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Study on Effects of Pulsating Flow upon
Thermal-Hydraulic Characteristics of a Marine Reactor
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Hiroyuki MURATA, Ken-ichi SAWADA and Michiyuki KOBAYASHI

Abstract

In order to investigate effects of the pulsating flow on thermal-hydraulic behaviors in passive safety
marine reactors, the following studies were conducted: (1)a series of flow visualization experiments of
pulsating flow obstructed by an array of square or circular cylinders; (2)numerical simulations of
pulsating flow obstructed by an array of square cylinders; (3)arrangement of natural convection heat
transfer data in the core of a model marine reactor during rolling motion.

In the flow visualization experiments, PTV (Particle Tracking Velocimetry) was applied to investigate
the flow qualitatively. In the steady flow obstructed by an array of square rods, Karman vortices shed
regularly from each rod, when the pitch ranges from 6.67 to 13.3. Similar behavior was observed in the

steady flow obstructed by an array of circular cylinders, when 3.33 < L/dc <13.0. When the pulsating

amplitude is small (Q2 /Q] ~ 0.15), any noticeable differences between the pulsating flow obstructed
with an array of square/circular cylinders and the steady flow were not observed. When the pulsation

amplitude is relatively large (0, /Ql > 0.43) and pulsation period is long compared with the shedding

period (8§1* = 0.08), flow acceleration stabilizes wakes behind the cylinder and the flow deceleration

destabilizes it. When the pulsating period becomes shorter with the same pulsation amplitude, the flow
pulsation controls the generation and breakdown of the Karman vortices.

A numerical simulation code was developed by applying the periodic boundary condition along the
streamwise direction, and calculated results were compared with the experimental results.
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Calculated results showed a little dependency on the range of the calculation domain when Re=1000 and
L/d=6.67, 10.0. In spite of that, the agreement between the calculated results and the experimental
results was satisfactory and the simulation code was demonstrated to be valid for computing the
pulsating flow. )

Heat transfer coefficients in the core during the rolling motion were obtained from the natural
circulation tests data with a simulated marine reactor mounted on a rolling bed. Heat transfer with an
upright attitude is well correlated with the Rayleigh number. Heat transfer in the core is not affected by

the inclination angle within the range of the present experiment (.. [al =22.5 deg.). Heat transfer in
the core is enhanced by the rolling motion and is classified into three regimes: namely (1)

0.05 < Ri RS 0.3 where heat transfer is dominated by the inertial force due to the rolling motion; (2)

0.3<Ri, =2 where heat transfer is affected by the combined effect of inertial force and natural

convection; and (3) Riz>2 where heat transfer is affected only by natural convection.
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¥ EEMReMERRE B1E F15 (PRIZE) RaEmE 9

IREVABE WSS, IREFEOME - BEMAHD
FEREE AL A s L TEWED, T e
TIIEER 5 OHBHITHEEGE Y., B 2 -6 ICREIE e oo e
BAKEWN, L/Id=6.67,Re=1,012,Q,/Q, =0.88,St s SRR
*=0.088 DPHOXRT PIBEERT., TOBA.
BARAGREHLEL D RIRBTOVDENEETH O,
IRBIFE D MEEE (p =85° ~95° ) ITIXAREBTRMN
HELLTAHNT @B EHEEN., BEE (o=
265° ~275° ) ICWHABRBRRAALELTEHER,
N @B LERAMICHEKL ., HEOMEBERN
BN THFBOLSITRY. BEICIIENFEENE
THRTHERINE., —F. IRBBRE\EO/NS NG
& (.Re=1,011,Q,/Q, =0.14, St*=0.086) 1TiZ
WREIFE DI « BEIC L D REEETEEZL. B
HEMHICBNTENC Yy HFRAIOBEINRES ko
DAHAT, WMUBEBEEREKREZI o, ZD&
EORYT FIVEREE2-7I2RTH, IREOAEN
180° EHoTWAICbhhb o T, MEFICHERE
MEWERENI ERSNS,

—%. RBEMNENFEITIE. AT ikl
AL BEVWRBIROEELHNAREBERICER
T520. RBEBEIKEVES, MEMLHETHIL
T BB+ AR ENBDNEETREMHICAS T
LEW, mEECWo AR NZHRAEBNEE
BORNOAREENERIZE>THBLTLE- =,
ZORER, AN B/OERK - RENIRE)EM &R
—OREHTRVEI NS FHENER>=. B2-81ic
L/d=6. 67, Re=1,012,Q0,/Q,=0.91, St*=0.528 ®
BEORZ PIVERERT. MX 0., NEMAHE (¢
=15" ~60° ) TAZEEE FHITHEHREE DR
WEREN., BEAME (6=195° ~240° ) THED (b) Re=422
AREEBLEL THFROIDIITR S TWEION SN S,
FERTIRBIRENHE D /NI WIEBE (L/d=6. 67, Re
=1,010,Q0,/Q,=0.43, St*=0.528) ICbZDH&
FEREORN LS =,

2. 2. 2. MEVNEBALEREFDOIRS
KIZ, MEANZ2BALZIREBIFOEBRER 2 ~3
DEZOWTHET S, LY. EPEHICEALEZP
TVHBIX., —EIC6RASOEICE &L MILE
TERholizd. REBMOBBMBKTETSITIZ+
NTRAaho7z, T T, ERBICESEEBNEN
HgaL5EMBATYZHHLULEE, AREFAIEHFA
Lizihnicn L TERBOBEGHEGRIF 2TV, i

popfed

NFoOFEMzREZTo . X s dsieua

B2-9icL/d,=6.5 Re=344, 422, 1039 D E X F
B HER NIVERT, BEXY MVE, (c) Re=1,039
1/30[sec] IR D EHE L 7= 6 B Al O W B L E b S
ROTWBE, F2OEBOENTINE, FHIEA B2—-9 MAEEHALLEERO

ENEAEZRLTNS, Re=344 D& &, AEHE HWENT v

©
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BICEFN 2 NFRBPER I, DA~ i
ARV, LA L, Re=422 i3 L, BE HHE
BOANAL<BARELSI»LBEEBEERTHWEOR
GhB, ThEV., I BOKRBIEE SER
VA I AREIE344 L 422 0RIICH DB Z ERD M5,
VA I NVZERERUEENTZE, B2-9 (c)
KRT X<l vBEBICR S,
Re=1,000 O H{AEFIZHEA L ZERROBEITIL,
MEOERS Y v F 0 EBREH : 3.25<L/d_ £13.0
DETTEENRIN BOKRERBEIS N,
B2-10 iz, L/d,=6.5 i=BIFBR hu—r#
VA N ZHEOBRERT, IFORE~VIZE*
<H:d,/H=0.08 OB—HEFEHFEALLF ¥ R
WICE T A EH L OERBER®S 27T, ML,
AEBERIBLOKRLIHEELEVEHB L
Bohd, AERERTIE, V4 2 AXEOEMC
DONTHRAVA A ZXEEEETA b — VR —
EHEM L%, Re,>76 TIXL A 2 VAXEOHEIMT
DHTA MR — 1 VERRD T B EEERT . —F.
BHOLOERBERTHE, A bu—rABRLA 0
A OB > THEBIZEMLTEBY ., Zhid—

BRPICHASNEAERKROZEEB L —H L T3,

FoT, FEBRBERLEHOLOERER L OERH
HORESHOBNWZLALOLEX NS, 2B,
AIFERHE L T5 NSR-7 OEREBERTRER
BOHNER 20om, (EMICERZTD) LEFAEY
v F D 24. 9mm, FH(EF) FAIE v FH 24. 2om & 72
S T3, EFEORKBEBR TRERICERTSH
ML BEBROEEEIEBINIERTHY ., (E
WA ENC AN —F, FHCEEIShTWS) &
MEDERLIZBR>TWE D, AFLLICLS
EELEIIHERNR, ERICERTELHm (=%

04—y
o Present work
L @ Yokoietal. | |
0.35 OO ° o —
o oq
0.3F .
St
0.25+ -
@ ® ¢
0.2F R o © © -
PRI | I L i RO NS
0.15 e S 10°

d

M2—-10 AHEZBEALEEERNPRA bo—
AVEE VA VA ORBEE
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BHm) ORBMERMBAEFICHRNED, EEOR
NERBETIEREREOIODORBEREIZTS
bOLEZ DN, MEBEEORENER TE HHHAF
LORBREYV b, BEROBNFOFBEHORN
WEWbDLEFREIND,

B2-11 o, L/d,=6.5, Re=1000 Ok xm =

b2 — VORI EIE ¢« St, EARENAE L D
BRERT, HEITRSA b — 8 St*TH B,
Fe, BPOWBRIEERICBIT AR b —rb#k
ZRLTND, B, RBWICBIT3A br—rb
X, AEERWICBI Dy TMRAFTEE: v (%
W) OFEEIICIVERELE, BEY., IREIRE:
R2/Q;=0.19 DHFAITIE, A b v — LIRS
DEBYZ T, EFMOBELIZIER—TH5Z
EWRGHD, AIRIEERICBIT>BEBAETH, =
OBEITITEIEAHIC I = BB EED S i H
INDHONREBINTE, —FH. Q/Q ;=059 D
BT, IREIAHAHELEY St*=0.081 DL & (T
HEERLITIER—TH B A, St*=20.119 TIL R
bo— " VERBEECESLTEY ., RBFEOLL
T UBMBEBICRIETEERREWI LB S5,
RERRISTHREZHRFTT 27280, LA, =65,

lTe =1000,Q:/Q =059 DL XD, MBI

By FRBAFEE: v (AESSLO8 L, M
XV 2.35d, THTEHAD LWHEEHREORHEE
xR 2-12 Io5xT, RBBHREERICBTED
e riEEHESSt=0318)IC X TEWVW(St* =
0.08)L &, yHRARBAFMEEDORIIEROEEFIEHK
IR L HICE ST S, R EHRESEMT Hm
WIS y FRRPOEE DIREBAS /NS 20, BE

035 | | S
I O i
03f ® ©
0250 m "
Stw  f O 0s0-019 |]
0.2 B 0,005 |7
T I Steady Flow ]
0.15C ! 1 | | ]
0.05 0.1 0.15S 02 025 03

t*

K2—-11 MHEZEALZIREBTKOR bo—
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BRIy FREEORENKE< RS, chkD,
AL BRIz RN EEMRL . BERICIRARRERT
5bDEEZIOEND, £/, HILERICBTSE
BEE»S, MERICIHREBEEN/NI< 2D,
BERIZIIRE ASBETIHEEINSE, 2. v
FHEBREEOCEB A KK, Iab b il H E k.
S REOHMEITHERTEENHM S,
St*=0.12 DL E, AN UBEZ—ROIREZTH
ROETE2ERBMBENTHEZENSMS, v
HRFTEE ORI St*=0.08 D & & & FEE. ik
RRICIZIRIBA/NE <720, BEBICIIREN B AT
5, REIPHABEHRRICB T 2RI B HES
CEERBETHS St*=025DEE, AITMH
MEEEEIRSEARRE —HT 5. LML, vAi
MR EECESHE M IR B KD L SR EZLKT
37 <, BEEERENRENEESIIH VY —2 %
FD., ZOHMIMDO275r—ATHRETH 5.
R —H . AR SO\ B o0 R RS 4 S IR B
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Y | R R R R B IR
S T TR T 30

(2)St¥=0.08
£ [s]

(b)St*=0.12
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R ::..Hl....xuulu.
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(b)St*=0.12
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E L E
0 10 ;g 20 30
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(c)St*=0.25

(©)St*=0.25
K2 —13 MK RITEEOREZES)
2 ~—12 WELS L AFEERKEOBHITEE (.Q,/0,=0.19)
L DOREF% (0.9,/Q,=0.59)
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EoTHREEK LAWY, L/d, =65, Re=1000,Q

2/Q1=0.19 L EOHEHREBICBIT S yIFmB
PEE. v ORBMELER2-131cF7T, ZORLY.,
HEABERSRBBIIC L > CTREBLLENT
EBGDD, 2T, Q2/Q1=0.19 DFAITIX,
MERRIIRBROEEEFALZ TRV I L BHL
MriR ol

2. 3. 2EMELYD
AE/MEEZHFEA LR ICHET 5 AIREER
EIToRHR, UTOZLERHLNER-%,
OFAZ < LA LEHRKE WAFEOLBITIB N T,
AR EZEALLEEEROBE, 6.67<L/d<13.3
TEHE«DOHEENL DA~ EMISIT—EBE oK
Hah, TEOA M= VEITH0.3 25, L
L. L/d=3.33 OFEITIT, WA= BB EHGIC
BHEShW 2 WRRA RN ERSD, —F, AR
WALEEEROESICX, REBROETOE
BH:3.26<L/d_ =13.0 TEFBR AN~ U BHO K
BEEIN, Ao —¥KIEH0.32 ThH o7,

QOIRBIFEIEN S S (0,/0, #0.15) BE,

AEFIZBALERNTH, BEFEFEA LN
THEFMEOBEREVITARL, AEFEZEAL
TEREIE TIEA b — IO T HER RN T
LRy hot,

QmRBIEIEN K&V (0,/0, 20.43) B4, K

BRI LEHE, (S ~0.08) L. (B -1

FEANEFALZRILTY) MERIC I ERBAE
FL L. BRI RZELT S, L L, IRENE
HInE< sl on T, BEFIZHFALEBRNATIE
A PR —AEBPBRFIET L, S 5ICIRENBH R

< (St'>0528) 2Bk, k- HEEMhz

FALZZENTHIRBFEOME « Wik > TH A
< VBB - RETARBRXEOKNE 5,

3. mﬁ;ﬂﬁﬁa}%ﬂﬁﬁgﬁﬁs4)~3g)

AW TR IRENEDOBAK N ZEEZ T RT 579,
AEFIZRA L BRI U CHERT 2 — F i
L, AETIE, AYEMBFTa— FO/FREER
L7 b T, BEMITRR L THRIEERBER L O
CRY, BEFEFTa— FOZUEEBIET I LI
T5o BB, AREFF TIRBERELEROER

(12)

LLenT, ERERLBEMTEREBRTEL
e bTHEELBRT S I LT 5,

3. 1. BAFE

AEAEMEITIT ZRTIEEME O Navier-Stokes J5
BAERPzRALF—REPar be—A R 2—A
BICE > THERE L. RADEE - EHHFES IM
PLERAF—21*" 0k o TR\,

V-i=0 @
_aﬁH;.Vt;:_leH/Aﬁ (5)
ot p

HMEOHESAICIIREOQUICK " &, fhk
HOBEBLITIRLESERA W, £7-, BEICE
LTHEBRMES PRV, BRAAT v 7B E2&/IMET
MIRERED 7 — 7 L ER+GRABERF>TLUT
LB X9, 10 *[secld L,
ETREGROCARERE TOEREETBY RLD
SUEBER L, £/, ADQ - HOTOEREMHIX
EFFMOBAYMEERE L (AHERSEME), T
bbb, FEERO YL 2<is(NI-2)D&EE— >
DOHEMEEE L., TOSMUTIE (H1201F u@)icrg
L) OBIBEEY SE2 L Lz (3-1518),
u(Lj)=u(NI-3,j), u(2,j)=u(NI-2,j)
(- 2=<j=NJ-1) (B
u(NI-1,j)=u(3,j), u(NLj)=u(4j)
HEICHTOIRGOEFHE T CREEOREIIAR
ELhDH, #Z T, Navier-Stokes FEFIZIIT 5
EWRFROENADE E2EHDE N T A —

5:AP, /L., (BU. AP, 33 B ESE RO T

B A oI

le
-

I }
i=56
i=1 BHtEERELaE — :

K3—-1 BAHEREE
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2R MOENE. L. BHEFEROZHFME
&) ZAWVT

—%=APC/LC +f(x,y) )

ERT LT D, RMEEHLTS L, ®RAR
"rbHN D,

PGj)=AP, [L. - x(i)p,()) ®)

ZITAP /L, RS, piG)ERMBL LTH

S5ZEEL. BREBLELT p.GHiost LTR®G)
DREEAMENRRY St L Ui, ABEMFT 3 B4
FEMBEHER (M2-2 0WEcHIL-EE,
g, ERELIER) LLEEE. 2TOAZEAY O
WAVIEFE— - AMBTH S L OFREN2EELH
TILICRBED, BRI THEBFEERRE
ELAd (FxiE., Re=1000 T L/d=6.67,10.0 ®
LE) ZERTFHEEFTILBEOMC o, ZOK
B, APESEFT THHEEROKRS SR AT 24—
ELTHEmWHY 2L L L, BABAHENZEREE
HETELOEHEREY (K3-288) LT,
ZORBRICRNG) T TAHEREKGELEAL T
%5, LId=6.67,10.0,13.3 O 1 X% 7%= H DBF A
DOEIIE % 52X56, 65XB6, TIX56 THhH . Ak
RE R OEEERL DR/ THFBIL 6.0X10 *[m]
TbhB,

BEMRITILE « DFAIToVT, AP, /L, =20

X10™?[Pa/m] (..Re=200~300) O &fE% MM
BL L CHEERF 2T o1, FHEIEN GRS
A=F EREICEMSTET, KBLAL 2 AL HR
1000 T 2R EDME (L/Id=6.67 OB EIT X

AP, /L, =2.4x10" ' [Pa/m], L/d=10.0 Tk =1.7

oD,o|o|o|o|o

8 —2 BEMTICETSHEREROIEK

X107 '[Pa/m], L/d=13.3 "T{X 1.3X 10" ' [Pa/m])

WELERIENDEAT A —F 2 —FEIlhb,
NRRETDHECTHLSRVEMGE LTS5,
Bh -HHEEHELE, £, ROPOEHNS

BlXT7 A—5: AP, [L, % ¥R CHBLES s
DIk IRBIE DR E £ 1T - 7,

3. 2. BEBRLERE

EFT EFRROBEMFTRERICOVTRIET I,
B3-31c L/d=6.67, Re=1000, HEEEN 3K
FOHE (L, Y—2R2H3 LRE) OoAEICE
RAT2550, BHOBMELE TS, HEdERT
DEEMTH D, REY, ARCEATIHEHIY R
ERLEE LT ERY CEZRERICEBEE L ©
WD ENRGND, Fiz, MHABEHESHD 1/2 O
B TEB LTV ERG,D, BhH, iho
DEIRREET, MTERICIBVWTHLERBRLRA
B, SAEIPD IV BE—ERSTHRE SN T
WBHZ EEZRLTEY, ZRIIHB., ividsmE
ME (KERE) ORMELIS bERIRE, o
= ATHLERAENDL I VIEBRBHOIC K S
DT ERERINEN, RioBREL 50, 3E
B A BN ERERE: Ly —22H1, 3H1 T
BZEOEEHITREE - 7,
RI-LEAFRETIT-72, EERICETI LT
DEEHERBRE2TT, B L5025 L 512, DRe
=1,000 ®BEAE, L/Ad=6.67,10.0 TIXHEEE D K
EZRLLoTHAERC A v —rABEDOR
WHRERE&T 5, L/Ad=13.3 TIHHEHEEDO K
EIRWRoTHREEEH LAY, @QRe=667 DFE

2H3, Rod #2
10 e RO 1200

Lift/Drag Coefficients
& o

10:""- N T \ L -:O
0 2 4 6 8 10 12 14 16
U /d

B3—3 MIERCBIZHEN, fHORBEL
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121X, L/d=6.67,10.0 THMBITHRIIFEREROKX
XWX THREEH LRV E NG, D,

H3-4icBERLEREROMNB L LB L
TERT, ARIEERBERIN2-4(@DRE ok
Ny MBETHY , BERETER (BEL. FEE
BiE 3 X)) IEBRERLIZIFAMBORARTH
b, ZOEEY, METHENER LIS —ELTVD
NGB, BB, BPLIBERETFTATYS
B, ZHREOBEOMBEREEITIT—EH LT
ZrickaZ k. @OLIA=6.67 DBE. WIEMRNTE
BEHEARO AKX SICI-TEBTAHZEILLD
ZLEREREEZLND,

Wiz, Re=1,000 OEHEMICBITDH A bu—r b
B LTHEOKEEITY (M3-58R), %kic
W k9T, AEEHAET T L/d=6.67, 10.0 ®
LEHBEROKRE SR Lo THEREENETES
FTHER, BCHHAERZBRLRESBRoEEED

BTRERZ LR TRL, HFERKOEVWICLD
BITEROLEESHZBEBETELTIWVWS, Ohb,
L/d=10.0, 13.3 TRMEFABRERIERERLREL —
BLTVWBZLEBSPS, £k, L/IA=6.67 DFE
h, BN RLERERLOZRBEICRIT IRE
FEETHLEENTHD,

UEnZ b, —RTEHFEEERMERTa— FIX
L/d=6.67~13.3 OMBEOEERICE L T, EMER
CHEBHICLERBRE JVW—F%EZR L, BhE
FRELCHEBHEAZLESHALPER T 28,
AR ERICBWT, L/Id=38.33 O@NBIEAED
AN EBABEMCKEBEENT, D —R L
XEMRNCRE A ZENBALNE Ro R, HKIER
WTHARRETEHOELVWHENRL 2%, Ld=
3.83 OEAOEMBEEMCELTIZ, ANERSE
EROZLEZEDTEDIBRHEZITS ZEPLE
ThD,

#£3-1 EEROBEMITER

br—A | L/d | N APe/Lc Re Req St Co |C.| | Ao/2x
2H1 | 2.0 | 1| 0.24[Pa/m] 089 [ 148.4 [ 0.2795 | 4.786 | 6.673 —

2H2 " 2 n 1,070 | 160.5 | 0.3831 | 4.740 | 4.530 | 0.4980
2H3 " 3 " 1,067 | 160.1 | 0.3548 | 4.732 [ 5.977 | 0.3321
2H4 " 4 " 1,064 | 159.5 | 0.3398 | 4.728 | 6.874 | 0.2509
2HS5 n 5 " 1,056 | 158.4 | 0.3282 | 4.726 | 7.454 | 0.2003
2HG6 " 6 " 1,067 | 160.1 | 0.3548 | 4.732 | 5.977 | 0.3321
2H7 " 7 " 1,069 | 160.3 | 0.3716 | 4.736 [ 5.088 | 0.4268
2HS " 8 " 1,064 | 159.5 | 0.3392 | 4.727 | 6.874 | 0.2504
2HO9 n 9 " 1,067 | 160.1 | 0.3548 | 4.732 | 5.977 | 0.3321
2HI10 |10 " 1,068 | 160.2 | 0.3662 | 4.735 | 5.344 | 0.3960
3H1|3.0 | 1] 0.17[Pa/m] | 1,042 | 156.3 | 0.2953 [ 5.019 | 6. 490 —

3H?2 " 2 " 1,029 | 154.3 | 0.2971 | 5.025 | 6. 867 | 0.9955
3H3 y 3 " 1,068 | 160.2 | 0.3435 | 5.018 | 5.276 | 0.2876
3H4 " 4 " 1,061 | 159.1 | 0.3342 | 5.024 | 5.932 | 0.2264
3HS5 " 5 " 1,053 | 157.9 1 0.3246 | 5.036 | 6.025 | 0.1759
4H1 | 4.0 | 1| 0.13[Pa/ml | 1,030 | 154.4 | 0.3092 | 4.978 [ 5. 947 —

4H2 ] 2 " 1,028 | 154.2 | 0.3097 [ 4.993 | 6.149 | 0.9953
4H3 " 3 " 1,029 { 154.4 | 0.3089 | 4.996 | 5.993 | 0.9974
2L2 2.0 12| 0 12[Pa/m] 681 | 102.1 [ 0.2999 | 5.071 | 6.675 | 1.0000
2L3 » 3 " 681 | 102.1 | 0.2988 | 5.064 | 6.766 | 0.9993
2 L4 n 4 " 681 [ 102.1 | 0.2977 | 5.066 | 6.821 ] 1.0000
2L5 " 5 " 680 | 102.0 | 0.2969 | 5.077 | 6.664 | 0.9996
2L6 " 6 " 681 | 102.1 {0.2990 | 5.060 { 6.775 | 0.9929
3L2{3.0/|2|0.075[Pa/m] 669 | 100.3 | 0.3047 | 4.617 | 5.100 | 1.0000
3L3 " 3 " 669 | 100.3 | 0.3047 [ 4.617 | 5.100 | 1.0000
3L 4 " 4 n 669 | 100.3 | 0.3047 | 4.617 | 5.100 | 1.0000

(14)
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wiz, Lid=6.67, 3 XEOBMEEFTICEB W TE
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(Re=1000, L/d=6.67 DEH )

®lE BEF  (PRIE) Rewms
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AP, [L, 2 ERBRICELSES L, WETYR
A M B L. IRBIFE L 25 L BB,

A

— Re=1000

Strouhal Number
()
w
|l0I||III|IIll|lll|

I
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—O— Calculation 3
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ok E, BBMEYREBLVAL LXK

s 2H -Ufv =1039, IREIA b 0 — A A H0SE* =

0.159, Q,/Q,=0.28 Thot, HFRXMICBITSE
HEARIZ, TORESRBBAMILICEHTHLO
O, BER—MBTIREGFH LB —BHTERHL T
WA ERSRD, ZHEIZIEE KRS

(2H -Uflv =1027, St* =0.142, Q,/Q,=0.41)

DEBRERZE3-6 M™Y., EHAEDEERT
EBREROFBPLRREY (ZNILERERDOIRE
BEARKEVWEDTHD) bOO, MEEBLEEN
AREFOMBEREEE TITIE—HL TV 5,
L/d=13.3, 3 XM OFMEMITIZRITDEAIEIC
ERT 2B HBREERI-7TIERT, IREBOZWVE
BWROBELRRY, EAROHHIREDREEILTS
BB CEESTILO0, —EFYTHEBEHY K
LTEY., RBFBCBOTHLEREIPLAL U
RHEHERTWAZLERLTWD, ZORRIL,
AHELERER L —HT 5, b OREMITER
LERBRLIOKEICIY, BEMFTIIERERL
S —EBT A2 LALLM LR-T,
RUBEOAKEEE TOMGEE/FEORBELE.
ERHROBSICHBELTH3-8IXTY, MHicE
PN ARREOBGEIL, RIVCE®TT 5§k
SOBMGER (=Nu,) BELEL., BRSFRS
NAEEH (=Nu,,) TEROLES 2D, REWSP
WWEPN-AEOEHAGERT, REZBLFA—
ACTEEBLTAZ LA SND, —FH, EERPIC
Bhh7=AIEOEHAGERT, BEREAHRLS %
RLTW2Y, 238, ME O ESEXIZIZEE—
ThHY, REHEORBTOBE, BEZRIRENIC
FVFREEEINZNVIERSID,

3. 3. 3BOFELYD
AEFEHRALLZERICH LT, BHEREG 2
WAL BERTa— FEHEE L CHEMRT - ER
LR, UTOZENBELNL 20T,
OABEMRT o — FTEIFERE S B R HER
LT AGEA, RRENRAREHFEG L LITR
DIRNERBRLECRDBE (F—22H1, ¥
—2383H1) BdHbB, Re=1,0000DE4, L/d=6.67,
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