGRAVH(VL/VGY2x2
AA=1/427 KCAL/KG-M
SOLVE AX=x3+BX*%x2+(CX+D=0C

g<=X«=1
X1=-0.1
X2=1.0
X=(X1+X2)/2.0
Y1=AxX1x*x3+BxX1xx2+CxX1+D
Y2=AxX2%x34+BxX2%%x2+CxX2+D
Y=AxXkx3+BxX*x%24+4CxX+D
IFCY1*xY.LE.Q.0) X2=X
IFCYZ2*xY.LE.Q0.0) ¥Xi=X
XN=(X1+X2)72.0
IFCY1xY2_GT.0.0) GO TC 3
EPS=ABSC(X-XN)/XN)
IF(EPS.LE.1.0E-6) GO TD 1

X=XN

GO TO 2

WRITE(6,-601) Y1.,Y,Y2

FORMAT (/20X,10H F(X1)= FEL5.5./,
20X,10H F(X)> = +BE15.5,7»
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2 20%,10H F(X2)= sE15.5,/,
3 20X,3CH EQ.CAN NOT BE SOLVED

000025 1 CONTINUE

acoozé X=XN

000027 QX=X

000028 IFCQX,LT.0.0) Q%=0.0

aooo2e RETURN

C0C030 END

goooCc1 SUBROUTINE INTEG(S1,52,P0,IMAX,V,P,VM,V0,VMO}

000002 IMPLICIT REAL*BC(A-H.(-2)

000003 DIMENSION V(999),P(999),VM(9%9)

000004 $1=0.0

00C005 32=0.0

0QoQoce DO 1 I=2, IMAX

000007 DPF=P(I)-P(I-1)

000008 DYM=VM{I)-VM{I~-1)

000Co9 VX=(V{I-1)+VCI)»)» /2.0

000010 S1=51+DP/VX

000011 §2=82+DVM/VX

c00012 1 CONTINUE

000013 DS11=(PC1)-POY*2.0/(V{(12Y+VD)

000014 DS21=(VMC1)-VMOIx2.0/(VL1)+VD)

000015 S$1=51+DS11

000016 S2=52+D521

Ggoo017 S1=-51

gecoec1s RETURN

000019 END

"SPECIFIED OPTIONS: OPTIMIZE(2),LINECOUNT(D},NGS,ELM(MDOBYS),SOURCE
END OF COMPILATION
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B. 68 EAREZAY M OOERREFE DS SAL (HENRYCERREFTILICKDEEN)

EPRI'S PROGRAMM FOR LEAK RATE THROUGH CRACKS
CCOPIED FROM EPRI NP3540-LD APRIL 1984 ON 1986.03.04 IS0
LEAK.FORT(JAERI) COPIED FROM J9215.LEAK.FORT{JAERI1)
ON 1987. 6. 9. BY HASH
KA KKK XK R AR A AR LR AR R LR R R XK EZ K KK
*xx COMPLETED ON 62. 4. 8. #%xx
HE KRR K K KR K KR KR K KKK K KKK KK KK KKK

#x% THE INPUT 7O THE PROGRAM %xxx

FIRST CARD
TITLE CARD

SECOND CARD

IN=1 --> INITIALLY SATURATED LIQUID,INPUT TEMERATURE ONLY

IN=2 —-=-> INITIALLY SATURATED LIQUID,INPUT PRESSURE ONLY

IN=3 --> INITIALLY SUBCOOLED LIQUID,INPUT BOTH TEMERATURE AND PRESSURE

PO = STAGNATION PRESSURE (KPA)

TO = STAGNATION TEMPERATURE (C)

PB = BACK PRESSURE (KPA)

THRESH = THERSHHOLD VALUE, ORIGINAL VALUE = 1.E-3

THIRD CARD

EL = CRACK LENGTH, 2C (CM)

EW = CRACK-OPENING DISPLACEMENT., COD (CM)

ED = CRACK DEPTH, L (CM>

EK = THE HEIGHT OF PROTRUSION OF THE ROUGHNESS GRAIN FROM THE MEAN
SURFACE (CMD ’

AR = AREA RATIOD = AE/AQ

N1 = NUMBER OF 90 DEGREES TURNS IN THE CRACK PATH

N2 = NUMBER OF 45 DEGREES TURNS IN THE CRACK PATH

*xx JAERI'S STEAM TABLE xxx

STEAMZ(P,T,V,H,5,INDEX>

INDEX=0 --> SUBCOOLED WATER OR SUPERHEATED STEAM., INPUT BOTH PRESSURE
AND TEMPERATURE

INDEX=1 --> SATURATED STEAM, INPUT TEMPERATURE

INDEX=2 --> SATURATED STEAM, INPUT PRESSURE

INDEX=3 --> SATURATED WATER., INPUT TEMPERATURE

INDEX=4 --> SATURATED WATER., INPUT PRESSURE

000001 IMPLICIT REAL*8 (A-H,0-23

000002 DIMENSION TITLE(20}

000003 COMMON /PP/ PQ,TO,XLD,FF-AR,IN,CD,DH,THETA
C

000004 cr = 0.61

GQoQ0005 PAI = 3.141592654

000006 THETA = 0.5%xPAI
c
C 1KPA= 1000N/Mx%x2= 1000KG/M/Sxx2= 1000/9.8%E-4 KGF/CMxx2
C = 1000%E-4/9.8/0.07031 LBF/IN*xxZ2= 1000/68%0.4 LBF/IN*%2
C

000007 PCY = 6.894757E+3

0CCo038 NSTEP = 200
C

000009 1 READ (9,-14,END=10C00) (TITLE{JY.,J=1,20)

c00010 READ (9,10} IN,PO,TQ,PB,THRESH

000011 READ(9,15) EL,EW,ED,EK,AR,N1,N2

000012 WRITE(S6,14) (TITLECIY,J=1,20)



000013
000014

0o001s
000016
000017
000018
000019
cooczo
0agooz1
gooo22
000023
000024
Q00025
000026
000027
000028
000029
CQ003¢C
000031
Q00032
000033

000034
000035
000036
000037
000038
Q00039

000040
000041
000042
000043
000044
000045
000046
COQ047
000048
000049
000050

000051
000052
000053
000054
000055
000056
000057
000058
0QQ0se

000060
000061
000042
000083
Q00064

000065
000068
000067

3a

40

50

55

100
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WRITE(6.,10) IN,PO,TO,PB,THRESH

WRITE(6,15) EL-EW-ED,EK,AR,N1,N2

PO = 1.E3%PO/PCY
TC = 1.8*T0+32.
PB = 1.E3xPB/PCV
EL = EL/2.54

EW = EW/2.54

ED = ED/2.54

EK = EK/2.54

IK = 0

AREA = EW=EL

FPER = 2.*x(EW+ELY
AREA = AREA/144.
FER = PER/12.
ED = ED/12.

EK = EK/12.

DH = 4.*xAREA/PER

XLD = ED/DH+50.%N1+26.%xN2
IFCALD.LE.12.) GO TO 400

RK DHAL./EK

FF 1.0/(2.%DLOGLI0C(RKI+1.74) %2

Wi

IFCINLEQ@.T) THEN

TEMP = T0

TEMP= (TEMP-32.03%0.555555%
PRESS = PSAT{(TEMP)

PO = PRESS®14,223133

ENDIF

DP (FO-PBY/FLOAT(NSTEP)

PL PB

CALL PR(PL,PCC,PT,GC,XE-XT,IC}
IFC(IC.EQ.2Y GO TO 55
IFCIC.NE.3) GO TO 40

U h

IK = IK+1
PL = PL+DP
IFCIK.LT.NSTEP) GO T0 30
GO TO 55

PD1 = PL-PCC

NMZ = NSTEP-IK

DO 5C I=1.,NM2
PH = PL+DP
CALL PR(PH,PCC,PT,GC,XE,XT,IC)
IF(IC.EQR.2) GO TO 55
PD2 = PH~-PCC
IFC(PD1%PD2).LT.0.) GO TO 100

PL = PH
. PD1 = PB2
CONTINUE

FRINT 75,P0.,T0.,PB
GO TO 400
CONTINUE

POL = PD1

PDH = PD2

DG 200 I=1,50

PX = (PH*PDL~PL%PDH)/(PDL-PDH>
CALL PR(PX,PCC,PT,GC,XE,XT,IC)



000068

000069

000070

000071
000072
Qooo7s
0co074
0Q00753
0000786

000077
000078
cooe79
000080
oooosl
000082
000083
000084
000085

000086

000087
000088

Q00089
G000%0
000091
000022
0000%3
0000%4
0000%5

000096
000097
000098

0000%9
000100
000101
000102
000103
000104

000105
co0106
000107

* & %
L

250

200

300

400

11

12

13
2000

isNaNsNeNeNel
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FDX = PX-PCC

IFCABS(PDX).LT.THRESHY GO T0O 300

THRESHOLD VALUE WAS CHANGED
THRESHOLD VALUE WAS CHANGED
IFCABS(PDX).LT.1.E-3) GO
IFCABS(PDX).LT.5.E-3) GO
IFCABS(PDX).LT.1.E~-2) GO

BY
BY
TO
TO
TO

HASH =xx

IS0 62.02.06 #*4%x%
300

300

300

IFC(PDX*PDHY.GT.C.Y GO TO 250

PDL = PDX
PL = PX
GO TO 200
PDH = PDX
PH = PX
CONTINUE

PRINT 220,PL,PH,PDL,PDH

G0 TO 1CQC¢C
CONTINUE

EN = PCC/PO

GM = AREAxGC
AREA = 144 .%AREA
PER = 1Z.*PER
ED = 12.*ED

EK = 12.%EK

PRESS = PCC

CALL JAERI(PRESS,TEMP,VOLG,ENTAG,ENTOG.2)
CALL JAERIC(PRESS,TEMP,VOLF,ENTAFLENTOF.4)

PCC = PRESS

T82 = TEMP

H1 = ENTAF

HZ = ENTAG

HHE = XT*HzZ2+(1.-XT)xH1
GO TO 500

CONTINUE

PRESS = POC

TEMP = TO

GO 70 (11-12-13).,IN

CALL JAERI(PRESS,TEMP,VOLF,-ENTAF,ENTOF,3)

GO TO 2000

CALL JAERI(PRESS,TEMP,VOLF-ENTAF,.ENTOF,4)
GO TO 2000

CALL JAERI(PRESS,TEMP,VOLF,ENTAF,ENTOF,0)
CONTINUE

PO = PRESS

T0O = TEMP

VLO = VOLF

PEEEDE ND CHOKING (1tt!

B nn

— 100 —

Z*RO¥ (PO-PB) = 2% (LBM/FT**3)*LBF/IN%=x2
SHLBM/FTx#3% (32, 150LBM*FT/S**2)/IN%*2
2x32  1S5x L BMx*x2/(FT/12)%%2/S%%?

2x32 15%144%x(LBM*S/FTxx2)xx%x2



JAERI-M §0-080

C = G264.96%x(LBM*S/FT#*x2)x%x2
C
000108 GC2 = $9266.112%x(PO~-PB)/VLO
000109 GC = SQRT(GC2D
000110 GM = AREAxGC
000111 PCC = PB
000112 XT = 0.
000113 XA = 0.
000114 AREA = 144 .%AREA
QC0C115 PER = 12.%PER
000116 ED = 12.%ED
oooll’? EK = 12_%FK
coCils GO TO 510
C
000119 500 CONTINUE
9
000120 PRESS = PB
C
000121 CALL JAERI(PRESS,TEMP,VDLG-ENTAG,ENTOG,2)
coo122 CALL JAERI(PRESS,TEMP,VOLF-ENTAF,ENTOF,42
C
oeel12s PB = PRESS
coo1z24 TSA = TEMP
000125 H1 = ENTAF
000126 HZ = ENTAG
ooo127 XA = (HHE-H1)Y/(H2-H1)
C
000128 510 PRINT 600
000129 PO = POxPCV%x1,E-3
000130 PRINT 8605.P0
00131 TG = (70-32.1/1.8
000132 PRINT 610,70
000133 GO TO ¢520,530,540),1IN
000134 520 PRINT 615-IN
000135 GO TO 550
000136 530 PRINT 816.IN
000137 GO TO 550
¢oo138 540 PRINT 617,IN
000139 S50 PB = PBx*PCV*1.E-3
000140 PRINT &620.,PB
000141 PRINT 650
000142 EL = 2.54%EL
000143 PRINT 710,EL
000144 EW = Z2.56%EW
000145 PRINT 720,-EW
000146 ED = ED=x2.54
000147 PRINT &70,ED
oool48 DH = DHx2.54x12.
000149 PRINT 730,DH
000150 PRINT 695,-XLD
000151 EK = EK=%x2.54
000152 PRINT 675,EK
000153 AREA = AREA%2.54x%x%x2
C00154 PRINT 6&0-AREA
000155 PER = PER#2.54
000156 PRINT 665,PER
000157 PRINT 6B0,AR
000158 PRINT 685,-N1
000159 PRINT 690,N2
000160 PRINT 700,THRESH
000161 PRINT 750
C
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000162
000163
000164
000165
000166
000167
000168
000169
Qo070
000171

000172
000173
000174
000175

000176

000177
0001738
00017%
000180

000181

Q00182

Q00183
000184
0001853
00018¢6
000187
ooo188
000189
200190
000191
000192
000193
000194
000195
000196
000197
000198

000199
0002qQ¢Q
Qot201
600202

0006203
000204

000001

C

e NaleNel

[Nl a e

JAERI-M 80-050

1 LBM/(FT*%2+5) = 4,BB243 KG/(Mxx2%5)

GC = GCx4.8825

GALLON= GC*60.0/3.78543%1,E-6
PRINT 770,GC,GALLON

GM = GM*0.4536

PRINT 80C0.,GM

PCC = PCCxPCVY*x1_E-3

PRINT 850.PCC

PRINT 900,XT

PRINT 250,-XA

GO 10 1

14 FORMAT{(1H -Z20A4)
10 FORMATC(I10,4F10.2)
15 FORMAT(5F10.5,2110>

75 FORMATC('-'",10X,"s%% FLOW IS NOT CHOKED FDR THIS CASE #xx',

13F10.2)5
220 FORMAT('-","%xx FAIL TO CONVERGENCE. ##x'/?
*LARGER THRESHOLD VALUE *x%xx%',4F15.,4)

x*xx TRY TO INPUT MUCH

600 FORMATC('1','"#%x% STAGNATION PROPERTIES #x%',//)

605 FORMAT('C','PRESSURE(PO)=",F10.0,2X,"KPA")

610 FORMATC('Q',"TEMPERATUREC(TOY=",F10.1,2%X,7C")

615 FORMAT('O',"INPUT INDICATOR(IN)=',15,' --->
*QUID,INPUT TEMPERATURE DONLY™)

616 FORMAT('OQ','INPUT INDICATORCIN)Y=",15,"' —=->
*QUID,INPUT PRESSURE ONLY'")

£17 FORMATC('OT, "INPUT INDICATOR(INY=',IS5,7 --->
*QUID.,INPUT BOTH TEMPERATURE AND PRESSURE")

INITIALLY SATURATED LI
INITIALLY SATURATED LI

INITIALLY SUBCOOLED LI

620 FORMAT('Q',"BACK PRESSURE(PBY=',F10.1,2X,"KPA',///)

"¥x%*kx CRACK GEOMETRY #kxxxs®,.//3
TAREA=T,F10.4,2X, "CMxx2")
"PERIMETER=",F10.2,2X,'CM")
'DEPTH='",F10.2,2X,"CM")

650 FORMATC(C'O?
660 FORMAT('O!
665 FORMAT('QD'
670 FORMAT(C'O®
675 FORMAT('Q!
680 FORMAT (D!
685 FORMAT('O!
630 FORMAT('O!

rd

4

rd

’

+"AREA RATIOQOC(AE/AC)=',F10.2}

»'NO. OF 90 DEGREE TURN=',I10)

#'NO. OF 45 DEGREE TURN=',I10)

695 FORMAT('O','DEPTH/HYDR. DIA.=',F10.1.)

700 FORMAT('O',"THRESHOLD VALUE =',F10.5,///)

710 FORMAT('Q'," 2C=",F10.5,2X,'CM"

720 FORMAT{('O',"CDD=",F10.5,2X,"CM")

730 FORMAT('O','"HYDR. DIA.=7,F10.5,2%,'CM")

750 FORMAT ('O, "x*%x%* QUTPUT xxxx%x',//)

770 FORMAT('Q'.,
1 0,

800 FORMAT('0",

850 FORMATC'OQ'.,

900 FORMAT('D'.,

950 FORMATC('Q,

"QUALITY AT EXIT PLANE =',F10.4)

1000 STOP
END

SUBROUTINE PR{(PCK,PCC,PT,GC,XE,XT,IC)

"ROUGHNESS HEIGHT=',E12.4,2%X,'CM"}

"CRITICAL MASS FLUX =%, E1S.4,2%,"KG/M%x*2/SEC"/
' =', E15.4,2X,'GPM/MMxx2")
'LEAK RATE =', E15.4,2%,'KG/SEC™)

'"PRESSURE AT EXIT PLANE =',F10.1,2X.,,'KPA")

TQUALLITY AT BACK PRESSURE =',F10.4)

IN=1 --> INITIALLY SATURATED LIQUID,INFUT TEMERATURE ONLY
IN=2 --> INITIALLY SATURATED LIQUID,INPUT PRESSURE ONLY
IN=3 --> INITIALLY SUBCOOLED LIGUID,INPUT BOTH TEMERATURE AND PRESSURE
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C
000002 IMPLICIT REAL*8 (A-H.D-13
000003 COMMON /PP/ PQ,TO.XLD,FF,AR-IN-CO,DH,THETA
c
000004 Ic =1
¢
c KAPPA=CP/CV
C
000005 AKARPPA = 1.33
0000086 B = 0.0523
C
000007 PRESS = PO
000008 TEMR = TO
a0000% GO TO €1,2,3),IN
C
C INPUT TEMPERATURE ONLY !!!
C
000010 1 CALL JAERI{PRESS,TEMP,VOLF,ENTAF,SLO,3)
oooo1l PG = PRESS
000012 VLC = VOLF
000013 50 70 1cCCC
C
C INPUT PRESSURE ONLY [!ll
C
0CC014 2 CALL JAERI(¢PRESS,TEMP,VOLF,ENTAF,SLD,4)
000015 TO = TEMP
0Co016 VL0 = VOLF
coo017 G0 TO 1000
C
C iNPUT BOTH PRESSURE AND TEMPERATURE !!!
C
poools 3 CALL JAERI(PRESS,TEMP,VOLF,ENTAF,SLC,0?
000019 VLO = VOLF
C
000020 1000 CONTINUE
c
goo0z21 PRESS = PLK
C
Qoooz2 CALL JAERI(PRESS,TEMP,VOLG,ENTAG,S5GC,2)
000023 CALL JAERI(PRESS,TEMP,VOLF,ENTAF-SLC,4)
C
000024 PCK = PRESS
000025 TS = TEMP
000026 VGL = VOLG
pooo027 XE = (SLO~SLCY/(SGC-SLC)
000028 CN = 1.0
000029 IF(XE_LT.0.05) CN=20.%XE
000030 XT = CN*XEx(1.-EXP{-Bx(XLD-12.33)
Q00031 XM = CNxXE-XT/B/(XLD-12.)
000032 200 PC1 = PCK-0.5
000033 PC2 = PCK+0.5
C
000034 PRESS = PC1
C
000035 CALL JAERI(PRESS,TEMP,VOLG,ENTAG,5G1,2)
000038 CALL JAERI(PRESS,TEMP,VOLF,ENTAF,5L1,4)
c
000037 PRESS = PCZ
C
000038 CALL JAERI(PRESS,TEMP,VOLG,ENTAG,-SG2-2)
000039 CALL JAERI(PRESS,TEMP,YOLF-ENTAF,5L2,4)
000040 T8 = TEMP
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000041
000042
000043
000044
000045
000046
000047
000048

000049
000050
c00051
000052
000053
000054

000055
000056
000057
000058
000059
0ooQsQ
Co0061

000062
000063

000064

000065

Q00066

000067

aoo068

000069
000070

000001
000002

000003
0o0004
000005
Q00006
000007

000008

(@)

50

100

JAERI-M 80-050

DSL = St2-5L1

D5G = 5G62-5G1

DXE = -((1.-XEy*DSL+XE*DSG)/ (5GL-SLCY

GC2 = (XTxVGC/PCK/AKAPPA-(VGC-VLOY*CN*xDXED /32,1747 144,
GL2 = 1./GC?2

IF (GC2.GT7.0.3 GO 70 50

IC =3

RETURN

GC=84QRT(GLC2)

DPT = GC2xVLO/2./CD*%2/32 17471464 . %xAR% %2
PT = PQ-DPT

IF (FT.GT.3.)Y GO 7O 100

It =2

RETURN

CONTINUE
PRESS = PT

CALL JAERI(PRESS,TEMP,VOLG,ENTAG,S,2)

PT = PRESS

TS = TEMP

VGT = VOLG

YGM = (VGT+VGLY /2.

A = (1.-12.%(1.-ARY/XLD)/AR
GM2 = GC2#(1.+1./Alxx2)/2.

ACCELERATIONAL PRESSURE DROP
DPA = GM2xXTx(VGC-VLD)

FRICTIONAL PRESSURE DROP
DPF = FFEx(XLD-12.0%GM2%x{ (1. -XMIxVLO+XMxVGM) /2.

PRESSURE DROP DUE TO AREA CHANGE
DPAA = GCZx(VLO*(1.-AR**2)+XMx (VGM-VLOY*(1.-1./Al%%2))/2.

?PT?YRITVERR??? NICHT VERSTEHEN IR}
DPG = 0.5 (1./VLO+1., /7 (XT*VGC+{(L1.-XT)»VLOYYxXLDo*DH*xSIN(THETA) /144,
TITITETTTITY]TY ONICHT VERSTEHEN i e R R A A

TOTAL PRESSURE DROP THROUGH CRACK
PCC = PT-(DPA+DPF+DPAAY/32.174/144,.-DPG

RETURN
END

SUBROUTINE JAERI(PUSA,TUSA,VUSA,HUSA,SUSA,INDEX)?
IMPLICIT REAL*8 (A-H,0-2)

JAPAN <=~--=~ USA

PJAP = 0.070308xPUSA

TJAP = 0.555556#(TUSA-32.?
VJAP = 0.062427«VUSA

HJAP = 0.555556%HUSA

SJAP = 0.555556%SUSA

CALL STEAMZ(PJAP,TIAP,VJAP,HJAF,SJAP,INDEX) iX)

USA <---— JAPAN
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c
00000% PUSA = 14.223133xPJAP
000010 TUSA = 1.B=TJAP+32.
000011 VUSA = 16.0187xVJAP
000012 HUSA = 1.B%HJAP
000013 SUSA = 1.BxSJAP

C
oOO014 RETURN
0goo1s END

SPECIFIED QPTIONS: OPTIMIZEC(2),LINECOUNT(O),NOS,ELM(HENRY3),SOURCE,DEBUG(SUBCHK) ,ALIGNC,NOMAP
END OF COMPILATION
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i*i& STEAMZ

STEAMZiZ, BAMEYERTORGE (1967 &) it &0 T 5 Gibbs BEH,
Helmholtz B L UMAE AL FEHINIZREBERVTOMABEHEST LY T -F U TH DS,
BEHIC RO TIRAKBASIKE T4 73 0kahTvn5, ZOREZLTOEBDTEH S,

(1) Hehe

FEHEBESS2 T, RER, vy, sy oz BIEBEHEZT .

CALL STEAMZ (Py, Ty, Vo, Hpy S, N

Pp,; T/ (kg cm?] (0 <P=1018.72)
(BEEHEOHMME+*HET AL S, BREASHAENE)

Ty ; BE (°C) (0.01 =T=800)
(FhEEofMB4iEd 6L s, BNERESHASNE)

Vo ; LEEHE (M kg )
H, : =v# 1t [Keal 7kg)
§,; =¥ hot [Kcal kg°K)

TH Do
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