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The feasibility assessment of steam generator (SG) with straight heat transfer tube is being
carried out within the research and development activities for the practical application of next
generation Fast Breeder Reactor (FBR). It is necessary to establish a realistic evaluation method for
analyzing the steam generator, in which the SG transient analysis and water-side flow instability
evaluation are two important subjects. So the multi-dimensional analysis code for the steam
generator is being developed.

In Japan Atomic Energy Agency, experiments on heat transfer characteristics of steam generator
under high pressure condition are being performed to get detailed two-phase flow data. At the same
time, the multi-dimensional thermal hydraulic computer code is being developed with drift-flux
model for the two-phase flow in the steam generator.

In this report, the computer code for water-steam flow in SG was developed. The drift-flux
model and semi-implicit method were used, and the equations were differenced over the staggered
mesh. The total flow rate and temperature of flow into the inlet plenum, and the pressure of outlet
plenum were given as boundary conditions. The property derivatives were calculated directly by
water/steam functions, which ensured their accuracy. The flow instability experiments with two
parallel channels were simulated to validate the computer code. The capability of computer code on
predictions of flow oscillation and stable boundary in two parallel channels was confirmed. The
sensitivity analysis was also carried out to quantify the impact of each parameter on oscillation
period and the stable boundary. It can be expected to improve the accuracy of the computer code by

using appropriate drift velocity and two-phase frictional multiplier correlations.
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X X X 0 x 0 a,
X X X 0 x 0 P
| % x| [0 x 0] L e ]
0 0] |x x x| |0 x O a,
0 x 0] |x x x| |0 x O 2 N
10 x 0] |x x x| [0 x O] e, |
0 x 0 X X X 0 x 0 a,
0 x 0] [x x x| |0 x O D
0 x 0] |x x x] |0 x O e |

2-3  Jacobi TR O E 1.2
XIZ 0 TRWESZRT, BEOIRZFIIA v 2DFFERT, )

4 2-3 ® Jacobi HHEFUIK LT, BLFOENREZ BiILD, K 2-3 128\ T, FHFFAD
ITHNDE 25O FD 0 TRNZ EIXJESOHZBEMICHEA L TND Z EER LTV D,
NBGS (Newton Block Gauss Seidel)ik & FEIZ 2 f#7E 03 & 5 12, NBGS LTI, ESHD
HDIFFERUT L2 T Jacobi TFER%Z Block Gauss Seidel SEHEIZ L iR,

T A MEHRIZE Y . NBGS KEIESIR L, 105Pa LA N OEJTRAZEN G H LD FR 5 7H
o7z, L2vL, Newton (EOUIR 1 IRICZIKFLTLE S 7o, KEREEAHMNT 5,

FELWENT FIED AT v 7 &L PR,
(1) &5 k CTRIEBOEEZNET D BlIZIE n 2 OEEZFIHT ),
(2) IR TR DOITHNZHET D,

(3) MARE R AW, L5 k1 TETa . pf RoeT LN,

(@) R@-ADICk W VT %2k 5b, 2L THOLTOEROEZFHFT 5,

(B) FICFHE LEICL VRS &k CRIEROMBEEHT 5,

6) AT v TR D, kDk+t1 OREFHEPBR L=, ml A OMEAE L, AT v
AGINS TN

(7) ROEE AT~ 12tk Te,

AAZT L FAZBNT, Ri(2-30), (2-31) & (2-32)I12 L V) k1, pkl TN ekl BN HND,
ZLTHOETOEROEEZRD D Z ENTE D,
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BAEFH R ORR 723 2[4 2-4 1R,

LZNES YN

v
WIS DR E: =0, n=0

A 4

|

tn+1 =tn +At J:

y

A

EEkofEg Ei

A 4

ETOF ¥ o FADIR G %k D

'

AAT LI Lo %k 5

4 2-4  FHREORMEA TN
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3. WL EFREN AT

A TR0, KU 7 7T 97 AT VEHH L, REmEEZRT LS
BURENRNT 2 — F2 B Lic, Mfre7 uid. AR, A7 L LD T L 72305103
eF v o r T 5, BREMZ, AR LFATHAT L KOBTFEE, WE, Ho7 L
FADEN R OF ¥ o RNV ~DEGER TH 5,

ZIT, NI UATF v RV B T DR ERBRBR OB 2 FEhi$ 5 2 L1280,
B L7z a— FOMMAMEZRIET 5, F v o /LN IE L ENRBE O AT 7 5 & W 50 &
LCHIH L, FEEHE DORLZERBNT 2 £ T 5, £lo, K37 A — 213t 2 BT
BT,
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3.1 g

BT OXZ E LT, XIS SN TN D 2 KE AT LALTF ¥ RIS 5K
LIEMBDORERZEATZ, BRIEE 2 X 3-1 (TR T,

=i (0.005}

~EmmmEri

D.(0.012)

- TS L

Electrode
™y
H e
Rotary __ L} .3 2
2t flowmeter q'mL o
- o
11 Do '::m
A I B
| Inlet plenum
L P © Unit i m

3-1 ABRELE Y
(Hi# : M. Aritomi, S. Aoki and A. Inoue: “Instabilities in parallel channel
of forced-convection boiling upflow system, (I) Mathematical model”, J.

Nucl. Sci. Technol., 14, 1 (1977) pp. 26, Fig. 2)
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B EORE & HEZK 3-1 1R L, ADEHO T L AOMICEHT bz 2 AE S
TUNTF ¥ RNV OFEMEIRRD, £F ¥ X lide—F—m v N 2 DOOEMm, LOFE
RXOWMEH P HH, e —F—v vy NiE, ROAMICEEFRTEICHEAINLTWS, [His
KOWER & EWAE G ATTE Y v a v L, TOEIBRIIANOFGED “FIZHHI L TN D
ZEDRTIRBRTHENIO LN TWD O, AU 7 0 AiE, ADOK D R ZBNT 5 7210k
At O ERNCERIT 6 TWD, £ L TCAMUERKICH L TRV 5% Cr #EFR L T,
LIFD &5 e ARENBEEABANEHR I N 9,

Ap=Cy -V, (3-1)

ZONDRE IR IRITKTT D80 1725 Cr % FFEBfENT CO/RT A—42 L LTz,
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3.2 fRMTSA:
32 I RT LI, TIZIAN SO LF ADOMIZEIT N 2 KE T LILF ¥

VAINZOWTENT 5D, TOERSME LTAR T LT ACHAT KB E., KR
B, MO v AanET), e—F—DRGRRE 525, EEL L TOFERMEEZER 3177,

#* 31 HEUERME 1D

F ¥ RNV AR FEJHE Vi m/s 0.23
ANMRE T T 90

HE7 v aEd Pa 1.01325x105
R q” kcal/m2-hr 0.223x106
B0 4RE Cr kg-s2/m4 110

F7o, HAENTFEE (1.018325x105Pa) THEET 5, T ¥ > R/ AN EEEE 0.23m/s
RS A AL T L ATHRAT B KBFEIL 0.016kg/s TH D, A v ¥ 2 3ENZHONTIL,
FRIEPAME HATIT TAZ = 0.0025m., O AT CldAz = 0.01~0.05m &35, X (2-16) ®» CFL

E ‘/%f&%V 1204 5%,

RUZ 77y 7 28T VIO THBEEBRIIEEREET VICONT, ETHEEL L
THWEWET V(R 7 F#HEZ 0 & L7-) & Martinelli-Nelson fHB=CA FIH T 5, £7-.
KUK ZARECEARIR BB AR E T 5,
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Cr

1

G, Tin

3-2  fRHTRIR LN A > 2 = 4B
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3.3 WIS

2AREINT VLT v U RIVICEBIT DR R ERBENT OV S 2155 7201, £3°, BT
¥ ARV TEFRENR BB DO REAT A FE T D,

RANTIREE 90°C OHAHAKBETF v o R VAICHZ S TnD D& L, NSRS
L CHT v U RUZHRAT KRS EEZ 525, £7-. 0005 4 B E COMICEFHRE
0 kcal/mz-hr 7> 55 3-1 OIEMEE F THRIBMIC ER- S8 2, HAEA R OADEBREKY
2% Cr(=700) % FEE L, BT v RVANNEFIRENKIEIZ /2 5 £ TotAET 5, TSR E
B4 3-3 1T T, ZOHT ¥ U RANOARFME LIS E T 5729, CFL=0.125
DEMFERH LT,

0.0180

0.0160
0.0140
70.0120

2 KRIRLR
=0.0100 R B
Q : ) ‘.."

+—

8
> 0.0080

=
= 0.0060

00040 pP-----+---——----- - RO I
Inlet flowrate I
Outlet flow rate

0.0020

0.0000
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0

X 3-3 HTF ¥ > RIVRNT ORGSR

X 3-3 1Z AN & HNIREDORFZENTH D, 2.8 AT THT v RIVINICFERE NI AE L,
5 WU BIREI N 28 LT, BE LA TOAD L HOMENS KT 52 Licky,. &
BN MER ST, T OISR E 2 KERT LT ¥ o RTEIT D R ETRENET
DOIAGMEE LTHIAT %,
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3.4 FEATHE R

% 3.3 DT v RVNTOE R IRENRIEDMNTRE R 2 PG & LTRIA L, 2 K%
IRTVIITF ¥ XIS D IEE T RE DT & i 5,

REEREENT CIRERES 25 EH 2T K34 IR T L0 S 05 BET
ODF ¥ FNDANOESERKZ BE CricHELEE 25, 0.5 BPLAREILFE Uk 0 4251
EE L CtiE a5,

—— CR of Tube 1

1.5 2.0

X 3-4 AREJHHEK Y FREL CrIZHMELORE 51k
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3.4.1 BUARLGE SR B AT RS 5

F 3 1ITR LK &, KRR, SRRz LT, B2 5 ANJEHEKK Y 1535 Cr
BT 28T v 2O NAEF R R Z K 3-5 127776,

0.5 %M DI EIREFEAE L TV D, Cr=400 DA 0, RAIIRIENKE o TE
0. NEEMRBOBENPWRTE D, Cr=600 DA 0, WIRNRAIT/NEL R BED
BEieoTVND I ENERTE D, Cr=500 DE . LWENE & N EERBMOFR 725,
AFETHBRRAL 0 ARB DRI > TRIINZELT D BMNFBRFE R L —H L TWD,

0.0100 ‘ ‘ ‘ 0.0100 ‘ ‘
Tube 1 (Cr=400) ! ! Tube 1 (Cr=500)
| |
| |
0.0090 [ i 0.0090 -
= 3 @ |
2 : £ , "
£ 0.0080 f - Y 2 0.0080 [ X /
z ’ 'R z N
=} =] |
[ | [ |
0.0070 | | 0.0070 | |
| |
l l
| |
0.0060 ‘ ‘ ‘ ‘ 0.0060 ‘
0.0 2.0 4.0 6.0 8.0 10.0 0.0 2.0 4.0 6.0 8.0 10.0
Time [s] Time [s]
(a) Cr=4000 (b) Cr=500
0.0100

T
Tube 1 (Cr=600)
----- Tube 2 (Cr=600)

0.0090

0.0080 £ X

Flow rate [kg/s]

0.0070

0.0060
0.0 2.0 4.0 6.0 8.0 10.0

Time [s]
(c) Cr=6009
X 3-5 it EARENRAT DG H

(k. HIEEE, KEEZ @ “EdIF AR AR L ETREAT T OB
37, AARFA 1% 2009 4EFk D K%, C47 (2009) pp. 130, X 1)
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SCHR D IZFEE S T D A A EE AR E) 0 FEBRAE R A X 3-6 1R T, fEHT L 72 180 FEALAH
DOIRENFAEITFBRBIN & — L T\ D, REEWRENCK LT, T L7 IRIRIZ R 2 1T K&
<7e 20, WRBRCIIRERE) & NORIEE N R BICRAET D Z EBRBI S N=0 T, B
WCIRIEZ L5 Z LA TE R, BUT, ZEBE K& OREN A oD el & Fefi 4% .

0 =0.2Im/s
q" =0.223 210" keal/m* h
1 see Tnn'—"'gﬂt:

Channel 1

Channel 2

Inlet veloeity

Time

3-6 ik ¥ D FEBRfE R
(Hi8t : M. Aritomi, S. Aoki and A. Inoue: “Instabilities in parallel channel
of forced-convection boiling upflow system, (II) Experimental results”, J.
Nucl. Sci. Technol., 14, 2 (1977) pp. 93, Fig. 8)
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3.4.2 ANHJEJJHRAK W AREUC & D eSS

ANOJESBEL DRI Cra 8T A—2 L LCHEE L, ZERBICKIT D Cri 2 fEHTIc
/52 & LT 5, R 31N LK E, KREZEH LT, 272 2845 H (0.18, 0.223,
0.3 keal/m2-hr) (Zkf L CIRENAZE LTz CriaZzRdiz, BTSN =L ERRD Cr
il & DI Z X 3-T 12T, I L > TRONTELZERRAD CrEiFABREL Y KEWVD
DERSTEY, RFOICEERE XL E T TE 7,

04 ‘
— 0— - Experiment
- - & - - Simulation
NE‘ 03 B : A
g L
= Unstable region |
& | A
S 02 - PO
5 -8
= o7 : Stable region
= I
B 01 fp------------- o
0 |
0 300 600 900

Throttling coefficient Cy, [kg-s*/m*]

X 3-7 A HEJHEEK DRI & D2 Es
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ANABEZEZNT A =2 L UCHREL, MEBINLEE LEHELZITIC LY kDD, AOE
THRRR VAREL Cr% 110 ICHEE L, 272 2 BRIk L CIRBY N ZE L 7o A FHEE 2 3R
7o ANRREEDHERITHEW, REINLZET DM HBREH & —H L T\ D, AR TEF
W E N ESER O N & O Lg% X 3-8 12777 6, B H 0.3 X 106kcak/m2?hr DL &
L. WHIRET VERWTZERRAOANEE L KD, BRIV RENED LR
(RSP ZR22E KR 2 TR C& 7=, BAEHR 0.4X 108kecak/m?hr UL L& L, ¥WEIRET V& H
WCEHME L7235, E K LIRSS 2 RIS B W CRARDBIFET D 72O HA
WHEAE L, RERROANHEZRD D Z LN TEh o,

F 7B 0.4 X 108kcak/m2hr LA EIZ2W T, Takeuchi ® RV 7 hETF )L D%~ T
EBESR DN 2R DTz, ¥ 3-8 1T X 2 ICHRBRIE L VIR 72 0 | LR L7 EFiEh X
WA TR LT,

0.8 ‘ ‘
— O— - Experiment 1
0.7 [|-- & - - Simulation (Homogeneous) ”””i”””ie”
—_ - - ® - - Simulation (Takeuchi) ‘ e
= 0.6 - - - R~
E 1 | o’
=05 - e R
= Unstable e ° 7
2 04 p-------—-—- de [ | I g Ao
= l - l
o] | N |
< 03 oo I 2 [
= | <L |
So2f et
| o ! Stable region
OJ« | |
0.1 f-mmmme- T R teees
0 1 1 1
0 0.2 0.4 0.6 0.8

Inlet velocity [m/s]

X 3-8 AAMEIC L ALEEERS
(Hh - HFIFEE, KEEZ B AKIRER R ERBNT T1E O
37, AARFA 1% 2009 4EFk D K%, C47 (2009) pp. 130, X 2)
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AR L Dkt

WA (%] 3-9 1T, AT L7 IRENEHNIEBRE L D B< o T D Z &R0 5, IREiDIER
PEFRITIC L 0 IR E I OB R 25,

Period [s]

2.5

2.0

0.5

0.0

l l l
A\ | |
| | |
| | |
| | |
77777777 ‘\‘7777777777777777\77777777777777777
l l l
‘ A l
o« A ‘
NI | A
N |
l *—~ . _ l
l l Te._
l l l ~e
| | |
| | | '\
— @ - Experiment
A Simulation (Homogeneous)
| | |
0.0 0.2 0.4 0.6 0.8 1.0

Heat flux [106kcal/m2hr]

X 3-9  #I=EhJE ]
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3.5.1 A v oA R K DIEEMAT

TN DREEMT 21T 9, Ay v a4 X FRZAFERBAMTEDO A v v 2t A4 X
AR EE T, WMERBFEIC R TRELTRD,

FTHRFEBAMGIMITDA v v a4 X 2 FFITRSE T, BIBbAz = 0.006m & LTH
3- 1 DEEMESRM 2 ] U TR 2 23 5, TG R A2 X 3-10 1R, X 3-5 1T~ T,
TENARZEEDNFEE L TORW A OJESERK Y 23 Cr=600 OGAICH W A v o2 Tl
MENRNLEDRET DRERITIR > TND, BRIEBIERN A v v 2B 2 - SRFICRE
JENREN Z B L= 2 EBNFERO—DEEZBRD,

0.0070

0.0110 : : ‘ ‘
Tube 1 (Cr=500) ; ;
0.0100 FL"""" Tube 2 (Cr=500)| _ _ _ ‘r 77777 j‘ oL
|
|
Z 0.0090 !
en
=,
g 0.0080
E
<
= 0.0070 |
0.0060
0.0050
0.0 2.0 4.0 6.0 8.0 10.0
Time [s]
(a) Cr=500
0.0100 ‘ :
Tube 1 (Cr=600)
----- Tube 2 (Cr=600)
0.0090 4 |
|
e l
=
|
g 0.0080 i
3 [
S |
=~ |
i
|
|
|
|
|
|

0.0060

Time [s]

(b) Cr=600

B 3-10 A vyt A XV, Az = 0.005m) I L 5 I fEAT
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RICHEFEBRIERATIED A > & 2 A X551 ST, AlbAz = 0.001256m & LT
# 3-1 OREESME A U TN &2 FEh 3 5, fRpTfE R A X 3-11 12”77, X 8-5 12~ T,
RENVRFE DS KAIRIE U C & 5, BN 28 52 AT O A 1 E IR 0 %5 Cr=500 & L7z —
AEWEET DL, MDA o b LI BN R BT DM D, ZRFEBAAA S A
vV a iR E E 7 CRICHIETENRBOEEN NI R ERRERTHL EEZ BN
%=y

0.0100 ‘ ‘ 0.0100 :
Tube 1 (Cr=400) Tube 1 (Cr=500)
0.0090 0.0090
7y @
ey s
2 00080 f - £ 0.0080 [ |
3 Z
E =
0.0070 0.0070 |
0.0060 ‘ ‘ ‘ ‘ 0.0060
0.0 2.0 4.0 6.0 8.0 10.0 0.0 2.0 4.0 6.0 8.0 10.0
Time [s] Time [s]
(a) Cr=400 (b) Cr=500

0.0100

Tube 1 (Cr=600)

0.0090

0.0080

Flow rate [kg/s]

0.0070

0.0060

0.0 2.0 4.0 6.0 8.0 10.0

Time [s]

(c) Cr=600

B 3-11 A v =atA XNV, Az = 0.00126m)IZ L 5 K E fiEHT

HIDIN R > o = TN U727 — A DIRENVRFE DS, FEHED X v o 2 TOMNTRE R & KIKF
CTHHZEND, HELLTHFEAL TV A v a4 XOSEMNHR TX -,
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3.5.2 NTAMLO K& &2 X 2 ST fRAT

H8AFTHRARIZLIIC, OBND 0.5 BETOOF v 2O A OJEBIK Y 5K
CrIZANTANELE 5 272, 0.5 BPLIREIEIA UKV x5 2 CRtR AT 5. ALSMELOK
EIEAH ST, MERBREICRIZTTREL D,

F P 3-5@ITR T REEMRIEENC R LT ATHNLO K & S &) STt 2 F2 ki
T 5, fENTHERZX 3-1212r 7, X 3-5@ICHAT, IRIEOHKEHENAETH 5,

WITK 3-5(IZ R T L EBFAHT ORI LT ADAMLORE S 2B S E-b DL
RS DIZOWTHT 2 Fhid 5, fEbTii R4 X 3-12(b), 3-12()iZ~d, X 3-5(b)
AT, IRIBIIAAELO R X SITKAFE L TWD D, IREINIHEE, TURL2WNWZ LidED DL
720N,

BT -5 R T ZEM IR 0 LT, AN LAMELO K & S & YR S8 CTHEHT & FEhi 9
%o fNTRE R Z X 3- 12T, K 3-5ITH~_T, IREDORDFENAETH D, LIk
DRBEMATIZ LV . N TANELO K E S PIRBE) O R U KIF T BTN F R 505
77

0.0100 : , ‘ : 0.0100 ‘ ‘ :
Tube 1 (Cr=400) ; ; Tube 1 (Cr=500) !
| | !
|
0.0090 4 | 0.0090 | |
| | —
o | | » !
2 - X 2 |
£ 0.0080 fi- /- £ 0.0080 < e
|
g } z ‘
) | [ I
|
0.0070 ! 0.0070 | |
|
|
|
|
0.0060 : ‘ . ‘ 0.0060 ‘
0.0 2.0 4.0 6.0 8.0 10.0 0.0 2.0 4.0 6.0 8.0 10.0
Time [s] Time [s]
(b) Cr=500, A TAELIE I
0.0100 0.0100 ‘ ‘ ‘
: : Tube 1 (Cr=600)
| |
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0.0090 0.0090 |- --- -+ |
| |
e e ! !
=~ ; =} )
£ 00080 [ X £ 00080 X
z z
=} o
= =
0.0070 0.0070
0.0060 0.0060
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(¢) Cr=500, A TAELEEK (d) Cr=600, A TAELHEK

4 3-12  ANTAMELRE SIT K D IREEARpT
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3.5.3 NU 7 MEEIC & 2 REEARAT

F 343 THMLIL I, ADNBHEIC X HREFMK 3-8 128\ T Takeuchi KV 7
NET IV DA o TRDO T2 ZEFFUTEVEIEE 7 MR T, AR L 72 22 E B X Ik & 7l
L7z,

ZITIRRRL NV T FETAEMNT, K 3-1 ORMERMEEZM L TRt 2 £ 2,

F 7" Takeuchi FHBI D& FIH L CTHNT 5, TR A X 3-13 (a), 3-13(DIZRT, it
BN LET HANDENEIR 0 55 CriZ 100 K272 %5, Takeuchi FHBINCTHEFE L7z A
A PR (¥ 3-14) NYERET NV THREINZHBD LD /AS WO T, K 3-5 [T TLE
TN XIS KIS IE K DI 7e > 72,

RIZ Lellouche-Zolotar FHRH= VAFIH L THEMT I 5, MFTHESRZX 3-13 (127, A
AJENBRRL VLRI Cr 0 1272 > THMEINZEIT L D, Z4UE, Lellouche-Zolotar fH
B CRAE SR A R (X 3-14) 28 Takeuchi f#HREX O LD LY BIZ/NWNEWNWHDTH D
ZENRREEEEZBND,

F 72 Dix FHBHR D2 R U CTHIAT I %, MRFTHE R 2 X 3-13 (I3, AR E#HEKY
R Crid 01272 > THIRBINLEIC /e D, Dix HBEATEHEA LA A R (X 3-14) 3
bhENWZ Lnb, RULENRTE & o7,
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X 3-13 KU 7 MEHEIZ XK D REEfEAT
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RIpD NV 7 VETAEZFIM LU TEHE LIRS FREZX 3-14 1277, FU 7 MEEAHE
KXTHE LIRS FRIWERET LV THRELEBDO LV /NS Li3pinolz, UbED
ZLinn, YERET NV TORNEERIHERD S > & bIRSTRTH L Z LB aho T,

1.0 ‘
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------ Takeuchi
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X 3-14 RA FR4H5H

KU 7 hETVOREEIIC RIETHEZ TS5 7-91Z, Takeuchi AHEAXZFIH L TR
B E M A AT 5, FENTRE S A X 3-15 12T, BEMET LV CTORERIZHE~T, FUZ K
HEET VU CIIEENE Y T 2 X, IREEMO TR E A% ET L2 LN T
=77,

2.5 T T T
A l l
| | |
| | |
20 A I I
'm l l
[ |
a4 |
= 1.5 o AN I A
= oY m o |
'8 | LN . | - -
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-33-



JAEA-Research 2010-007

3.5.4 TAHREEER R REARERIC K D AT

Z 2 E COfEHT TlE Martinelli-Nelson AR EEEIR RIGEARBAEREX 92 FH Lz, 2
DFi Tl Chisholm —FHFFREAABI 9102 KA U, & 3-1 OIEMESRME 2] U Tt 2
T 5, EATHER 2K 3-16 (Z7r7, Chisholm FHPRYZNTRIE L 72 AR EREHE I 1T
Martinelli-Nelson FHES=UCRIR L2 BEEHEA LV KE< 2o TH Y, K 3-5 1T THET
NLE LT DA /2 0 IREEAIN R 70D Z Lotz
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C, =1.11775+0.45881a — 0.57656* (A-1)
1_

Ug,' — k . CO( Coa) S gDAIO (A'2)
m +C0a(,/pg/p, —m )V o
K2,

k= D (A-3)
D

m = 1.367 (A-4)

K . = D" min L,IO%“] (A5)

b 24 D

D’ :D‘/gA_p (A-6)
o
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Lellouche-Zolotar KU 7 MEEFHEI=UILL FO#EY TH D,
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- (A-7)
K +(1-K)a
1/4
Ugj=1.41(°gA2pJ (1-a)” /(1 +a) (A-8)
P
K K pg 1/4 -
=K, +(1-K,) = (A-9)
P
K, =min(K,,, K,,) (A-10)
1
K, = (A-11)

1+ exp(~Re/100000)
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0.5 n/2
r=|£ [&j (A-22)
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