Navier-Stokes equation for incompressible fluid:

Eq(6.9): O 1
e —V+(V-V)V:——VP—|—QV2V—|—f
ot p p

Here v is the velocity, p is the density, P is the pressure, 1 1s the viscosity, f is the ex-
ternal force. Since the fluid is incompressible, then

Eq(6.24) : divv=0

Stokes’ law of resistance:

ov
steady flow => -

slow flow rate around a sphere => (V . V)V ~ ()
=0
ot

IV Then Navier-Stokes equation becomes

. Eq.(6.23): 1
—vP + vy =0
p p
divergence of Eq(6.23) become[see the handwritten proof ]
Eq(6.25):
F6-9 —HBROEMICHEEL T q( ) VQP — 0

HROEDHY DFH.

From this Laplace equation, the solution should has the form

c a-r
Pr)y=FP+-+—+...
(r) 0+7°+ 3 +

The second term means the flow in the redial direction generates, so ¢ = 0. Then we
assume that
V.r

Eq(6.26): P(r) = Py+an 3

Here V is the flow vector and we assume

V =(0,0,V,)

From Eq(6.26) and Eq(6.23) we can get [see the handwritten proof ]



r

3yz
Eq(6.27) Vzvy = _aVZT—5

322 1
2 _
If the velocity of the flow v is given by
Eq(6.29) vev(i 30 _rm\ 3(V.orirn g
4r 43 4 r? roors

then div v = 0 and Eq(6.27) are satisfied when a = -3ro / 2. [see the handwritten
proof ]

vorticity ( = rotv [see the handwritten proof ]
The force from the sum of pressure [see the handwritten proof ]

} 3
Eq.(6.30) [- should be added] Fh — _ / P ( P §roan % )
|r|=ro r

Eq.(6.31) "
= 2mmroV = 2mnroV,k

viscous force

Bq(6:32) [shouldbe <] gy /
V)i —

lr|=r0o

T T T

Eq(6.24) and

. 8’Ui 8vk
Fiyp,=n <axk + 8%)’ Fip = Fp;

We get [see the handwritten proof ]

Fv = 4mnrgV =4mnrgV,k

The total force becomes

F=Fp+Fy =6mnrgV.k
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_ _1“ —k202/4
fk = 2\/ p Ale

LD, D 3 k>2/i27e b e B NEL B I LICERL L 5 (o
PIIEIRE 2). ZoFInbbhd & SI—C fL BEROVAH VD TR
Le L7z &, DULThBE 08T, LT3R 00BEIIR 7
& 512(5.105) TR O MLER

Fr—wpt = kx-—wkt‘*'(k'_k)[x— <%’i> kt]

EHEPTHZLNTES. £57 3L (5.105) i
wzx,t) = exp[i(kx—wkt)]j:wdk/fk,_k exp[i(F —k)Yx—cpt)]

= exp[i(kr —wpt) 1L —cit) (5.106)
LB, TNEPERAREE o THEZE2BEL TV S,
572V OBFE L ERRIC, MIHEEREAHFEE L Y RECKOEHPROPH TIL,
BN S IIRPBE AR b N TRBTHL TR, FEERARTIBETHY, F
D& S BETRFELILREREEROFIZL & E  THITT 5.
7235 (5.105) DTl T e DEROEE TERT &, BHHROFLEREL & L ItE
LT 2 (—RICIZIEND) Z e 2ERLTEZ .

M B

1. HE1lm & 10m OFCKOKREWOHBEE 2R Xk
2. flz) A
1 (—a=zzx=<a)
flz) = {
0 (|x[>a)

EEZLBNT 2 LE, 7—) BEERD L.

fEREDRN

KD &) LBEDFRELSNAS TR EFND L &,
KENA TOREDBIZIIEBENAIELS ., Ak
IZKNDEEORBIZHLEENNEIIL (., RAEDHE
ICIREBRADZ LD E L8 MENILHB L,
SEEFEOFNICERE S, -EBEHIRbLNS.,
FTHMENE L EABRNTHIN EHARL .
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61 #EMED

Ledbefiithed, AEOEE L bR WEREHEBEIZTZ5bDTH
HeEx. LaLRno L 5IEEIEROFEE THEITT 5 L EICEHED
TR RT. 2RO FAT S RORIITE R D > T—F % b 2 HE T E £
T&, TRIRK6-10 LS RERERT A, Z0& X IEHETELS IR

BT 5 (6-2f5). MV DD AHHPEED LI RERTIEIIONEE {12k X o,

EOFIZTEME TN L TB L E, TOREEFL TH IR HAAM
MEDOHELELT D, LI L, HEOHTEZTH LOBOYKRET
DHWEEFIETH5LTHH (L TEOH) ERIFL TV HITE G, Z0
& 5 7o kEE S (viscous force) Alid 7o B> < MEE % KM (viscosity) & WUy, R A
B DU & FEE R (viscous fluid) & X &,

V e——p

— Bé-1 FToRxEE

’ L, LoRzENT L,
Mz & Fhiiss
7 BT 5.

FTEMAE L ITNAD > THWMEEROBNITIZEFT L AI B iR
BThotz, TNTREMESZIESI L TELDZDHEA S50, [EOBEEGIZZD
FREEZEZ TALS. LOflOLShinor &, M620 k5 ICBETIE

=2

WOMNEERL2ICERT S L, MHFETILEL -HETEHL T2,

WSR2 L REDO T F R A CIER LA LA ML E B L THY, b

6-1 % L3 il 175

HLOABEHRL L 20MICbb N BFICE2 LR 2E L THAY LT3,
FDEC1IMB 2AADTFO 2 HAOEEDFHEIL 2 7D 1 ~ABSTFO
ENEVDBTILRECTHA S GINATEFHEEZ0OTH S). Lz
T, B2 TELMIEEIZ LTV 24, B LTLIADL 2N LS F
DESRcHHAOEBEL, 215 1~ BLH2EHEIVIKRE V. 232k
ZLFE 10D 22 fMOEEBELAES, 2V 12~ HEIZG[ &5
NeFFLTwde w32 eilisd. [EEHRTEIEENEZZOXA =X A4
Lo THBEICRD DD ThH 5. FHBEEOREREETIFFREIO LI
HHOFRCIL D, T2 TRI5 LTHL 2HEARERNE Xy — L TR S
EEDEIWEDOATHHEAE IMECERL & 5.

He6-2 BEELTC2RBOEZOED
HEBEORLV LY.

z AAOHN v ) b B e &, 8UIEEH M I T dedy 2@ L TED
MAELTORBIZRIETHEEZEEL L 5. FAHIECEETMN, Tbbzk
FITH o/, TAL Rz HHONERT S (X 6-3). EHEERICZ DR
L EDOEREZLLEIT 2405

F,.dxdy
LEDLES, F, 3 I BEABNERICI D 2 HAOHTH S, =
— P VR ZDNBFEOEED AL, Tiobb 0v,/oz ZHHIT B L EZ -,
Tihbb
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For e 222 6.1)

TOEBEFICEN L EnDEZTOLEHARTH S, ~RERANTREALIZ
HENAE S THEAIE LA E, ETOREDOTNYARETN
IEFENZETEREAIRECE VS T LIIhin o TV D,

z

B 6-3

22— FYOEEG DE—BOTNOBEHIEL X 5. £ 758 LICHF
PZHY (isotropic), TiabbiFENOWE & LTI EDFTELRERIA gL\
5rreEzsl, MEHLEEDO TR L OBRIZNAEOFTEIAELTD
BT THB., Wbz D BEEE 2 &0z E F,,x0v,/0z 143, To
zAE Fyyoc0v, /01278 %, LIcAi»T

Ov,
Fik =7 a;)k (6. 2)

rEFTELEE3THD. BELEIL 1,20 ENTH L. 9 2EEBIER.
B LT ZOBRELCTHS 50 Ml IHE O ER O M HENEYE
B - Bz b BT ThH EVOMECBERARIILL K\ EEL
LT Tiesnt—Haiinsibdss, 35 122ke LTOMRE, b
LAWK EEESD 5. AHOBFELICE 5, zEEEE#SCL TAEE QT

BRI L T 5 & E0HERIL
v=(—-0Ry,2z,0) (6.3)

6-1 %% L3 il 177
Thad. ZOEEG.DITEBE zy Ry
Foy = =R
EIs > THMETNA R 7eH KT LT >TLES. LAaR-TE. DM
KRELTELVWEEZLTUWRVOTHS, (6.3)0FEER TIX dv,/0y=—20,
0,10z =0 Th BM b

Jv, , Ovy
5y oz

LWAETHhNT 0z D, FN T

Fu=of 32 32)
ERELTALS. EBOEHD T ORIKEIERICH L T
Ov;/0x, = —0v,/0x;

ThHhainb @B, 6.4)0WEARLAIERERE IV 02725

M IORGEONELVWET L, BOCHTFOBEsCriicEEH
B 2 HED BB VT B Ll b, WOBEY A& L, E
OWEHEE v TE A L& EOF N (3-7 Hi)

v, =vzlh, v,=0, v,=0 (6.5)

Thdhb,

F6-4 FBEORIZHEEELZSL. ZOBEL TOK oy
BEEL, LOWEEE v TEMT. . '

IF_zx=n (@ v_z/0 x+09d v_x/0 z)

Fxz=n @ v x/0 z+0 v z/d x)=n (Wh) |+ - 52


masahiroyamamoto
テキストボックス
F_xz = η(∂v_x /∂z + ∂v_z /∂x) = η(v/h)
F_zx = η(∂v_z /∂x + ∂v_x /∂z)
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F,.=F,; =yv/h 6.6)

Thd., Lich-> TRIEFBOVLTFEEH6-40 L 512858, 26 L il
FEEITEICIRANO L IIZFLCREZIDO NGB 2Ll d. EE £
5T Tt bz, EOIZz FHO Mz, FTOMZ @nicvi 3
Z) —x FEOHNENL 2T T, Biemaizl e efsmy 2L
TLES. AIYFEERCEOIZEETOHRIIZ e FAO Az Tz nidiie
Bz, HEATHEOLEAEmEEND G, FEROFOERIZH, ThnEY
FEERWESID, IO LS00 Tw23TTH 5,

6. ORBELETDE, Fop, Fo, WS EICEEICIEZSH S HD 0T L,
ULind Fo s EEEUEBIREED > T2, ZhidEnLvoTiivhe
WCOERIAT AL L, Lo LEZEEII Db NABTIZEALDLDT
hHHrZEemNTiZiEbi, EOFIT4H° RIELEBER T, 228 - ThE
5 (xz BT TEZANERGTTH B) ¢

I= 71— (x+2), &= ﬁ(—x+z)
HELNZ P THAMALRALEME TS
vs = Jp(vtv),  vi= p(—vte)

Lz oTO.5) B RAT DL vs=—v;=v2/v 2h, 2% T, TEDLT &

- = 2 V(g4
Vi = Vi = 2h<x+z>
&b, Liepio TH L CEIEGR TR
v v . —
Fx_i_n77 Fzz—_"]z', Fiz_’Fz.z 0 (67>

ThY, TAERBEFOLA -7y, 2F VEICEERT LARbNE.
LA L 2SR S N2~ EBETH 2. 65D & 51, Fuid 2537
SATOERINIIEESLSATHBA, T 2AELLLNOENDOET T
Ho DORILAEERZEZDEL, TOKRE I

-1 K h 179

THDH. FABLTE. DD Fz: 38BN 5D, FHE b -T Fa & Fi; &3
HERENTHBZLIZEEL LS.

N

Ny
3
=
Y

X 6-5

Mtk oK (6. 4012, FE, MELVHEOHECELVRTH T, BEED
BRAZAL2 D 5 & FICFCBRT AT b 5. MR iREEROK
BAENT2EE e divoic el T 5205 G-3F 0 FIE 1 &R), Z0EIz
Udivo)d V3B TEXHNS. (6. OD L BB LFEKTH 2. L
MU T T VAR O T NIIZSER R 205, KiEH & L T (6.4)
PRI EEZHZLIZT .

KM% & DRE p IHHEED 2 IIEHAKE T h, BEromikic
S>TRILBER LD, 5 DEAE MKS Btk Tid Nos/m?, CGS ¥ifiik T
dyn-s/cm?® TR 7 X (poise, P) & L iEN3 (1 K7 X=0.1N-s/m?. RO TH
MBESIZ, nDOhbYIz

v=1/p
EVCSEREEAT S LENTHD. vIBIRMREIENDZ LD B, v
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M v {1076 m?/s) 7 (1073 N-s/m?)

7245(0°C) 13.22 0.0171
(20°C) 15.01 0.0181

K FE (20°C) 105.0 0.0088

K (0°C) 1.792 1.79
(20°C) 1.004 1.00

7Yy v | 1183 1495

DHEATII mYs THDHCCS Titem?s TR F—27 R LEN D). B6-1I1T W
AWBIETEORMENLE L2 ThH D,

M =

1. ERO#EHOT LY ORWEEERIZN L T6. 92101075 T 2R

62 FH 4 I-R b= 2FEX

WA D B EMEOEMFRERNTH 241 7 —0 FRENHESDOIEAZ D
b B, 4 dx, dy, dx OB FIEOBMIIERCE S B, To&HE
IS HIET TR FIOEHNTH S, ezl eRkKOTHES

[Fo(x+dx,y,2)—F.(x,y, 2)]dydz
+[F,(x,y+dy,z)—F,(x,y,2)]dxdz
+[F .z, y, 2 +dz)— Fo.x,y, 2)]dxdy

_(8F,. OF., aﬁgz} _ 0F.
:{ or T oy TTar 4V =55, 4V

IOETERZ P TrDEBEOREY x, v, 2 2FbT e E 2, 2 EL. Tk, &
BoOFDL 31z, BLERFEENTZKL-THRHLONB L EIWZWE k=2, y, 21T DO\
THIR E B ERERT D, Licd » TEEERRRIZEH SO i

aFik _ o <(9'Ui a'l)k> _ < 2 8
dxs  1oxy\Ozs ' Ox/) " Vioit dx,

div v> (6.8)

LD, ZZITREBELVCHEEOEESS T E2EL 5D divo DIFIZAEE T 5.

62 U z-R =7 ZAFER 181
FA4 5 —HEXG. 20N BENEREOTEOEMITHY, AOIZENIC
BB NThot, WEDEA, RICKO RS 9 Vio AR50 b
BT riZls B, Lt » Tk s HERE

o0 )7 (Phpouenty
p{§+(v-V)v} = —VP+9Viv+pf
_— &4 unfihowns
Tho, i zlmoy sz P

6v. ([, 0, 0. 3
P{ at'*<vfax'*vvay’%”zaz>”4

oP 92 02 02
- T ox 7)< ox? + ay* + 0z* >vz+pf1

INAREELVCEEREOES FERTF Y1 -2 b —2 2 HER (Navier-
Stokes Equation) & ki¥h 2., ITFTTInNEES & T3l p Th-72-

v
ot

+(-Vv = —%VP—HVZU-Ff ‘ 6.9

PEMTH S, ZZTrv=y/o GHIEOK VIHAL -BKMRTH 5.
SSHOEBBAEAFHICHTELEHROTN O 7 v v U I1,((3.33) 0 E
B, $ichb FENCEESE Y L CERURBICHNESHER (b5 I Ei
BB LIDNDIET L CIERND, BERAE T Fu 20 b 5. Lz
~T

Hilz = pUV;V; +5ikP— pv< avi avk >

oz o, (6.10)
@3z nERAL, ERoFEREHS5 L, FV -2+ —7 20 5B
Rz s G5 H 5 & 21212 (3.3 DA FIZHEL).

Ktk S0 i - 72 EHB TR (6. 9IS S MEOTMNICITLIE O h &
TEMRNCERAANDH B, FO 1 OEEEAS L EHNLOEHZIALF D
B, TROLLRIIANY—~DERILEL, BROBHEIRIDZ L Th 5.
IDORIZDCTRBHETHBL LS. 151 2BERAR, BRABEEND
EWVWSTAT 4 YOFEAD IRV AL RDIETHD. NANEER
TRFY Y2 LN UTEZLNBLTHE, CERR T VWKL LTV 25
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5, (6.9 B.50) T B

-%+www=-ﬁ%f+®+ww (6.11)

TEIZENTELN, BEADEITISS Y PORICT A LIXTERR.
FOLDIZ38HOr AT 4 YOBEHOHIBHRD L ZAHTITESE-T
LES. LAl TZinnb BERFITR S & 5 HMRED 1 Tiio L
#, RELEEMEZ Y, Bl AaE 03B BERETROTHS.
fEE KM R O E BN, # o AR dive=02F Y4 2-X -7 X
DOHFBERG. VL BETL I TRVES Z L2/ d,. FOICPE L 2 EHED
KHETOEAENETH 24, HEorTFREGRORTLEHRLAY, $5F
R > TRBEINTIEND EVWI3BERE S VELTWS., Lizdi->TH
HEETHRELEFROEERIFELEEZX 2ONRZUTH D, KEIZOVI2D
DORBMEMENELEVCOREBERRT 2EETH . TL2METIHEED
ERAEORAEIAZEL T T A oo 2 b2 BRVCHE S, FhICH UK
TR TOERAEZEIPEREOFEX u L T5L, KET

BREZHE: v=u (6.12)

Tl bz, BIEL Te3HE2RH I b AA T ORETr=0%
5.

ITHALE—DEE RN L SRS W OEBI T XA F
— BT AN X IR EN S, IR VWHEEEL TV AInLEEORILIC
LB STMHEONRBLANF—OEIIELZ LTy, HhOFEFHL I LF
—DEEE (1/2pv? THHMD, ZhoBEELEFENTAL Y. KMy %
Ly, 7Y z-Z =7 20O HEREFES &

2 (1) = - 2 = puf (o L s L P
§<2‘00>_‘ov ot —‘Ovi{ @ V)vi+p ox, e 0x;

YD, LA E L, EBHAOEIR F 2 o THE G dive=
8v,/3x:; =012k s THETIEEFL, 36HiTR L CTELNIRENFE
EEHB LT HE

62 FT4x-RA =7 AFER 183

d/1 a z Ov;
§<7pvz> = —m{vk%%—ka—viFik}— 8; Fik (6 13)

LA (EED. TG 3NICHBL TV EERWTE L LTy % 2
B e DEALIZE X 72 T L), Bl L 2MEARbNTV S, b L
BHROEALTNE { ) OFRIRXALF—OHRNOEETH Y, (6.13)i3{F
FRHIOEE LT3, BHOEE Fu0BERAT 2L

_ avi<8vi+8vk> _ 1 <8vi+8vk><8'vi+8vk>
O 5z, \ oz, T 0x:) 2P\ 0z, " 0z, )\ oz ' O

LEERBEND., ZOHEHIEENZIAMNO LI NF—DBEYE2 H5H
T, ERSOEE LTV 20 bEERy ZATENETHT IR By,
IRANF—DNZRHEBLRT T30, 6.1HReIHHH4E Vichi:
STHSLES. E53 T2 RBOBERIFVRAOEHIZ LT VEAZLE
BLOZOLMIHIPEREOLIREE Y L725:

2
4 [ Lovav= [[oc " topviFalas,
v N

a'Ui
- f S Fuav 6.14)

(S HHERE THNERRLGLD v=u@ IPHEREOFERE) Tl il
Bigv) T2 TRIERE VO DRE L HIEATICE 5 Fric & 5. KEK
FDILMOEIEE, WEIEO I OTHREET 152 2L Uik ERY
ENTAHREMEBMSLVDOIRIAF—THY, HAOKERTEIED LT
BEMEIZ k> TR BR T A BRSO3 LF—Th b, ZhHOEK
M TEAFIOZZTHSLMIL X 5. FEOKRMTEROREND 50 Lk
FROMNIT—RICTHBBE T, =¥y ro—ofmz b5, Lh
LZZTiRE & 2REZEINEL, HFOBEIEDLLAEVLD LT .

M &

1. (6. 13) #3FEHE &.
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184 6 MiHFtoFEN

6-3 EWROHELH

MEIREO EHERO s/ CHBICERVIES 2 LD TE 4% 223 2HY k
FE5. 2nSoFTERY HGCAERIC 283, RIEOSM¥ i E 2
BF g -2 =7 ZFBRROIFEREE @ Vo B2 2L ThH .

1) FAROBOFIN

oy BIC A RERICAEVCIRA 2=0 & 2=hZH Y, TOBICHEMERE S B
B, WHNREZTH 2 M ET S 1 v=(0;0,0).

a) LOBAEEE ThE6-1EHTELRFITH B4, F7 1 1-2
F—27 2D FRAELM L VISR L TR LS. BREGR

v, =0 (2=0), v,=u (z=h) (6.15)
ThbH. BEOBREND v L2 ITIKIFET 5. Lichi- TE o FEAR

BEWNI AT S 15 Bv,(2)/0x=0), 77 1 x-Z+b— 7 ZDOFERIL, vA
B LS F (EEREEZELZ TV ), 720 Vo=v,0v,()/0x=0Th Y,
FEADL LB, AL

2 dP
va;:; =0 (x o), 2 = 0 (= B5T) (6.16)

LR (Y HEETXTA—RHETHBHE LT 505, DIFxzETER D).

R LEHR SRV E L, LEA->TEAI—ETHY, F5EREH 6.
15) &t EOROEE LT, T TI6-1H T -7 458 (6.5) vo=uz/h 28
B/BoHns.
OB COLEE ¢ TEIATIZWEEREE L il bz, b
SEMEHEEMERDH2Y
F,, = n0v,/0z = nyu/h
OREITHD(6.60REBR). LA THELMEE I BERE D 72 ¥ BAL
55
W = qputlh

6-3 EH IO E I f 185
Thd Zhdbr 5L 6 OREMYOEIEALELNZETHS. £
72 (6. 14) DEGREDO K & XITHEAEEH 720 ovet/h2 i H L IRE L. T2
b I NETOBNEERO e TRET 5.
b) EAECLBMN LETORAEEINTV5LE, —EDOREDH
hpseT 5. BREMHE, ZAYR

v,(0) = v,(h) =0 (6.17)
LB, KMNCHMT AEIEND o TR N TV 205, EHde
OHEBTHSD., Licti>TH Tt T-R b—7 20O HERZ

dw, 10P _, 9P _

Y d2 T oex O Bz
LB, F2ORMS PR oBBTHLZ tbaY, B105ERD
BIEZZIZES RV GEESE 2 FEICEEIL L) b, dPldx \2ERD
BTYTha L -TEIORIBEIERE C,C LT5E
, - L dP
T 2vp dx
LRy END. BREEG. 1) b C'=0, C=—(h/2v)dPldx L EE Y, iR
Fs

0 (6.18)

22+ Cz+C’

1 dP

EWSizin D, EHORE dPldx IREIZE - TED BN S, y Iz 8
NESOWEEZEL CHABMICHNREOEER J T 5L

r h® dP
J—Pfo Vedz = —on

Thoahbd, R
dP _ 12
dx h?
EVHERMBLND. hER660D X3 tkhd. —FROFNEESDIC
BT HRENESAREERICHGIL, MEO 3 FCHLBIT 2 2 &, EEEIIM
TZEbRCZEICEREL LS.

6J
J, vy,= W(h—z)z (6. 20)
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Reé-6 EHzZLZHEN E
TORIIEELTH 5.

Gi) 1 FOBhOFEN

WED D) LFALEEOBETH 54, ZAXEEReDEV I TOoHD
EHEREEZ D, 4 70l zBice v, FEEELES &, MEOMWEH
LRSI 2oy v. 230 H 0, Lid rZ00BKThs. Lol HE,
JESIAE dPldz \3—EThH Hhb, 774 T-Z +—27 ZFER0 2 oy

2
(gl d), Lap_
o dz

dr®  r dr
L7 %, BWREME v.()=0 B X T R

1 dP
v,(r) = — dov dz at—r?) (6.21)

Thod HEELJLTHL

dP 8vJ
&= (6.22)

LD, ZORNIANA—F VK7 X4 abiin (Hagen-Poiseuille’s flow) & &
s, SR 19RO REZ S, BV EROKKOER LI 20\,
FEAZENFRICHHIL, BOLEO ARICHREIT S 2 & 2 BHIL 7.

Rl6-7 4 F0hankFfhsiik. 2 >OMHEARM
DOERYEUEXIZE , TEZS.

6-3 FEWHOME L H 187
N=FV-RT7 XA ARKOBF LI ANF—DORFEFHANT A LS. 47
DEMNEIOLNMIHHTEICH L TOE.10%HTEH L 5 @6-7). B0
EXRHTHENH0TH 2. AUOKREHESID S b4 7OREBIZDOI 285
i, WATHABIELTVA050TH5,. 2200MENAS OEEIEHOIE
InbL s BUESHIVOENEIFE—~ETH 50 b dP/d 2% L <
v A ITE BV D, (6.21,22)% (6. 14)IZRAT B &

1 (dP\, (%, __ﬁi'i(ﬁ)z
fgkadS”_ 4pu<dz> an; (@*—rirdr = 8ov \ dz

Litd, —F(6.14) D EBOEHRIE

(B 4V = el Y [ (42
pvf( 3r>dv_ pv 2”<2pu d2>'/;rrdr— 8ov \ dz

ER AT IDNIULMIED LT B ERbMA. EREIZIZ 4 7O

0.7+
0.6
0.5
% 041
<
= 0.3k

02|

0.1

1

1 1 !

H 1

O 1 1 1 L 1
0 25 50 75 100 125 3.0 3.2 3.4 3.6 3.8 4.0
aV/v logyo{aV/v)

(a) (b)

Bé8 KR7X42MOKE. (Q)FFEScm OFIRED K EHMER LIF—
7. (b)EE 126,071,036 cm D54 FHhEKFS IR ET L TELEF—7.
HEHZBENERL VORI E o V2 Th, . #EizaV (L1 L
6-8HiSH). ERIVThHIZI I TROAHERBAIZL S,
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188 6 HHMEOH R
WTHAZ AP 2 > THEEHTOTH 2N, 4 FOREXELE T35
(L3 a TN THROYARE WO T 2), dP=LdP/dz T % H
B, BRRHY J(kg/s) 220 OHME EF T 0 Fd N 5 HEE —(/p)-
LdPldzTh 5. (6.22)%5 &

. 2
S =)
INEH 3 ELDOBREDSLDENRD > T 5.

X 6-8 13,34 7O IR b  BifiERD 72 ¥ DS f=—~(dP/dz)al2) &£ F
BOHE V=Jlpza® & DEFRE BB EED 4 FhoK, 2%, BOWR
NTHE LR T, 6.22%FBEHELARN ffoVi=8/aV e, Viib ity k
ELRCEZIZEIL—EKLTE. VAKREL o EDEIIZOWTIT \
6-9HITHND Z LIZT 5. ft%%;pviz FhV -~

J !
A = = —_—
= 4?,1. PR G* a

1. AREOHED a) DBREFIZOWT, 6. IR TRDL I NS I RAF DRI L RE.
2. BX1lm, ¥E1mmOEFED 17 T2 00KEREAIS. KEDEZH50cm
DEEDFEOHROLTOFE LTREERD L.

64 BHOEhbLOEZTWWTEhER -0 2ER L
DK E IO L S ITED IS hDIROES 2 E X TAh LS., ik
CHABLEROEEANE S TLRELNTI SESRITNE RS, FROMEE
WHETNE T LV OTEOEEDL NS D, REDEZEOEHZEZ S L
EEMNIERTET, FR2EAES LT 2T hbOES LMD
DEVCTEENEDHND. X FBECOLTHRY ST NEBNETY
e, WEICEELH D, EEHERL

d’z dz

dt
Lied, ZIZTHENE2EHOBEINIEBICHFTSE L, L ANKET

-4 BOETHLYVOBEHAL R F— 7 RIEH 189

NI T CEBEALEHONVE VIS TE F 5 —F4EE dz/dt=—mg/A T
HHT 5L 5125,
TNOFEESANSCEF T 4 -2 b =7 ZFBRT 0 IZ2 T 2RO 1B
Ho-VWwIEBETES., IOICERNREBEICT 5L 21212 0v/0t=0Th 5.
ZOBFITX RN L 512 v -2 b —7 R FERX 6. )T ERE I
b KEHEME AT ECoR e ks (T ha b3 =0ET
%)

—%VP+va:0 (6.23)

TR ZwE L Tua05, FEBIZ
dive =0 (6. 24)
ERE LT IuTebiv, Lo T(6.23,24) 230 & PRE® % FER e
5%, BEANEERT 2ELIR P -7 2R E LiEn 5.
::Tﬁﬁf%#ﬁﬁ@tmnﬁﬁﬁibfvét%,%@ib@cf%é
WX P =7 ZRLTRO & 5. TBLHHEOBEORE LRAE R 4-3HTHh-
7. RETHEOBEOHERFHIRORE THEE v OFEBRIH 0 THIE &

E6-9 —BEDISHZELEL T
LD EDLY OHN.
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Motztt, TAEIZE I > To=0ThiFThilid v, FEE2Rod
2B VohfE z§Hice 5 5 (X 6-9).

—fRIZ (6. 23) DEHRADFHEERE L DL, (6.20)D7dIz

V2P =0 (6.25)

TiriThdisbiswv, ThbbERO FRKCESITNEr 2 VHTEHB R
ST 5 AHBROMTRTINERS R, Bab RSN 25 TRIEAR
—EBIZRBITTHHND, rebBITRELSEZBRFEINT V. A-2HT
HIck ST T RAFBERE AL, rooo TFITL HRIX
ar:‘

Pr) = Pot—+ %04

14,1 ThbH. F2HELEDZ &, REFEOFEHRERIZE » T, EEH O
WNPHELDHZ L0 0 c=0ThRITERb\. FZTEHEELT

P(r) = Py+apy ‘:3"
EVOSERERELLS. ZOEHEIL cos/r iz B, M6-9i2RL 70 &
SITKEMENTH L TN e 2 VA TADIC I NABIC kT 5. ald
HETEDLERTHY, ov 2R ED DM TORLMBIZT 240 T

H5. (6.26)% (6. 23)IcfCAT B &,

(6. 26)

Vio, = —a VL
Vip, = 3yz
v, = —aV o 6.27)

32 1
Vz'v, = “—(lV< 5 —“—3>

r

NELND, ROBMEIZOFEREL L, FBEA0(6.20)Th B X 5/
HEEBLRHT - ThH2, 22 TRCWERVEL 5225 (@81 :
b

T3y

v=V@ +§§+W¢w<“+%> (6.28)

272
ZIZTCHOIEBERTH 5. BRECHEESZRETOEME, ThbLLEROEE
Erollicl®, Irl=ro kB L v=0ThTuIisb it (6.28) Tr=r,

64 HDELVOBEWHNAER b —7 2K 191
Lz, rOFRAZERETHLING, v=02L7237-DIT3E 1HEE 2]
BRENTNOTRITNERD R, T b ERIE a=—3r/2, b=3r4 &
%0, R >FEFEBIL

3 . 3
v= V<1_ﬂ_%>_iﬂ_:)l<ﬁ_f_oa> (6.29)

Lits.

SERTRO L EOEBEE (4.2 LD &, YrilHBIT 221D 5 0 23k
EIBVTHY, BADHHZLORERESITEATYS, BERR6-9IC
RLIEICEROTDLY LA ZT B 2). EFNE(6.26) Ta=—38r2 &
BT, OB AL KEADEL, EAAORICEICERICIE:
BRZEBEZIIAND L, RE EOWERESY

r 3
F,= ¢%{a—7mmvg> (6.30)

Ir|=rg

THEXBND, (6.30)TOThVDIXzilS, 20 VO FEORS T,
F, = 2rpvr,V (6.31)

Lins.

HRIWEARLG TRAEEAD LB ZLEENTE b kv, (6.49)D

Fy 2 b8 BEABUERCIZHL IFAOATHH 2B HZ 5.

HREOBEBIE r/r (r=ro) Th B, FRITIZAS SEMAHO i i

Fu=~[ as{F.Z+F,L+F.2] (6.32)

Iri=ro

TEz2LNS. BEOWELS F, 330 20 LakwiitTth 5. FFH
6.)I26.29) % RALTEHET % & (E3),

F, = dzpvr,V (6. 33)
HEBHh, 6.3)hbETHORZIT BT
F =F,+F, = 6rpvr,V (6. 34)

s, iU A b —2 2P (Stokes’ resistance) & L iXi 5.
ik LT\ 2RI R A R AR V TEI TV B & X ORI, (6. 29)
S VEITEI . F0OLEOTFHMIEINT6-10D L 52785, (D - R
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S=——

<<<<<

=

K 6-10 #ik LT 255 h 28
(= N FoX/NDY: 3% 108k -8

BWFEEFETING, TEMED & EOFREK 45 LIZELL B >TV 5,

EOREIIEENILERT 2ELUTEON D TH 5. (0-Vv A kiMSH
WO IZHNTEETE 200121, WEDEE

Vro € vV/re?
Tibb

V &L y/r, (6. 35)

ThRINERL (T 6-8HITEHREIND LA/ L XEMNL L v /X
EWVISELTH D). 20°0COKDEE v=1.0X10"°m*sTHB1b, PR r=
1mm DEFRTH I

V<10 (mm/s)
ThveWEDORPIEATERV-[EE 4. 6-98THND & 512, FEMN
RELAEDEFNIE KBRS BHEERT 2 EELTH S,

M &

1. 629 0FEFRA divo=0FIV(6.27) 2Ah7cT Z L LMD L.

6-5 FHOEBENIZ X HHN 193

2. (6.29)7 51 w=rotv #3K¥ L.

3. (6.30)FLVG6.3NERDL.

4. A} =7 ZEHOR (6. 30) AT, FF0.02 mm DKiEH 20°C DLEKH %2 F
TooFELRD L. BERIR =7 ZELEES L b FBELEVM?

6-5 FROEEFICL BN

VCEETHRASREMICI O R VCEEMEBRE L TE o, JOE CIIRHE
LD dHBMND » L BB E L0 BT L 5. 6-3EH TIEA —FHEE T
BHSIBEREA LI, AL 2=0120 22 2 H NI BB o © 3R
Bl Tw2eE, TRIZELTC2MREAEAES T 02T~ %,
HEO - DFEEIE >00ZH L 5O T2 (EDRIE 2= it b2 L L 3
(% 6-11). RIFFMFREZ L CT20n0 2 0HF X

U(t) = Use ‘et
LB, FHEBRISIETOENTEEBT 210 E20FEE T2l y Lk,
Lnd 2z t ZTOBKTH B 1 v=(v.(2,0,0,0). BEREHIROE 2=0T
v,(0,t) = Upeiet (6. 36)
FLWz=0c0 Tu,loo,)=0Th 5.
Wbt TaE, 774 2-2F— 7 ZHERXZ0EE

Jv, 0%,

ot Y oz

(6.37)

<>
w

R6-11 HHK o THMEHL TR
O EICHERENAEL T 5.
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