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Poiseuille i-SREBOERE LTI

HA#BH 5= % & — (Ken-iti Munakata)

1. Lok
BB bk RVAA FONEERERKS RS £ 5 BEE . = KIER
DBTHAEPME LT, EROICSL, 2ABARTEOE, b, SROFREE
Lo CTH) EFSRTEL. FHELKOMEOEREBAL LI T > T
BB ws, LbLahoBRTil, RECEREN, SO LE LR LY
WOTEBBE V. BEOLDIE, BEPSLANOB )LD D O BRI
BEBELCATSL, KB HRACIIL, BT W@ EsRAL L WS
FEEPLG. CRECRISHIEFTLATVERBEBIME T, A
BRCHALFRBHORL 6N FHEARL L ek >, COBMEERE
52 OB EOPDE L LT L VI EREL T, BB PE bV KEE
BLREFAEBBLC, EFORABELALE. ChETRBLALERRD

WT, BE2zHmELTEEL N,

2. EHBHHBEALEOWE

RSN HERE (r, 6, z)IZRT, FHERTHS Poiseuille FH
W=1-—r?2 CHILEE (u, v, w) ZMALABICRETIBEORN %
(we, wo, w2) L, Navier-Stokes FEXAPOLHENFEZHEELTHLN

5, FRBOBEHEALEHHBEA L LTHEMTLEILIRTS.
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w = rot v (1)
3 wr 0w, Jdu 1 w, 2 0 we
— 4+ (1 —1r 2?) -2 — - (Aw,— — — — )
ot 0 z 68 R. r? r? ge6
dwr V 0w, dw-r du wed u d u
tu— +- — tW— —@,———— —w,— =0, (2)
ar r 06 oz or r 06 oz
0 we 0 we o v 1 W s 2 o w,
+ (1 —r?) —2——— (Awo—— + — )
it 4 z 06 R. r 2 r2 a6
dwe V Owe o we AV wed V v
tu— +— — tW— —@,— ———— — @, ——
Jar r 86 0z dr r 06 0z
1
+—-—(vw.—uwse) =0, (3)
r
0w, 0w, o v 1
— 4+ {1 —r 2} —2r ——— Aw,.
ot oz dz Re.
dw, V 0w, 0w, OW wWed W o w
tu— +—- — tW— —w,—————w,—=0. (4)
dr r 06 Jz dr r 86 J z

T2, ReIZFEHRD ReynoldsBHZRL, LHAERX(2) — (4) &Bw
THBBOMEEHZREATLIHE, FRDB2HTLUEOBZE>TWE I L
FRELTCBEW., ZhonHEAZHECHE 2B TI0nD, #BEMY
DEBIZBWIEIUSERESIRTWL L ISOEXARREE:Z, H56700103k
RIBEEICEHA T LIILDLLATHTH S .

BEY QX Poiseuille OBRBEEHOMBEICEHLT, ThITIZHEAD
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FEEF->TELY, 2RTOFERBREBIICEL TL, 40 FZBERXRKERE
REIC LB 27228 H5%. Thbb, HEOEFRIAREL THEL
ELICRET L@, HELTHNETEIToOBREZERT LD, SKHDOK
Masba—- 22 MICRBREIICOADEHRL T, 20 0XDIERIBENF K
NHEXE®SE, tOBRBMARZANLLDOTH S .

REDHEETH /P arba-sogtilbs, KRBT Y -8BIUHEA
WEY 7 bDERARICE>T, ZBRANLEREREZL-TEBILD L, 3KRTDG
NOMBLELTIZEBRYICHETH L, Poisenille ROFRBEEMBEIICIY

MUY AHRLZLDEELTVD.

3. EXREENE:EEREORER

CBREDEWNT T BEADBEEZRDL LS, — BV TEOTHETH 55,

—EDOERFH LWL TEREROLLDIE, EXBERERETEHRT L 2L
BTEB.

FPEEROICEALTE, BEFBRTHSL explingd) (n=0,1,2-")
DED FourierBBEAZHEMAT L. HEBFEOWAMmMIZOWTL, BEHFHHB
EEZBRTIEZLWY, FourierBRBICHBEL T, explimaez) OBER
£35 (m=0,1,2,"-) . HEODRIZEMRALTZLELE, a2RDS
FHRPOBHFELLZVWRTH S, BBELENERLOBEZHANS L T/NT X
— bl Ta2RLTIBIELBAR IV, |

mm,méé#fTOWT%éﬁ,ﬁ%@&ﬁ%ﬁﬁﬁﬁéﬁ&&%(u,v,

w) ZRoBIcBLLZERTSE (v=1, 2, 3 -+ ).



V= 525 maXen{2r daulr)triéan (r)} -
exp i (nf@+maz), {5)

u= X223 imaYawwtr do, (r) expi (n@+maz), (6)

W=—Z%3(n Xt Yaul (2¢al(r)+rén (r)} -
exp i (n@+maz). (7)
::m%ALtﬁﬁ%w¢nmr)u,uTm%ﬁ%ﬁ(8),(9)%»&#
ZEHRETHD
r—=> 0: $alr)= rr, : (8)

r=1: ¢ an(r)=0, déa(r)/dr=0. (9)

HFEKX (5) (7)) TRSNEZHE (u, v, w) I, KEOERTH S
Xnu‘m~(t)1Ynum(t‘) tﬁ&/ﬁ\bﬁé:&(l:i’)‘(y ﬁﬁﬂt%@@ﬁﬁ@

mlr, 6, z, t)ZBWT, EHEIENX

Jdu u 1 dv aw
-_t—t— — 4+ — =0
dr r r 96 0z

2FARLTWRILHASREIOLNS. O3 LEBIIER2 ML K
FULrADPLEPRIEVWIBBREAELTVWLIRTH LS, UTFoZHA T
Cbalr)E GRFYL V) EEBRLBRILETS. TRIEHLT,
r¢n,,2}¢w+rnmw‘B;u‘2¢m+r¢w'u%n%nﬁgmu,
VBIUWRS R RTEEBRRLE2TEIVWTHS S .

g, CNODEERBICE?S Xawa (L), Yaa (t) FiL, HEHE

41
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RADEBMRERERBTEILDOTH->T, TREFRRRZ FLEBERI L
x5,

FHROERC LT, EBFEAL LT, FERA (2) — (4) 035 b
EO O EBAT, CRLEEANS FHNCELT 2 LS CEDD S L AER
sShs.

FHEPINITREBRRLLT, AROERORBOBEFEER L 2, EEO
BAEEE, 2o EALCSA. SEHEMEOLHIC, CRESHERTHES
PRABIEEEZT, Jacobi OZHREAMML L EEAREZERT L LA T

SLDTRBIZBWT IR EZRHL X 5.

4. Jacobi DZHEADIGH
Jacobi DZIHNX Ga.(a, 7 ; x) X Gauss OBBWEEAKF (a, b, ¢ ; x)

BWT, BRESFPERBETIIVYICL2BELELTRDEIICERSI NS
Gon(a, r;x)= F(a+n, —n, r; x). (10)

g/, KA RITEAMNTOEBEXEAGREZAEL TWS

1

§f X771 (1—x)*“7"Ga(a, 7r;x)Ga(a, r; x)dx=0.

o

(m#+n) (11)

ST, x=r?2 LBEWILELDEL, r—1=n, a—7r=4 LEBALT,
o, BAOBEBZHRONDITICTBL L, Y4HOMBEIZHELFRFY 7L

EERERIFXDOL>ZELNS.

Safir)=r*(1-r??2 G,y (n+5, n+1, r?2) (12)



COXSRLT, EEEBLLTZEAZMENTLII LI > CSHESHR(IC
BEPDTHL, BAREY 7+ 2HMHAITNEEROEADSFHELY, BH
AEZHSELLE, FEBLLTERBRCRODLNLZ LW XY Yy MBS
T, SBRABOFBLEBT IS LICRTERZI>LDETRINS.

HNHmETAIBRLIERBETNVICBWTR, GidokX (5) - (7) &
BWT n=0, v=1 BLU m=0, 1 OHELTZ2HEHL L. 27, X
BIUYDEX, BEEZ2RiNT 2D RFcsZHO2LICTS.

REPFREADBEZEUHICRD 20, &8 27/a 2L OoHERHEAR

ZBWT, M FBADKEDEANSEHEZ 0L B ZLRRE-T, TR
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AT EIDLRBRABASBZONS (2T, RFZEMPBATHEHLTWS) .

dXoe/dt=—{(1/RJCi1Xo—a?C (X, Y.—XcY,) (13)
dX./dt=—(1/R)(Ci+ta?X:+all+Cs}X,
+CsXoY:i—aCsX:Yo (14)
dX./dt=—(1/RJ{Cit+ta?X.—a(l+Cs}X.
—CaXoY +aCsXcYo (15)

dYO/dt:—(l/Rc)CGYO (16)



dY./dt=—(1/R.) ((Cs+Csa?+Coa?) /(1 +Ciroa?) Y.
+a(1+(C11+C1202)/(1+C100'2))Ys
—a ({(Ci13+Craa?) /{1 +Cir0a?)) YooY

+C1502/(1+C10a2)X0Xs (17)

dY./ dt=—{(1/R.} ({(Cs+Csa?+Csoa?)/ {1 +Ci0oa?) Y.,
—a (1+{C11+Ciza? /{1 +Ciroa?)) Y.
+a((C13+C14(12)/(1+C10(12))YoYc

—Clsaz/(1+cloa2)XoXc (18)

t=0 2BWT, Poiscuille WIZHMROHE 2 M2 LD LT, 2D0HD
W VHEBAAEDELE BB T2RTH DA, MEOLBIZEZTH, RE
RZWNWIZEEOHPHELZ 52T, BRRFER 2K :',t 29 5. 2oL
HEREROET LI, BRCRATE205, BROBATLICL -, /@
Fr b ARRB LD BRCHET S, MEr0RREEET 2 TEEND 2 b
DLBH SRS .

Reynolds B R. RUNTIA—F a HEDESLBHELTWE,, o0
MEBECHIEL T, FEBRERTERTEOB S Tl 2 MBI, SAb

DS FERICLBICHARSATWEEEZTLEVWTHS S .

5. FERBEFNVICLIIOAYE2—-FER

H1EEAWE, BRICBTI2EIMEBER>OSRBZREOFHEEL, Bo#EE
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BAE R bDTHLY, FRBRAZHRTLLUEL, 220k 3%
EHNEBOTRESMBETELTAELLLV. K2R THEL
7oou—FEERERE v-EEREABEEFSILTWwWE. o, 312 w—- EEEK
2, MALRERFY 7 VEEREERLTVS. w- BEERICHEY% &2
PHIT, BROEESGIEMALILICLY, AALEESHLRBET D L
BTRETHEERE>TENTHS S .

M5 —fE LT, BElzRIWMEL LT, (Xo, Xo, X, Yo, Yo,
Y.) 42 (0.02,0.01,0,-0.01,0.01,0) %5 2T, 6E0IMBELRH N R
t=0h6t=2FTHEASLALHERZRLTWVWS (R.=2000, a=30) .

CORIERTRLEHMNA S, XcDEHEHEATWS. WPFEFLLT
E26070. 0230V w7, 20255822l TRU LN -7
. KELBRED, LrbESP CHRED T 22235 RILT VS Z L
W5

M6 LM77k, 2ORLROKEEBLZZBT LA, FRXZ ML ELT
D (Xor Xev Xo) BU (Yo, Yeu Y.) OFEALE, 3KIEZ T 7L LTtk
Wi W2bDTHhS. ERLEHEHUMLERY, HELTWE I L 25
LTw5b.

S, B SHOT - FEOM IR ER ) ARz LT, DRSNS X

— P EEITC, BERBEZHRVEIT I LHVEINS.

X ®
1) Fge— BHEBIHARBERAE477 (1983) 203.
2) FGgR—  BEBEIAAAEAARAEZEO661 (1988) 13.
3) Rkt~ MERAHANARLET7 19 (1990) 58.
4) FER—  BEBEIMARARZE800 (1992) 54.
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1 BHEENMOABNDOBAT

0.05}

M2 u-—EEEREEvV-EREEAE (n=0, v=
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B4
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0.04¢t

Xo
0.03¢
0.02

0.01

-0.01—*

5 HWAEERS>DOFRBENZ bILOEA

M6 H#BEBXZEL (Xo, Xew Xs) D3KTTTT
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M7 HBEXZEFL (Yo, Yo, Yu) D3IRKRILIT T 7

M FEICBIT S Lorenz FEADIAAE (ZEX)



