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TEH R b SRR DR PSR L R A AT Y T g 4 R

REHE o PP 0, 5 (1. 3. 3) AT A X

u = r,,f(i_‘;: (1.3.4)
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WAmmE. FMKEERRETHAERINME S  SHAEHWTERER du,/dy Z
MEMEHEXR IBAT S RENEH XK, ERFHRENFTHTE,

h T AR R, 20 1 S sh e, K R 09— B R R ME X T R ER R RiE
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0, 20 0.020 3 H,50, 25 19. 150
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I8 B X e K i o R R . WO BE BRI T Rl SO RS B R b
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e KRR TR XRATLUATERNSBAAEITMEERS .
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FOAR(LATESETRENERABERTHE. Wik 2 000K LI Eot 8K a~1/2;{K RN
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kg | w2107/ (Pa-s) pe ¥ 10°/(Pu + ) 8 /K
zH 17.09 13.20 11
a4 19. 20 13. 40 125
A 16. 60 13,30 104
== B. %0 93. 50 71
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“H ik 13. 80 &. OB 254
—HAibE | 11.68 3.97 306
kA |893 11, 12 ' 961
.43 @R

(1) 364 SRk A 2 ,

T EHFEEEREFTEEEEETE, SEMER Y ESERE. ¥ TSR
I v SR E R desdy RERER, ENZRBXRTUS A

du,

e ﬂd—y
A REFSEE T AR R RURE, BURE o FRIES -
R B R ,E R YA 7, B, BB R du, /dy
(BHBERE) M. XREFWAESEMEENEER S,

N T, IR A o P A dusdy (B BER BE )
F A bR AEE WM 18 B, SRR 1,5 dusdy X RE
Rl A EE. W REY v, 5 du,sdy B R ol 4R
FRBAFAMEEL, FERRANMERE F L8 PEHT
B 0 P TR A 5 4 P 0 5 OO A 5 S o A A L B o S £
f 7,5 du /dy R R L,

(2) MM

M FAE MR r, 55 du/dy X R . BHIFSBRAR
BT ARET. ENTEAYNUTEREEN, SFFHRERERERUZLERANE

T (1.4.9)
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R o STVER du,/dy BEREER, B

T, = M

nb da

du, " du,
dy

du, (1.4, 10)
dy

M EARRBOEIRRE R
_ 5 = m{%‘_)" (1.4.11)

BEh &M mBRBERN AEAN - /n ; TREE - HFNRDITHEI. n 51 HRE
REMAENAESFERERDTAORERE., Yo m-p AFERERBE N
Bk, Mn <l B, XHHERDEBERE. SURLS TRELBBUER K. LR
FTTHIEEn=0.15~0.6, Hn>1 B XEFREHRNEEE(FBE) KE, miES EEAN
BT (b A S BF WS . X T U R SRR BB AE A

(31pheEfE(RNE )Mk

FEREHRSRAMEMBEALCEENER. XXBEN 7.5 du /M XER

(1.4.12)

T“_ > Tas T'r: = Hg d}' t Ty

AW r B F IS, A RS, M HIEN R ATHES(+), 7, AN R fIARS
(=)o SO 12)XWFRKRSHBERE, L BN BEHE, BR HSAh—-L£Ras
PREEIR T, MBNRESRT AR MDA T o RiERfs: SN —H
it o AT I FEBHAEN . DRBERNEEEBIEEN o FRESEN LR
WORL AT MR RORE o, (1.4 12) AR B 7 80, h

To =3|:.5% (1.4.13)

o =u.m[¢(% +E)] (1.4.14)
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HIREFERENEESRADABHFH FIREE. ERESEX SFESFORE, X
BUAT L5300 S A G S A T AR R A . BRORS 38 O A A G B R4 R P B e B
WEMERERRAA R, LA P I EERNERAA LA X, R ERE K. K
e o B O AT OB T R, D AR B RS ERERIAY 4 A ok, LSRRI ) B R A K
HEE PETE R X 0 R E R I ST . TE—E V)RR, Y N A7 B () 08 ) A5 40K 6 £ O 4
5 25 M AL M, 0l 5 70 15 Sy R 1 38 A A R O A O MRS IR 1K L I WK

L5 HEFEHESRAF

MR RS, MR R ABEER L Y RED p, R RBE T, ER Y HHA
MR EMETRANEAR(MNEMREFERNEF —E BRAEF _ER),

MEREARAFEEMAFECR BF A0 B0 AF0. 80, WRELTHLTFER
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B HkmHHERE

B E-REOBANDEP,BECFE R, WEARMBE MR RGAEN T T & H8
R MRS, REE A TR L HRE . RITGIEEERA AR 5% TR, 58635 fol i AT
HRREGTEREAA,

1.5.1 REHFHRET

NMRREETFHEOELEAKTHRATFHOER, AHFRABNFRIERIERT
HE. —TEAEREEMNESSIBRERAME#HT W, REFMS R LIKEHH
&, M E T EEAEANRD, RS IRHR IR NENTE IR, DRREBKTANE,
BEMNFHET 7 EEHMEE, WARTHE LR, ARFR R EETHEFRIRIR 0]
FiE AEdRRR—-ERkNE.

B EFR R AL T MR A AV S R, R TS0 4k TR wRE My HRE
FEA RSN RERE ML T RRRENEORE, AT BREY X T ¥ (&R S5
F i 4R 5 i 5538 (P BB Rl Aok =) B (oL e 1

(LA RE—ER

mAEH—EREN Y TERAAREE CIBRPHEARKH ARG T RAMFERS
TS5 RE G Z M, MAOPE - E@RE /K

8Q = dE + pdV (1.5.1)
A, 50 B f 25 B 0 TR B AR 0 B A R dE R AT R YRR R B pdV RFERAER YV
B R 3 SRRy p TH

2RI EE_ER
B AR IR T T L R R H R, B T AR
oSS 16 5 ) B
(3) 8
{5 TSR AL o, R R B AR I AR R BB R
%o
T
iSRRG RY S o m, B
- 8¢
as = % (1.5.2)

REBW SHAM BAGLB O RE[Y AEASRAFGHREFX. LARTT
mA¥BE-Em REATFIURSERANENE LA, B(L.2)XRAALLDA,8

TdS = dE + pdV (1.5.3)
#AEBEREEG AT ALK, SEBENELARERTAT R IR, (1.5.2)
BH

50
ds = (1.5.4)

HPWSSEATFIELE FEEEMTATEAR., LARA, ETTHEFIE SR
SRR SHRIBOEITBEZ LE, SR TRESEHRAOEL, ETRHFLIES, R

GRS MRS HEZ L, F T RGBS EL.
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s e o ol

(4) Mt in R 2
MBAEE ERTH, - R R EETFEATIRT SRR AT, ALMKEFSH
A, 8

ds =0 (1.5.5)
ERER R R,
1.5.2 Ee#A
P ERASEEAE ICHREMERK SR, TRH
_ i 89
¢ = Imar (1.5.6)
L) WEHR

ERART EEATENACRRCESAR 1CHBREMEREISFLR LLC R
Z, B

c, = }iﬂ[iﬁr)r (1.5.7)
PR A e B R AR R A W
5Q = AE
TR .SELRAIERTH
¢. = im(4%) = (53, (1.5.8)
HP e, En kMR ABRFRFAENSHBERV,

(2) @EELL#A
ZEAHRD EAFTH AN ERSEEARICTHBRABREIFELH,LLC R
2 0

(8
c, = i}ﬂ(ﬁ]ﬁ (1.5.9)
e N
60 = AE + pAY
AR, B
. (AE + pAlVy _ [aE av
c, = gﬂ(—ﬂp) - ﬁ*)}_ +p[a—T]’ (1.5.10)
HEY Php ZFrnkmSUdEPRIFEAENSHRIPET p.
(3)%
Gt N EREIE
i=E+pV (1.5.11)
FHEHEMAIR TR K
_(ai
c, '(ﬁ' (1.5.12)
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B1E HANHERE

,L5.3 HZRWE(Mawell) AAEXRR

N EMEHEAHE
ZMEECEGHEEN FRE,EXLN
F=E-T§ (1.5.13)
(2)EHATEY
HEhHH A ¢ ¥R ELR
G=i-TS O (1.5.14)
H1(1.5.3):, A/ T @4 PR
dE = TdS - pdV (1.5.15)
di = dE + pdV + Vdp = TdS + Vdp {1.5.16)
dF = dE - TdS - 54T = - 5dT - pdV {1.5.17)
dG = di = TdS - 54T = - 5dT + Vdp {1.5.18)

(LS IS REVESESLIR T AARBEAGRE (50 =TdS) , FTAMK F IR,
(1.5.16) X FHES RSB P, R0 R & & ARAR (50 = TdS) , FTREMmM; (1.5.17) X
FUFES R A B P, R R S R AT, F T B M.

(3 REFFERIZRENL

B(15.15) K ST MLH (a5 =0) 4 2) = -p A FEEAEA(T) -1 RR
REST VIR

(EE ;_{ﬂ" (1.5.19)
as! ., avl,
A qd, (1.5 16), (1.5 17)fI(1. 5. 18) AT
g—;) (aﬂ_) (1.5.20)
[ = * (1.5.21)
[a_r =-(_ {1.5.22)

(1.5.19},¢1.5.20) ,(L.5. 20)F(L.5.22) s B 4 M B A NFEXFEN,
1.5.4 ARk Foil eS|k L

WA REORDFEREEN p=p(T,V) AR E=E(T,V) M S=5S(T,V) =¥
B ESRE, LR T VR ER, WREAp(T.V)NFFLR C(T,V) BAWTNRD
FHBONTE E=E(T,V)T48 S=5(T,V) ,afLig p(T,V) R C.(T,V)RiEh k.,

(1) ABER A

B#(1.5.3) (L5 3)M(LS 19, #

T(g‘f‘« - {g_f"L - ¢, (1.5, 23)
¥ 3
7'{:—ir= ';_*;:_}T+p=r(§_;}r (1.5.24)



Rk ¥

(1.5.23)f{L.5.2) LA R MR HERRTELALF
dE = (:_?]¥dr+[%}fr:fzpdﬁ[r(%]v—p]dv (1.5.25)

W ERT S EGETRE dE, = C,dT, EF MBS &, =[] F) -p|NaV,. BA(LS
25) 18 B P e ek R

il

E(T,V) = L%{c,dr+ [T(gg,]r -p]dv} (1.5.26)
(2} A MIER
FF(1.5.23) M (L. 5. 24) A AWM or 2k, 4
ds = (er} daT + [gi] dv = E]_Edr+ [:_?')vdv (1.5.27)
BA(Ls.27) B FER .
S(T,V) = L::u[%dr + [%]de] (1.5.28)

(3) S EE#
BHC, (T, V) ,p(T, VIRIV(T, p) AT LIKB SEHM. 45 dV BB RERH

dS(T,p) = [ ) dr+(as) dp, dV(T.p) = ("”] d'r+(:;" dp
HLLEZSCA(LL5.27) &, ’rﬁ-
T[ dT+ ..._) dp] C,,dT+T[ :*; [ g—;i]rdl"i- g}r#]
J:itﬁ?:lzﬁfﬂﬂﬁ.dii-ﬂ.fﬁi’i%]ﬁq’ﬂ dT, B3

(55) = (55) =7 e =(3 -3,
T /i
=c,¢T(:_; {:_;) (1.5.29)
(4} % B L&
FHFHEBC(T, VIO UHREFERE, B
c.C, + r[:(;i;-g. dv (1.5.30)

LAEA RECE (B VUBHEENSEELR C MM FEMER VAU REF B
p=p(T, VBEH(LSIDXNFHERERRRBEFTLRC,.

(5) ‘" EWE
MRS EIREFE pV=RT, T LI% H
apy _ R &
(ﬁ]r'F’ {a_ifg,'u (1.5.31)
FOLSINEMRA(LS 2, BETLTHNETHFEL AT ER
RT R
c, =C, +??-c +R (1.5.32)
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BIE OREGHEREH

(LS 3)ARA(L5.26) X, BT LW T By BEREN
- RT =
E-IEPdT+I(T-deF-IC,dT (1.5.33)
HIR A Tk
S = IF—;dr + I%dl-" = [C,dInT + RIoV = [C,dInT + (€, - €,)InV  (1.5.34)
F(1.5.35) RAA(L S 1)K, M (1.5, 16) ABB KL SR FRMOERBR

i = J'C,,d:r +pV = jc,dr (1.5.35)
HHTREE 25 ANETSELRCFRSEETHX MEEHE VEx, B
C, =C,(T) (1.5.36)

MPRS AEREAKS SEUR CHEFELR CEMUIH, THMET, (L5
32),(1.5.33)Ri(1.5.35) AW

€,-C, =R (1.5.37)
U=cCrT (1.5.38)
i=¢CT (1.5.39)

i 1.5.34) AR

S =C,InT + (C, - C,)laV = C,InT + c(% ~1)tn =
! (1.5.40)
CylnTV"' + H¥ = {:v|,,,.P: + W
il

Hth y = AR ARNG B R V ST p RS T 101/ =V, (1.5.40)
c,

R E— SR BRAEET n(1/R) .

(6) MKt

e W 4 T FRA AR /1, — ARA 4 W s 9 B 0 L B 1 0 0 B 9
T2 3T PR P35 25 e 2 I — B,

c, =C, =¢C
TR BUR S, E A BT, KRGS RS T ARG AR, TR
7d$ = dE = 6@ = CdT

(7) S ER I F E B R

PRI 5 A B R K R A M s SRR SR TR R
E RV, M N E A

AR ARG TR S = 0, R L U R T RS G R E SO 7R (%

HIMELS R EFEERE, ARHEE. 5 40)XTFLH
%{‘%)z 0 (1.5.41)



Wi ik 12

3 A

L1 s A F ol LR R 81 R

1.2 HMEAERATEERE T, 00 S 00N R AR S8R,

1.3 ABILEEKHANEH#ARTRNSEEN WESN KT TEOENERES
HAE LK, WX WS TS, BB REW

L4 KSR 85 SR R B 8 S 0 ) G S N WO R ), BT B MK SR I R
=P E R RS .

L5 ik LB A B WG 7 BN AE s B Y Bt R e
BHE

1.6 1N 5. 6m f i HE 46 800N, Rif WA MMM EF NN EE. (X€.p=
852kg/m’ ,d =0.852)

1.7 HEEAENRNPFINEFMN A, SERMEM 1MPa if K0 1 000em’; Y ERMME
SMPa Bf 304 998em’, ROKMEBIER . (BH . K=2CPa)

1.8 EEKFREPEFANHTIANETIHTIAE: COM a, =13. 6% ,50,1 a, =
0.4% 0,09 o, =4.2% N, 8 &, =75. 6% ,H,0 {9 o, =6.2% , A RBEHEE. (HK.p=
1. 336kg/m’ )

1.9 HENSOmm MIERR, HAEZEN 19.62N/m’ O RBHETK . (E€.0=
0.25N/m)

110 SfEREPZHES ML EC, WEFR. EMHENER D =0.050 MK
£ I=0.076m 420 E] B ¢ =0.5 x10 *m, RMEHEEY o =200rad/s, MBEW HE M =
L2N « m S AS R Z MR R R, R T, (BR.u=4.02x10"Pa-
s)

L AR T RN u, =y -7, WSRO SIS =8.3 X 10N - v/ar’,

BHR y=0.15m 4bMEINEH. (FFE:r=3.72x10 'N/m’)

112 —PAREE R 5 — EE T4 0. Smm, BIAR (A] 7596 I 1K, B4 N/’ 19 HHHE T F LA
0.25m/s e R h R A EAORE, (BE.u=4x10"Pa:s)

L13 @ESEOCHMENME v, =13.2x10 *n'/s, BH p, = 1. 209kg/m’, RS H
EISOCHMBIRE, (BFE.u=23.62x10"Pa-e)

114 F SOON iS5 &3 [H 5 2F 8 25 30cm, i T 40 35 (6] 3 GRS 0F 69 20, 24 58 1L 600/ min
BEFE BT, S A AT Y 0. 02rad/s’, CLHIBAEEAI K IE K Sem, BN BN 2em, ME S W2 R A
[EIBY % 0.05mm, ERBHEMEE. (FE.u=1.458Pa - s)

115 RMENARE u=0.005N + s/m’ , L H K 0. 85 RILEHAMME, (FE.0 =
5.88 %10 *m’/s)
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¥ 2 ®

Heh RSk AT

2.1 Wi E @ HHHE

Wbk 7 2B IE A0 L 5, R % 0 NAE S M) A B 00 IR BB (B AR R PR, WL LR
hig W% RS RESAEEHSRNENFED LTERENRE. HRHIEHRESE
J N FELAa PRy LR,

2.1.1 REHEXRDH

(1) 3 &6 B 2 3L
19 70 2 fi] F R K B P S S AT i 8 R R R R, AR E RIS ] K R Y RO 4 o
SR H 2 AP K, 2 3 Pk R4 B R R i RS B, ) B S S ] X
S5 P £ 3 26 o 30K 0
ek A B T, 0 152 (6] th ok 3 G2 41 A B O 440 00 B Tl , 6 — e 200 O 06 ol o 1
R mSE S LA RENEEL.
(2 RBR 2
BRI LR RER, WRE EE ENS WS RS .
% CNRTRE. & r BAHSEPEMNER, REESH, NAFESR o fiAnRR
mul kR A .
) @ = glr,t) (2.1.1)
HFERFHPHEL N ERER, WEEH AT RES W AHAFRN S REH .
EHE CNEERE. HRBEYK e BANKBRIETRRA
a = alr,t) {2.1.2)
1 B W 2 A B ERESE, MBS AEE, 2 RN, W
S A% ¢4 B R R T, B R R, I B E R R (B R K R A
HRE(ARER).
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it i 3 2

2.1.2 S AERT

(1) FRBH L 'T
HlmAmRHN/LMERR, ¥ TRES e(r,0) HE—EENA L, S

elr.,) = ¢ (2.1.3)
AP g AHY. BRF e(r.o)F 5 ¢, WHNMHEHZFALm. BR—
@ RAAREM @, A B EGRGPED] —BHOME, ME 2.1 Fim. &
F—%AEL o (AHHE%, —BESUANATFEERRTHARFHH
BEL. FRER o VA TNESUEMZRTMELE . BRI
B2 FRHGSHE HOVNKTE, FREN e HEAARETA, EHSAELEERE
gHe FUMzAAERER R iFREN o TABEA, L2, Bk
i,

(2) X BBHHJLART
FERAEREXERFHONMAET. MTERGalr,t) KB a X/ RER,TTLHFAE

FOLMARRRREKA, ETRBOFE, NERA .

& RERIL IR Emﬁswemwrm—mmﬁ// ——

RER DEBREE - AHTRIT AT - AR P,

FEEA AT 2.2 -
i# dr B KRR R BUEK R 097 2T

RBRWHSHE M2.2 XER

g xdr =0 (2.1.4)

ERAMATEQLILOHEAALTERPRERS
dx dy dz

a(x,y,5) a,{x:r_x} " a,(x,7,1)
He e a0 R EREFETR.
ExBHP R —ExREn Mt Bt EHAMR LT —SEXRSE hxsamn
SEENEREXEAIRRE. RESHERE R RO /N S EE - S8 FE
fla®ayhm. Bk RAXRERT LW EBHHATT 2N ILAHE.,

213 ERESNER
(1) 85
bR o(r,) B ¢ =C BRI 0 b, IARTE, TS 0 00K B RN RE
BoeMBE, RrA

(2.1.5)

ra = ¢

gradg &ﬂJ'l (2.1.6)
BB grade 8771 5 S MOYHR n T4, LA B o WEHE, F/A% n 6 L8
32, |
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FoH MHRAKBRERE

WXL BRGS0 L S s R

Fﬂ%ﬁ#ﬁluﬁﬂﬁl‘ﬂ%ﬁ%ﬁ*ﬂﬁlﬁ]ﬁﬁ cos(n, §) 27T 41 3 , D

%J'E = %Enon(n,lj (2.1.7)
EXTLUHTHR
3¢ = g, * grady (2.1.8)

ds
AP s R o HEHEURE. (201.8)RH HEXE grede EE— s EWBESFiEY
FETERE . BE gade B F R, NSMHHER s O FEEEY o TBBKGFE. 8
ERGREAHNENRE EREEETERS o(r, ) PS8R ARY o BTN,
(2)EERLMALREPHRER

grade = %Si + %;‘!j . %‘ft (2.1.9)
b i g ko Bl .y B s WA 5ok,
WA grede MEXRA
dg = dr - grade {2.1.10)
RZ. %
de =dr-a

0 a 2% grade.
Fa=gradp Ho BREPBri0RESE, WnE—HAMS L easﬁmﬁj;s CrBFER

Z,HARB eI -HARE LOKRBETFTE NER e LAR - HFREN ¢ WBX.
R a=grade HWABES B URMASE FEER e RAGHBENK.

2.1.4 AW (Hamilton) F

ATEHIEPEBITTIT R TE,S|A—PREMSETF
v=iﬂ%+j%+k% (2.1.11)
Mg T, BEENTVRAERSHP T EHENMSR T, CRAATERMM S W
BHERNTS. EEH N SEENTFVAXR -HS55E0W AER B RN BN FEE
W LA R E W T EN,. BEERTFVHN M FRETVAELNE RS E
AU TFREFVELNER R4 ER.
HUEDFEP  FEECHATHREHE FASH AN .
{8 . 8 a _ . . dgp d
??—(:E+;a—j+i5]w-3£+1"§;+if (2.1.12)
ga  da, da

+— ¢ — 2.1.13
rw ( )

dx ay

.4 .4 3
Vea s{i=+j=+k—) (ai k) =
“ (Iﬂ: +Iﬂj+kaz] (a.dtaj+ak)
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iRk 2

F N 4
Vxas|l L 2| (de do, (de
ax dy oz ay dz iz
@, ¥ L}

Ap =V Ve = V' (ii+ji+

ox ay

(0 V)a =((uituj+uk) (i +;a—'; vk 1)) (ai+aj+ak) =

a a a -
(u_-a;-kur—+ulz)(ﬂ,i+ﬂ,f+“,k} =

ay

Yoz Toay T oz

2.1.5 EBFENLR

HMEZHEELNK.

1)grad (@ +4) = grade + grady
2) grad (@t} = ppradys + gramadp
3)gradF () = F'(p)gradg

4) grade(r) =¢'{r)—:-

Sy -4
L(qﬁﬁlﬁ- + gradg + grady ) dV = Lqp %Eds
L{qﬁﬁ.tp + grady - gradg)dV = L,g,%ds
6) A AR

[ (eae - pag)av = [(p %y S8)as

7) | (gradg)’dV = [g gfds,(a.p =0)
8)[ Veds = anpds

Q}L‘F - adV = Ln-ads

10) [V xadV = [n x ads

lI}L(n  V)adV = L(u ~m)adS,u £HIR.
26

), (20
oz ax

k%)' [%‘f- +§';~;i +%"Ei:] -

a

d

I-]k (2.1.14)

(2.1.15)

(2.1.16)



HIE WHEILKE RN

|2}jra.-pdr = Lv - VedV = L%fds = L[n . Ve)ds

IBJLMHV - L(W V )adV = L%as - L.:..- v )ads

HELAR) ~13) A AFRERAA. ERBULATLB)HME
L(A+B) =L(A) +L(B),L(AA) = AL(A)

MEgErpmEmaty
LL{?}::II}" - J;L{u}ds . (2.1.17)
Heb #E L(V) S, of S50 T i 6 R R .

2.2 XRERBHBEMER

TE it ¢ 73 2 7P B8 U (A AS A E 8 v A B, B2 0 B 3 ek O TR o TOF 9 R4 10 AT i
i i B , 3 Pt DO IR R R A N R ) B B R . BR T A A SO FOREAE S iR
FrHAXRARAREMNEEQLHEEEMNA.

ENHERESUNHENEEZN REARE LHEMBEOARE, CEAEEH
UIER BB AR FR oML IR M 2 A SR SR A, B O i E . A REB AT
YR gl R 3 A o R o i ) o £ ; oy A PR A R R A 2 A O R o T L Y Y T, TR L oy
Wi, R TRSHEATN, EHEERL P - NMEmEEN, HNEZMEAEREE a
224 16 IE 000 ) 0 SR ot TR A A, DM R ORIC AN IE BN . X RO T F M T B
Ay o) ot T

221 REREFHME

(1) xR EWAER

EREXBRFalr ) AR—-# S, FHLEAFEBTK S HER—A M, M S {Filii
S AR, WA E A S, G E RN IE N AR R
Hn EREBRAP R AIE M. ¢ fREmE S LEREH
Hiyxg xBaR MO RE,WME 23 TR,

Kita R0 n LagHE R
a, =a-*m = acos(n,x) +acos(n,y) +acos(n,z)
(2.2.1)
X adSKkEe PIEMFTERICR 45 0l #, R B 2.3 el E R
Lunds

oAk o L S pE .

F 2 6 [ dS A5 K0 dS, 05 8 kR AR 07 e vy g Bk i, B

df =dSn

HARKRAS EHALEM EHRE SR
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itk 1F

dScos(n,z) = dydz,dScos{n,y) = dzdx,dScos(n,z} = dxdy
FR. XBaoEHE S HERITLENR

[a.ds =La - wdS = J;a . d§
L[alcnn(n,x) +a,cos(n,y) +a,cos(n,z)]dS = {2.2.2)

L{a,dyd: + a, dzdx + a,dxdy)

L S Rt mEe, AR o B HE S HERRTRR
® = iu“dﬂ (2.2.3)

FHARES u(r,)RiRASRE R E L. WO E P e IE M5 o dh w Tk dS
i i
dQ = u -+ dS
WA S REAME, ERMNMARENENTFLHEE S HERESARBE AR

o=£u-as

PR LHEQO=0K HEFTFHA MRRRE Q>0 MHEFTHA KNBEE S ALHE
P R SRR Q<0 MHPFRA L MEE S ALEHEREHNRR .

(2) % 3 & B9 &) W 1

EXBRFa(r ) AER—E M SEM SHEBY AV, EHEBAVHRERNS. ke
it S EAYEE BB AV, SEBAVE M S EREYE, BHR

a, dS
N
BHBRAE. EXEEARMENSR a BEE, L dive TR, B
sa,dS
diva = j}ﬂ AV ({2.2.4)

MER - TFHERTLFRERANE . CHE—THEH. B dive=0 HXBHHFH X
W R %,

BIMEENAMLFERBEER

BEBEEH aW =14 o, 0, ,a A EE U HF8, A RRESETLIR(2.2.3) K
ik

Sga_d.? :i:a,nus{n,x} + a,cos{n,y) +a,cos({n,z)|d§ =

J’{a_“:+?l‘;+_]dv (2.2.5)
dx dy
AhEESHEE RN A TSN BEPHELA(2.2.5) A MULME R
iads AV - (_+§f;+ﬂ] (2.2.6)
ay dz

Fér Q BR@BEEBR AV S -8 QM. HEARAR2.4)4,%
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F1E RBEAAKBERE

j!}a ds
i = lim £ . = Lim E ﬂ & L2,
diva = L_ﬂ AV EH}[ o p + = . (2.2.7)
LMAVE M AKEN . QE5BESM S84, BRa, 0,0 BEESLFWTH, NG
diva = 2% 8% % o, (2.2.8)
dx ay oz
FAHBER THESERE TFEZA8ER.

(4) AM2HA
B2)AMAQLIIA HFAVAFT N VERITKETLRRERNARTL
A8

Lu_dS = Ldimdl’ (2.2.9)
B EAEHR
Lu-adS:Lv-adr (2.2.10)
(5| EESHERMER
mMEXRae WEENTFE
' diva = 0 (2.2.11)

M#FRHa BELHEH,

KBHH EEEFRTLLRER

EBxRo @l ABEA - HEALHOERERF-HE XEFIAEEXHS TR
Bl a BT MR LA ERHER.

2.2.2 REESHNRE

BRES
EREFa(r, ) RIER—B% L {ERHS

La cdr = J;{a,dx +a,dy + a,dz) (2.2.12)

ERENR R o MR LT LR AL, W $a - dr YRR o WHE L LAY

.
(2) B R IREE » FRBVEE "
BMEREGa(r, ) AN—r. FSEM SBTHR /D3 S
BLaRWTFHEL LE SHEREE, ERWESMESR
FEERTHLNEFEOERG FRERLE, id 2.4 fir.
fExfta sk L WIF R, IFRUMMER S, $HAMK L
EFUFTFM A, KTFRAKL LA SHEABTE. HET S
kR B n U T — B i, T RE 3T ey iR o

a-dr M4 REBiTHEAFTR
rot,@ = lim ; g (2.2.13)

L
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A Ik 2

ReP %R rora BRKEEE R row 78 J7 0 M HE,

(ERABERNRELERPHREN
L Bo. _ 89,
rol,a = o alre
da, da,
1Tl @ = e —
! Az éx
da, da,
retg = — - —
dx ay
J k
rolgd = i i .E_
dx 4y dz
E‘ til-:r III

(4) WFFEE TR

J;n -dr = Lml_a:ds = J;Tutﬂ - d§

(5) EMe B R 1R
MEf X rota =0 WX B H# N LS.

AN AL F 0 BIE RS 0 =gradp RIS, M a LETES, LHHE

rotgradg = 0

R H55% rola =0 LRSS, a &40 HG,

30

2.2.3 EFEBEBRLK

(I EEBRENLR:

Lydivia + &) = diva + divh
2)diviga) = ediva + grade + a
Idiviaxbh) =& - rota —a - roth
4)divgrade = Ay

5)divrota =0

6 ) div( pgrady) = eAd + grade « grady

T)a - V]ﬂ=grad% - a % Tota
RIEREFXENLA:

Blmt{ia@+8) = rote + roth

9)rot( pa) = prota + gradp x @

10)rot{axh) =(b-V)a-{(a+ V)b +adivh - bdiva
11 ) rotgrade =0

12 ) rotrota = graddiva - Aa

(2.2.14)

(2.2.15)

(2.2.16)

(2,2.17)



B2l RBAAKBRRE

2.3 KERTE

WAk H MM MEESEEEEA SRR, VAR RRRSTEITE TS
PER, ¥EEFEAFBENE EXNFENRS SR SRERENERANBH I E
R R K R ERR R ETME R REE. KRR ETUEARFERER
A AR A REGE W AEF S ER RN, £ R R F R RS Pk
Bt RkERAE.

BEEREALEERTEXNKEFRAN ERKR EERHELERTELXORERR
HEkE. AEAEFIRTRANFARBRERRD. FiEHFE P —RFERRAK R MG E
WA TRRE

2.3.1 HREFE

(LR RRTE
fFk— TS e, THRILFITRL,2,3, Ma, Br—1T%R, ThHiHEIaaBE. H
W-fﬁilﬁﬂgﬁI”Iz:-‘?u%&Fm#E%i Fﬂdﬂp Efﬁaﬁiﬂﬂﬂ?ﬂ_ﬂﬁ

r=ix, 4+ jx, +kx, = x (2.3.1)
grad¢=i%+j%+t%=% (2.3.2)
(2) B RIENY
YR ER T rhMER A EhiFEaR N, REREXXTEIEM 1B 3 R, 5D
a*b =ab =ab +ab +ab, (2.3.3)
diva = 7 -u = 2 0 O 08 (2.3.4)
0%, gx, dx, 01,
ia
— . . i
Aa = V'a=V Va = Py {(2.3.5)
{u-?}a:;.:‘% (2.3.6)
{(3) R F AR IE® ( Kroneker) §;
a-u:{n’ %1#;&5} (2.3.7)
L, Xi=jmf
PP IE R A tr A xRy S B R R
€ ¢ =8, (2.1.8)
() RBHFE <, '

1: J:J.1kjam#§rj(m5']23:333.]1334'1 ’?) [2'3'9}

0, ij.khHAEASLL SRR
[-]' L’-"kﬁﬁﬁju(im 313 » Faz1 + F 112 %)
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i bk ¥

ol i
axb = euab, (2.3.10)
a, a; O
A= Gy By Gy | T Epfipdy (2.3.11)
@y oy Oy
da,
ta = P 2.3.12
o Fa &Tj { )
e-8 fAFF
Epbu = aﬁai: - 's_nsh (2.3.13)

2.3.2 ¥EMEX

(1) £IFEHR
FRAERE U ARFER G EEIAE Y, SRR O, 20, NEIKE e, 0,0, FE
PRE Ox' 22", BT R RN &) e, 0, BUKBMELRXRN
e -e =¢ ¢, =8, (2.3.14)
AL RTES A W P
e, = a,€ +ae; ¥ a,e
e’y = @y, +an€; + e, (2.3.15)
ey = oy e, +a,e; + ol
o a,=e, e (i,j=1,23) RFBBHFERFAALERZEGF EKE. (2.3.15) X
kRETRH

e, = aye;, € = o (2.3.16)

g(2.3. 14)£F(2. 3. 16) =, 1%
a0, = 8 (2.3.17)
ayay, = 8, (2.3.1%)

(2} I AITE X
Wil o WREEBEEFER Ox,xx PREF ¢, 5,5) EFLER 02’ 2", PR
R e(x',x',x") . ik e BHPEERRERRNRSHERE, TR
el ,x',x'y) = @lx,,2,,x,) (2.3.19)
(2319 XBMTHBNEL DESENRNBEQ T, AMEA - HFEBT L5870
(&R RA R IR
(3) & MRER
MaFmskl, ke EALTMENHREN 0,0, EHLFH EHBREN o, 0",
a'y. BIALEM LA TREZEFETEMAXE
a'y=a e, =a,a, +a,d, +a,a,
a';=a e, =ayua8, +aya, +aa, (2.3.20)

s —
a y =0 8 S0y 0, Fly 0y fOgady
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B2E MBBIGKRRAE

a;:=ﬂ;ﬂj(ﬁ;=ﬂﬁﬂrﬂ (2.3.21)
(23200 XM TREMNEL BDHE -THALER O, 5=T#8 o, 0,0, , EfHER
(2.3.20) AW AHB—PHMEHRR Ox' 2", 'x, =N o’ 00", M =1 R a,,0,,q,
EXMBEaBFHER., EHENNEAGT AR HREA-TFERTLERNBFLR
7 (B AT FAE R
(4) ZFr&FRHER
RKURMEXTUEX _HEFRER, EXEG-THMLER Os,xx, ALTR p,,
Ef#ET =
Py o= e p, (2.3.22)
EHAF—FHALER O ' BT BT R p EXH—TRPEAZHE
AR, W kR, AR AETRN

Pn Pix Pun
P=ipyl =py =|pu Pu Piﬂ} (2.3.23)
Pa Pn Pa
RppBA_MKEPHTR.
(5)n B3k
HES-THALERASEH TN, A GFERN , XHHETA
Pliigiy, = 0 0 Py {2.3.24)

S, % 3 EE L —1 0 W3k,
| Bn RO LA, M n =0 6f ARG EMHE, BEHMNHRRAE—1H I, 0
Rp=pMERXIPTNKRE— TR,
Y=l b, BH—WEKR. KBNS RE =AW MR P =a,p, WER. X
A—HrEBRRE—RR,
EERERLERD F o kRA TR AT WE2.L2OPHEE . SEDN
n RN THRE UORY,

2.3.3 HEMOHKRENTRMSEN

(1) 33 4%
we =Py, Q= ?l.e,---i_Elﬁ’i" n Bk, E8 - 1THEHALERA,EMH SERZHEET

Rt WR—n BrKE, B
T=P=x(Q
7
bty = ity £ Diyigiy (2.3.25)

EPHOQER—HAERRAHEE MWP=0FEE—HALKREPRIL,P-0=-0RF
.

(2) 32 iy SFR

@P=p,, . RmfNkk.Q=q, RoRkRENUIRRARR . BT

m+n R,
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Wk %

R = PQ
A
Fitgighly—dn = iyt Tz ia {2.3.26}
FTraRka M bMBHE kS, HAH%, 0
ab = apb, (2.3.27)
n TREBERGLUERFREL, n iR P ATUERIFREA, W
P=p,..eese (2.3.28)
n kR SHERARENE - Bk,
(3) 5 MAY o &

Bn KR P=p,,  FERSTHAR RELZRAEN 4 P BHRA -2 F

B n-2E%kQ = Pijigei, g A E P AR,

(4) EETAM

mETHEP MR QMBEEPQ R, ERY—TTHESE —KEBBm+n-285%
B AHEANEBPRQOMAAHICHP Q. HXab UHE.RXRa b AN

a-b=ab, (2.3.29)
ZHrikE P=p M _BrkE Q=q AR _FrkE, i
P-Q =pag. (2.3.30)
“HrkRP=p A "Bk Q=q, _NUWSHE TR pyg,. R P Q
P:Q =pyg, (2.3.31)
TR PR e NARARY
P-.a=p.a, (2.3.32)
EERERR
a-P =ap, (2.3.33)
—RRR T REARSERABTRY.
(5) i ERRIER
SEH— B poyigy R » TR g, A
Pirigigivinin@imin = bigein (2.3.34)
HR m BTl W p, o, B men B TER
EH_ Hp,, HEE~rER.q, A HRE
Proivesiianin = Sigiors izt (2.3.35)
ol men ke Wp,,... 2% m Bk
(6) 3 Mit e B
nftERP=p,, WBEVP R+ Bk, EXHN
VP = gradP = E'?;;p, (2.3.36)
WiEH P, o FXE,n B3R P=p, . HWITH
P, = {ip..,,i...g_]dxk = Piyiges, 4973 (2.3.37)
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BIE RHERARERRRE

Pa——

K dp,, 0 KR dx, RS R, A RRRH RO AREOP=p B ) BK
.

(7)IMpm e
n maﬁt P =P.-,.-,...._H*.|H&v - P E n-=1 ﬁi‘%i.ﬁﬂﬁ
C diep = O
Ve P = divP = ax*P“r"i' {2.3.38)
®EYV-PRAVPRHE- KB -1 kR,
(B)AMAR
n M‘ﬁi P:P.lir--;.ﬂ:ﬂmﬂ“ﬂﬁ'
J;u . PdS = LdideF (2.3.39)
2.4 — MKk E

241 ZHMkEANEN
®PH MR AEAPEEET R R EKBSRROGH AR

Pra=»h (2.4.1)
[EEEUEE RS WS SEIFS =N
b = Aa (2.4.2)
MExBaFEhHEPHERFE. A KD KRMY LM, RELEHINITRR
P-a=\a {2.4.3)

J& FF 18

Pn@, + pu6s + pps; = Ag
[.P!Ial + Py + Pudy = Ad, (2.4.4)

Pu@y + PGy * Pps; = Ady

EW P EAREFRRBTETEER L5914

Pu — A Bz Pu
P Pa — A Pn =0 (2.4.5)
P Pz Py — A

XA RIFLERTAAS

Y 3 Pa Pa Pu  Pn Pu Pn
A=A (py +pn +Ppy) +A + + -
Pxa Pn P Pn P Pn
Pu Pu  Pu (2.4.6)
P Pua Pu| ™ 0
Pis Pz Pau

RHFEMAS BT RN a, 0,0 0, BB TEMA HERTH.
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242 “HExEPHTER

A—-AFER
I =p, Py +Pu = A, +A; + 4y (2.4.7)
B_AEit
o= (P2 Pl P PP P A A s AR (2248)
Pun Pn Pun Pu Piz Pn
F=FER
Pu Pu Pa
L = |pa Pa Pnl|= Aidads (2.4.9)
Pis  Pu Pw

2.4.3 HEKE P
WP=pB—TMHE MP =p L BE— kK, HHNPHLEKE.ICH

Pu Pa Pa
P, = By =P P Pu (2.4.10)
Piz Pn Pn
2.4.4 kRS
RS=s B A RER EHBZEME
P, = Pi (2.4.11)
BB JFRIEE S MR EKR.ICH
g S 9y
S = 5, = |8, 8y 8y (2.4,12)
3 8pn Sy

iR S AR, AR E, MR EES =T EERELN,

ME—-EFE=TEREEMTH. “HUKREREEHLRRPATRWNAMNFEE R
A, OO

0 A, O
0 0 A,
Eilt, —Frat sk S AT L= FEME A, LA A, BE, —Ri#RkEN Xk H Cahm——»f
RE , — U0 L o 0 0T LA g B R ARk A L RR .

2.4.5 E#F#EA

WA=a B—T R EoRZEKE
Py =P (2.4.14)

5= (2.4.13)

MR, KE A HRMHKE,IZH
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PR HAERAKERTE

(2.4.15)
f 0 ww, = Wy
! = ”j ﬂ wl == ‘Fﬂ*
|
Lok =y ﬂ

EXHERANENFE RELIFRRMTRE. AWNFERAN=ETTR 0 0,0,
ARl e WXEAREKRAHNZEE—(2.3.34)X , TUEH o, B—T%R,BH
(2.4 15) AP o BZHKR . R=MKER.

RMHHKEAMEED AR, STER o FIXE D W RHB, HI

A«b =ab =sbow, =wxbh {2.4.16)

2.4.6 ¥ESREA

ZEr R LR~ R R R ik, B
P=S+4 (2.4.17)

=
=L{P+P]A=-L1[P+P}
2 et 2 f

2.4.7 anEtEKkE

FHENF - RETEELHFEERGARNERE IXKBFAEEFALEKE K2,
HHEEREKE, o MEAREKEN, TUENTEL. K& A, WRE - BE
EEAEKE FAENE - T EERERLFEERTHFER,H

H';,u---i_ = Hilﬂ!--i‘ (2.4.18)

THoE (fFRE) HREEEFEEN.

—HkR (xR BFERRI BREMNREHN.

B 1 F R H BB R L% AS,,

H, = A8, {2.4.19)
KAk -k,
EHEmMEETKE H BRSO As, B
| H, = Ae, (2.4.20)
Heb A H—i5l,
P B e R vk & H BB X
Hy = v65, + ad,b, + B85, (2.4.21)
Hiv.aphiHR,
RiGEE
MF A H, . AE—OR F0RAOE T THEFHARNEFRER

L] LA
12,223,351 813,21 ,3-2,
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WABEER B, R, WEKE H, . BERFEKE MAREAREE, G0,
3T B FE R H AT |
H, = Hy = H,, ,H,, = H, = H, ,H, = H, = H, (2.4.22)
MF=EMERRERR H,H
H, =Hy =H,,H, = Hy, = Hy, Hyy = Hy, = Hy,
Hy, =H, =H, ,H, =H, = i, (2.4.23)

2.5 EXHE&LKRE

2.5.1 EXHRLER

(1) HER S H7 -
LHEEE -G UE = (g, .q.0) - HRE, WE 2 Sﬁﬁm.ﬁlﬁquh,qsﬁmﬁ
hr, EEMLERPELOEE
g, = W¥.,q, = BW.q, = ¥H (2.5.1)

PR M LR R (g,,0,.0,) B IRIE , RERER P4 R LR )
T, HBRTN ¢,,0,.9,. ELERELNBAUREE ¢, .¢.,¢,
o BAKBEHFAMRBTERAEERAMmHRE, FREXE

e, 6, EAHIER MWHHMHELE ¢, ¢ HBRNLIEFERRERZ
TR BRR, FULALEELER.

2)ATESHEERY
25 EX@&sH BEMRr=rig. ¢ ) ALXEBR I EHRLETERTN
E L W)
dr = aqldq. +Edq«. +—a!~drh (2.5.2)

Hrbarsag(i=1,2 B}Mifl\fﬂﬁﬁﬁﬁ H,, Hnﬁaiﬂﬂi Ep

sl ;"‘;l {.;’;’} () ="
1
. ;; { - ( + %} = H, (2.5.3)

) 3‘% =~j{ﬂq; (Ehh (

SIAREER H, 0, H,)5,(2.5.2) XA HE R

dr = H,dg,e, + Hdg.e, + H,dg,e, (2.5.4)
WO dr a2 IR ERREN(E2.6)
ds, = H,dq,,ds, = H,dq,,ds, = H,dg,, (2.5.5)

WK dr g AR

g



ds" = Hdg; + Hydg; + dg;
LA ds, ,ds, , ds, 2 31 09 7 F7 S W& BN
dV = H. H,H,dq,dq,dg,
FiIrAEEREmMmAY

dA ds,ds,
dd, = ds,ds,
dd, = ds,ds,

(3) i X 3T L HR 00K T8

H,H,dq,dqg,

1 =

H H,dq,dgq,

H.H dq,dg, -

H2E HBRAKERTBEK

(2.5.6)

(2.5.7) .

Hle WrkER

B Ak e MR L IR g MILNRBE TF A TR AR

N.

Hi=jn B8 i EAREAA
ae,
ag,

1
HJ'
Hiwjit it AR

(2.5.9) XA EH=1HAHLR N
ade,
a0,
ae,
a4,
ae,
ag,

(2.5.10) RAEMATTHH LN

2.5.2 EXHBEFERFTHRES

BEEETHEBIEZEPHIELN

-1 g
grade = H, '5‘l'|‘I

MEEEXHRLIERPAIRERN
dive = 1 a(u ,H,)

de,
dq,
de,
aq,
oe,
4,

1 dp
- — +
1 H: a_q] 1

d(uHH, ) | o(u,H,H,)

(2.5.9)

{2.5.10)

1 4
A 5;%" (2.5.11)

]

(2.5.12)

H H.H, aq,
REEEFHELEFERPHRELN

dq, 34,
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L 4 1

H.e, He, He,
1 3 8 3

oW = LA, | 3, 99, 90, (z.5.13)
Hou, Hu, Hu,
RERNRFEERHBRLFERTPHRERN
- 1 4 H.H, 4 K H,H, 3
A¢ = B A, [aq,(Tﬁ]+ aq,(;gt'l'?:)
v 2B 30 (2.5.14)
d¢;\ H, aq,
2.5.3 BYER
(1) EE &R
HBERRP HLEHR
. §, = T.g: = E:E’; =3 (2.5 15}
ri 0 BibElo 6 0 T 2w,c B -0 B + o ,I0H 2.7 fioR.
“ A SR 44 B
r=%¥%.0= %M.z = HE (2.5.16)
r=RWRARFERLU HER FHF oMM EL Y ELANERE. 0=
y MWELIFRE R O: MM EFE,:= BRNLRERELT 0: M9 ¥

W. BERRSEALIMXRN
% = rcosfl,y = ginf,z = 2 (2.5.17)

re SRR B REEE T MMOHR. 0 LIRRENOCE - AT

W27 HERR o PEOEM,: SHFARFHT 0: WO ER,
(2) RN
HEewm RPN ERNNY
H =18, =rH =1 (2.5.18)
(I WMAEXRSE RFTATE
BLEEDPE TR IA
ds* = dr' + rdé’ +dd {2.5.19)
FEirAmEMEE R
dV = rdrd@dz (2.5.20)
BEEELERPRRELH
gradg - %’fe ' ‘Tg*;,, +%§=, (2.5.21)
HEARAEAPHRELHN
divae =%a(::,} +]Ta?‘;!+% (2.5.22)
EEEELERERPOERLN

40



F1® FHEEKkERRE

L o,
rotu = . ""a'a- = ™
4mt,#=£—£ (2.5.23)
8z ar
_ 1 a(ru,) 1 du,
rot.@ = ar =28
ﬁ#ﬁ?ﬁ#?&&&ﬁiﬁq’mﬁﬁiﬁ
<1li iﬂ
& = =7 = aa’ (2.5.24)
2.5.4 BMUER
(1) BR&AR
ERETEP RLITN
g =r,q, =08,9, = , (2.5.25)

ri 0 kBl 0 B0 BLE] w, ¢ By 0 FILE 2, N 2.8 FF R, MR
RE S SR

r=H¥,0= RE.v = ¥N {2.5.26)
re B RIEERL 0 NE MR, = HWRMLIRER L 0 ¥
LR AT, ¢ = RO L RE R O: WA EFE., \
LT R KER, 0 BITRESR ¢ LRKBHLK.

BRAFESHEALFEMNRRNY E 28 BAKEE
x = reinfcosy .y = rsin@sing,z = roos@ (2.5.27)
(2) 3l M
BRI R BB ROy 1
H =1H, =r,H, = rsing {2.5.28)
(MRS RITAEE
AR PPOCR B KK
ds’ = dr' + a8 + rlein’edy’ (2.5.29)
FarAmik
. :, dV = r*sinddrdfdy (2.5.30)
HEAERLERFHREA R
grad¢r:%ft;+~ilr—%§e,+ﬁa§£¢* : {2.5.31)
HEERLERPHRELRN
divi -%a{ a:l’) +rsi1nﬂa{ a:u'} +nilnﬂ%;'.ft (2.5.32)
EEARLFERPHORALR

4]



Ak g

1 8{uysing) 1 ou,
roly = — ————
rzing of rsing ol
*ml,u:—-i-—ﬁ—LninM (2.5.33)
reing dr r ar
= L2 1w

R TEREERPRREAN

L araagy, 1 a¢ . ey, 13
Ae s (r ﬂr) * rsing ﬂﬂ( sind *

—_— 2.5.34
agl  rsin’d oy’ ( )

A ]

2.1 HERBRY o, BREM A LER s.ﬁiﬁ&ﬂﬁfﬁ%ﬁf}ﬂl siﬁfmﬂﬂﬁﬁ]%ﬁgf.ﬂ

AL EH®ER M 52 - EBREE grade.

2.2 RE+-yVELE

deay  sedw _,
dx dx dy dy

RUEFWE o =H By = FRHEIERE.

42

2.3 RIERERE grade £ —F18 « ARESTFEF BMFETH.
%f = %cns{ n.,s)

2.4 EHTFAEL:

(Dgrad — = -5, (2)grad(c - r) =

(2) divr =3; {4)&;»—:—=%,

2.5 FHARMEGTSEARKRRBREERTIER.

(1) div grade = Ag; (2)div rote =0

(3)rot gradg =0; (4 )rot roty = grad divee — An;

(S)ACey) =ldp + @Ay +2grade + grady,

2.6 HMAWMEWMASENKERFIEIENTHER.

(1)div(ga) ='qui-.rn + gradg * u; (2)rot(eu) =protw + grade X u;
(3)rot{wxv) =(v- Vu)-(u- V)v+uadivv - rdive;

(4d)grad(um - v) =(v - Viu+ (- V)v+v xrot + & X rotv;

(5)(u-V)u '-=g;'nd£r-ll * Totd .,

2
2.7 MAMEHNSHENKRATEEATHEL.
(1) [ gradpdV = [ npds; (2) [ divudv = [ - uds;



B2E RBEIKERTE

(3)[rowdv = [m x uds; (4)[ dpdV = L%Eds = [nVpds;
(5)[Cu = V)wdV = [(u-m)vds, 2op u R KM

(6) [ Audv = J;%?;ds = L{n - 7 )udS.

2.8 HIH dive flrote ME LI EMNEELIETREFPHREL.

2.9 FHPRHMWHEHER.UCH:

(1)P = P;(2)b-(P-a) =a(P-b), Hhabhxi.

2,10 FPHEMFHIE, EH:

(1)P ==P ;(2}b-(P-a) +a(P-b) =0, Htha,b HhRk,

211 H%Ep MBS HENERS. EHSREBEIHYN AR 0 BF
TFE A

W = _;_['ti X'Fl]

2.12 HHEKRab FRMBUNFHIME KBS FASEMFEFIRLENESE o
2~

1
= —F
[ 2 X a

213 HETCHES SRR RS RS R ARBA . U FORT AN A0 2400

w = rota;
da,
¥ da, =a—-dsc”ﬁ:'E

X

da =S*dr+%mt¢xdr

Sk S AR I H A
2.14 EEPARVMHERNESLERFR NEEERATEL
a-(P-a) =0
3T .
215 FkBP=ep.. RIFHEFRTER S
I, =¢, 'p, +e,p, +e,-p,
I, = € {FI xpy)re,c(p,xp ) +e - (p xp)
I, =p, + (p, xpy)
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MAENEARREESDERTHRGREWESRR ., EmFikl T FERSR8%E
EWEHHEE BT IR RS, & F W= [ AT AR Rl R 6 LA E, LR RS
AR LR, &5 E R TE K A A R MRS S e O v R
BT HRBME KR KR MESE URRAXNES EARENSELART R
fré8, ALl e% I WP HEE.

3.1 #RERELSS

MEL L TiEsPREFRBIERE BERZHMER. EAERE L0526 L5
HEBARMEBEAFKRE, ERETR-TFAENHAGD S & FATEREAEITR
EEE LR AR E D) ERERE S L NE N RED S, FHRE N, BN SRR ED
RESGD, E EEORE T

RARE SN IEHE MRl . AHREREARASEESZ MAMEERY.
Wl d—EEREAS R MREEEF AT RIS EEE -8Rk,
WHRSGFREBRE LW RESL, REFCEB =2 AHERAMHAN. BTFANE
SRR RTN, W TRERITFA ML HEE, e g5 N 1ER.

L1 mEAhREEA

(1) sk
AR EREETENIREEERRE, ARE s AER—-AM BREM SERET

R or, ERGEY bm, fEMER LAY ER % 6F 72 F i a9 iR BR (i

_ .. BF _ dF 1 dF
f‘:l:—r?nﬁm_dm p dr (3-1.1)

WAPRERAMES S ERURBREFZIOTRN , ERT OB, v,z FEE 2

B FARRNEZANSHEE KBNELT ],
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HIT MENEEEES

EAEARITE o 0O N 2
dF = pfdr

HIRGRIER » LMER TS
F = | pfir (3.1.2)

Kb dr A RRAMTENER dedyde BB EH AR FRAGT RABE, H(3.1.2)
A AL S dr F A MocH i) dF @R =6 X5/ &,
MEERNFER TERRH

Fe-9V | ' (3.1.3)

APVENBBY. SERNEE N,V =g,
(2} %D
BARSHR )RS EMAOKEREEREATERRGS Lo H, EHRAEERE S L
MafFEERRR. £RES LEBR AN, FEETEASGEN S, WASHER I,
fEREAS FWEADNAP, SASE N S, EFETmORME
p, = lim AP = E
" asa AS 4SS
Mp NG LU s hRRMAMEMERZNES.. p.RRNENE S B LM HEHE, S
BRI SURMBIML T ], AL p e AR .y« KON ¢ 40 80, (KT 1 B0
. FHETEAS W LY A

(3.1.4)

dP = p_dS (3.1.5)
MiFAEAREEA S EREHR

P = quas (3.1.6)
F

METKAS RHES RN p REHE, B3 L5)ATH, 5EHTK 45 MEMNK
MoTES dP BRI EH R .

3.1.2 BLEREMEIRE

(WTEEEEHRS ,

AE— R M A UH R AT ERANEE, RS RE w
LR — MR E AR, M LN D p REBr ARE h &
iR rE s i, BR, IF—-ARAEEEREHFF ﬁ —
REMEN. BXb UERE -S4 = LIFE EAR TRE P
BRI R, ETLUEE— R R kh n WEE LMD R 0, *
7% K g

Uik P EUMMOT U T K Oabe, PR 3. 1 FiR, BEH abe M3 @31 mimEkSHeS
REMAn BFN S, K =1 FH Obc, Oac Hl Oab Ay SMIEH
J7 i) 4 1S A br Rl « B0,y B 2 BB E 7 a1 B, R R B 4B 4 dS,,dS, F0 dS,. ER#E
EEE LW NE -p,, -p,, -pHp,. FRTHEE LS HEREL(QFENNRBRES)
MEh B2 NEEH. B FERHIA=ZMAH /DR, EHREXE 5/, Bl S0k
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Wik ¥

TEEREEANMMEANOER, CREEAENER. TRTUSHTEHEH TH£
#
p.dS - p.dS, - p dS, -pdS, =0 (3.1.7)
Pk = -~ K dS, .45 0 45 R RR A
ds, = cos{n,z)dS = adb
dS, = cos(n,y}dS = gdS (3.1.8)
dS, = cos(n,z)dS = yd§
AP o,y AHRBEFER B o WA B EREE s AN FRIRHE cos(n,x),
cos(n,y),cos(n,z). TR 1LTIFXER
P, =pa+tpfB +py (3.1.9)
MAXRp EEAMLERENBREN =100k, 25 p,. p., P BR. M ROE
— A THRAREAENER RO T, B - FHERAEAHEAALEN EMEEFE.
pIERSG n FMBE p HARMB N FEHNL r FRRHREp BATRE D, (3.1.13)
AR AUHEHE LG 1A TEALGEETERY
Pus = Pu@ + P8 +p.y
Poy = Poya +p B +p.y (3.1.10)
Pu = Paa +p B +p.Y
=N Ep, p, pRAATAERAGIEHE P TERTRERMEL
Pu Py Pu
Pr Pyn Pp
Pre Pn Pu
G LI EWME TR LERE— SO HRR CUSH P RNk, (3.1.10)L0H P
. Fp

P = (3.1.11)

p, =n-P (3.1.12)
ARk R ity

m o= ia +jB + ky
(2)EhKR
REKBROENL =N 0&p. 0, P ROE] P E—TZBrE. o LIHE
BR , 7 17k PR e B B
Py = pi (3.1.13)
BT ARENERERCVERERS EVHR—-KOERNESE S, RAERES
mWEREENESTE. B

erp,ds =0 (3.1.14)
EAEMEEESL K

LB‘-‘*J“‘F‘dS =L“m“fPu“;d5 =

E{IJ‘PH} - ﬂPu
[ra=20 = [ ea(py +5 ;*,;)"" =0




BIE RAKL¥ELRE

BAOGERBRT VA« R—BEFME, R REHRK T 3055 —T0H 12 &)
&L B R, TR

[ eupydv =0 (3.1.15)
B FEBEET VeSS, ESRE 5.k BFHM, BV

uPy = EulPy —Pu) =0
H LA A
Py = P
BR (3. 1. 13) 30438 R LA W FR AR R .
Wy Hl P& SRR x oy, 000 1,23, FRMHFEKR P OIS

Py Pu Pau
P=py =P =|Pn Pn Pn (3.1.16)
Py Pu Pun
MhEEPPFRAEATARAMI R, EOMNMET R p,.p, . p . REEN N AES R
PoysPrPutE AR R FT
(3)ENHETER

M) ki PR KR, E R o R AT R
Ei F35 8 P iy JLfo] o R Sl Ay — vk il T, B '
r-(P-r) =p.x + pnyl +p.r + 2p,xy +2p ¥z + 2p xx ='1 (3.1.17}
MAZKEEEE KRBT o MIF— KRR T, FTLUSH o @ ERIREH p, .
RAKEPAA=ZIHEEELMFE ETWLERP HHKRPIAER

p'y O 0

P = [ 0o p',, 0O

0 0 plu :

AP op s BEBERS . (3. L 18)XNEW SEWMFTEEHMAEL, AAEERLD,

HIRn I RE.
AR PRA=SAER, NAOKRPHRERL L, L5395

(3.1.18)

I, =py + Py Py =p"yy +p'0 + 05 (3.1.19)
I, =pupsyy + PuPu + PuPn - Py = Py — Pz =

P'uP'ss #+p'wp'y +pp'a (3.1.20)
L, =pypuby + 2PaPubs, — Pubs — PsPy = Pubn =

P up up's (3. 1.21)
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3.2.1 s BANE

Rrds B0 AR R BT 2 (e = 1, ) RS A AR R K S AR KRG @ R, 210
AT 1L B 01 0 A AR g, v0 45 ) R AR BHER 40 . MANAERM a,b,c AT (a,b.c)
KR EMEH RN LT, AERAMALRTRLAMEET. BT o.b,c RFOOKRE, HAR
IR A 0 SR R, B @, b R OR PRI AT, th o SR B T A b (R A
(NEEEANEBEE
R E SRR AREEAROBRRERAER MR, ERREA SIS
a,b,c FIERE,El
r=rlab,c,t) (3.2.1)
EHARERPOS RN
x = x(a,b,c.t)
y = y(a,b,e,t) {3.2.2)
z =z{a,b,e,t)
SRR a,b,e,t BRERAN R H AR, - sURA T kR 5028 A o BT AT B MR A A2 B
S . B E W AR a,b,c WS RTE ¢« 3O, W RBE R R AR E AR,
A0 B S D ¢ S MK AT a, b, e B, W A8 Y [A) — o 3 AR IR R kB G A R O AL
.
(2) $hid
PR &5 h o), oA BERT A AR T A O . RS A R -k edn
SEAEEERMMARYERAONE. FEEERPHENE SERIARER AN
#, MFHHTRA—ESSdmBeRLERRU R HEEN W, ERXEERAILITERT
(3 ) i 4 I3 A% %) B2 JE %0 Jon i B
BT R BRMN(3.2.1) RNEH =B o0 N T8, B 1k AR B A % 48 0 ] ¢ 89— B I

S4B

_ar{a,b,c,t)
u = _—ﬂ# (3.2.3)

EEEUABALERTESEN

_ ox(a,b,e,t) _ ay(a,b,c,t) da(a,b,c,i)
e TR S e T
W b ok o R R B U] ¢ MO OR S, B AR a st (E) ¢ ) BT R .
_d'r(a,b,c,t)
= e

(3.2.4)

(3.2.5)

Do EETE B A AR R Py RO

2 2 Fd
i = E#{a,glc,l!'ﬁj _ 4 y{n,ﬂ;,e,:) o, = ) x{a,i:.c,l) (3.2.6)
dt at at
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FRMEFREEERIN HEREAR
u = ulr,z) (3.2.7}
HbRGmEr BEEGEFE RN, EFEEHALERPHSTER
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u, = u (x,y,2,1) {3.2.8)

u, = u,(x,y,2,8)

AR,y 2, FROVEKR EM, (3.2.7) KX FAT ks & A= HRE LMY
TR . MR v, v,z W4 ¢ A, AR 25 (6] & b 5 A Rl A A1 Q9 25 10 M iR s SR B 2 ¢ 7
Sry, T NBIE -FEEFESERPGEHE. BN FERAEERE . EHp =
(2,y,2,8) HBEp=p(x,y,z ) MBEE T=T(x,y,:,t)FRERU—-ET LR THEDE
S

(2) i ARk S8

HiMTAHERE (3. 27)AHERNEE. EHERSH
ESRE N LB 2R AATE  HELT M 5, #EE R M,
w(M.0) M4k LTEM SUM B mERy s, &0 o ARER
K ouw=us,, SAMMALE, KSEt+ A MEEHEM &, M
FEHu(M, e+ A1), B 3.2 bRRR A

b R: 9 =8: 00 1Bt Y
du . u(M, 0+ At) —u(M,t) i}
PR At
lim (M, b+ At) —u(M, 1) + lim u(M, 1) -u(M,t)
Al Ay & il Fi¥
ERAEAE TR THENAEREIENREREELSY
im u(M, b+ At) —u(M ,¢t) o ou(M,1) _ ou
&bt} i ot ot
au/a MARBRER LY FE AR AR THENAN S ENREEL, W
u(M, ,t) - u(M,t) . MM, u(M, 1) —u(M,:)

ET:: iy} =.£1-Ta Mt l’-ﬂ MM, -

oui{ M, e)
u Y

L

(3.2.9)

=u(s,* V)ua = (u-V)u

(= V )u FRHEN S M TR
H LR HTAIR, (3. 2. 5) ARr M QM RE R RBAFBNELFRZA, B

due _g
il (Ve (3.2.10)

PRFIEAFAMEIE. EFNEEFUEHALERTOSER
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(du,  du, du, g, du,
dx ¢ Y T8y T oaz
du, ou du du du,
T T
du, du, du, o, o,
._E:ﬂi “'ﬂx+u33_y+u’&s
BicHE o o 2 7 LA X o P I B 45 B 5 R, L R 4 A O A R L R 1T
RGER. WEED MESEMESAR EERREHERR.

(3) = RANFERONEE SN

5 0 A, 16 % P R R KL o A OE Bt 40T ELA — B B AR OR R ER0 R
BEN e R EN ¢ H - HHZRIREZAREYRGRBAMBEEFH. &

(3.2.10) A HE A SRR R RIS ENEQGF R MBI, 3T ENMBOL

de _ 2@ .
T (u+ V)a (3.2.12)

dg
de
(3.2 1 EHRER ¢ WELESED AEEHTHERNE FEATHRER ¢ B B AE o it
EXVe.
W32 13) 30, AT LB i P R p (v, y,2,0) B £ 5 00k 2 10 R ) R 56 O 1K A 0%
ik, BEEN p(x,y.2,0) WEEE SR A

do _ 3, .
il Vp (3.2.14)

s 5 0 40 5 30 P A s R0 S B - BN BB R RO

(7E o, 3 h O T BRI  p U B s M A A

PP & A RS B RIS AT Rk AR R BRI A ]S ST
P ERERRE AT EERERLBIEHNSEBh BRAG I EAA LNEERE, H
B A A T AN IRT A I 8 E AT AR M ] SRR T R T B R R SRR
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1y LA 4 B 8 b R ) 2 (6] ) 0 00 6 A 1 1), B 5 0 R E MBS AR (B R R R 4

3 AR AT SR ) F B iR A MO e
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(3.2.11)

=f“£+u~v¢ (3.2.13)

mEEEAEEFERT, B

£ -0

FRERRAERFETEERG, @RAERE, THEFES RERS T A 24T A&
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£ o, T
dr xu =0 (3.2.15) IS
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/ //
dx - dy N ff/ /{':J':':}
u,{x,_r,:,t} [L}I::,_}',I..I:I /
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EA R EA S TR E AR TR, A PR E RN K EORLEEN S

B MgwEatm il AR RNESFRETUBAEEHAMFLR. AARRER
ERAEEAXD RERENRILEE REEER L, RZ8/). HEAREANBED
JLfE] &K, 18 52 3R A 30 R BT LA B 0 2 B8 3 4 o O 4L s Oy AR BT , L1 £ e 1 O e R AR R/
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—— MRS R - R e 2Rl g -
A3 B LR i 41 A % Bk R BR 3 IR, XT3 o A PR O AR PR OB
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J5 6, R S WA T R S . AR R B
[0 A W 0 R A R

FEAREMNESEMZNNENRARS. 24 -FHR

() P ot % R 0 i 40 A L T, 3 1 A IR D 2 T O B R B . B RO TG
B REAAIR A H TR RTE B, R 0 885 R d AR BRI kM. Hikia s
AEFEN EMENRE—RAERS. SHEFEHEDHN, HOEHHRESH.
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3.223 BREAEZSHEKBAFEZANESR

iy kAT HIEN, BHERMAREAEFECBRONNEETR MBEATER
Hx—tEEtE. B FIERE S ¥R KR B R R H 7 R, BT LA R i A s
— R BRI T . REEAE SR B B 07 B M ECTY 7 B R AR R A9 R 5 e R R — i ey
A, S R T L E Ay, T A PR R .
3.2, 1 RMEEER S, EEREH
u, = xu =-y,u =0
Fe=0mbig MO -1, -1) SROREFME,
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v _ Y (1)
x ¥
PaEBay=C, MERSF =0,x=-1,y= -1, LUBMEHIHRNC=1. TR, RS@
¢ =0B} it ZE ) E M( -1, - 1) TR N
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M EXBRSRBEEOES
x = Ce,y=Cpe”’ (4)

BMERE=0x=-1,y= -1, AILIMEFIRE R C, =C, =1, TE BIREA/ME3IR
®H
x =e,y = e {5)
EEXPHENRE B SREFBHEREIAREFE, X400 FRH, REEZEWEE)
BHPEMAREESN.
M3.2.2 LIAEMEER(e,b,o) @M MahMMR

-2idk ik ik
x = age ,y = be’ 2z = re

A ERHETRHRE. RNEELHE .
R - FAR R AP E

B, =- z—ac"”,u s i+:'”‘,u = St {1)
' k 4 k : k
BT R AR Y IR R R RS Sh AR R A8 B o BRI R R RS R H R
a =xe™ b =ye™ e = ze™ {2)
HERL A BA 7 ORT A B R A s =P, 18 B el IR T RN PR B
w2 E ey s L wag) =S ()
MERMa BN
X b EPE T — B i 5 B A, BPTR B 4R B O 2
2y = Cy,y = Cys {5)

HTHEEEREs, EALEPRERFFIE, SEEA L,y WEHE PATRBEST
AR HFRAEHEIO2INAHRE, THLFENNERARERE TR, TRE
BAaw#Hs C =4,C,=2/3., FR,BBANAKLTEN
xy =43y =2z (6)
M3.2.3 WK(EEEREE, RBEEXHH '
u, = 2::1,u, = dxyt

Re=1/2fe=1HEF(1.3)0HEE.

W - A fER TE W T Eh AR A A0 LR e T B

dx _ dy (1)
2x dxyt

SEBS EX BARETE
y = Cs" (2)

APEGHE CHNBAHRE. Y=12 0, 83 8(1,3) MARSEHN
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y = 3x (3)
W=, B8 (1,3)MRERN

y =3« (4)
BN, N THEFEEERS , ARNESTRE PR —ARRKRAHEMN.

EREDED HTFES ESBRMRESHERUMNES)  RANRYE A FEERMIER

FEM, HEAERAIBEE rEERRER N AeEs ARERANIS X EENR
SERTHEMNEHEAR, dTHRENRSIE, M TFE—MEKRSAWFLEHESHWE, B
BHE U EERAEE R ERMN , XERMBATRERE I EPHRARBIMHM. RERSR
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RO EREAME HARFERBLOERRHEN SRR, EFREEHEEH, R
A i e i o s 3 98 B R R 55 98 BE RO 0 B M EAL TR .

3.3 EEAMIE

3.3.1 —AEA R

(1) — R $Bi% A Mk AVIE 3 Miz+ Bx,y+ by, 2+ b3)
M (x,y,2) RBRWRHPIEE A M (x+ 82,y + 8y,2

+02) SRR M, (x,y,2) SPETEREMA MM — 3, 3.5

BN . M, SRR H wy (x,y,2,0) M S A 4R 30 M AL M

B uix+8x,y +By,z+8z,8) K bx,8y,5: BR—N AT

. BER e EM SHSBARTRENENR BE N mis —SERARKNED

KX hEE LG

au au au
- at L 3.3,
u o= ou, + &x&t + ay&;r + H‘Ez { 1}

#EAERREER N

W, = U, + a_xtﬁx" (3.3.2)
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ﬂﬁi‘h’:ﬂiﬂ%‘]ﬁﬁ,"n]'miﬂﬁllﬂj%%—--’r';ﬁfrﬁin

(2)kEoBEE
B MEELSFRI.EE—T kBT M A X FRKR S MEZTFKEAZ

. FROMKR UL
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( du, l(ﬂu au] L[au, au_]"‘
Py 2\ ") 2\ T
S o A ony O L )
ax  dy 8y 2lay  az
1 fdu, au.) 1 fdu, +£§;) 9u,
2173z "o 23y &z az /
1 | I
£ T‘ﬂl T‘E:
@y By By : 1
Iy Hyy dy = E" 3 &4 ?'51 (3.3.4)
Ay, Gy Ay 1 1
Eﬂ-_. E‘ﬂj £y )
Ko s s armh
du, du, du,
&) = &xr &y = ﬂrs &y = iz Elfﬂ-.ﬁ)
du, du, du, ou, du,  ou,
i i = —=1 4 =1 = —3 4 — LA6
i VS PR T o i "™ (3.3.6)
Ak R AN '
( 0 1 Lo B LR By
2\ ax oy 2\ a3 dx
1l { du ou 1 [odn du
Aza, = —[_.1___'] 0 -_m__z] - (3.3.T)
! 24 a1 E:r 2 dy dz
1 an } ]
I i}
\ 2( 2 A J
] g = {1y, = iy iy
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@, =L(%_a“:)_mz =i[ﬁ_ﬂ o, =_1_[ﬂ_'3i) (3.3.8)
2\ gy dz 2\ gz dx 2% ax ay
fp
i j ok
1 1 _lia 8 af|_ 1 o
@ = Srotu = zvxu-z ax by @ -‘Eﬂj‘"ﬂxj (3.3.9)
u, w, u

FEAKBRERF . RATERTS ¢,. EBHY . AKERTRIEPLELETHA  BEHHM
BEME LR
"0, ik A B AL SRR R e
Ey = {l, Lk HBEEFI(W £, 60,600 F)
=1, ik HEHEFOCW 20,8000 .60 B)
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3132 FA-ZEMEREREESRERE

FITE-2 88 R 4% { Cauchy-Helmholtz) S fF 4+ M & F RN - MBE D HIEEANITEE 4
BYE S LR B He T E=HES BREMANEE —S0E s h e HaR
AT = BB 4P A .

F(3.3.3)FMA(3.3.2)£ .19

w, = uy + abx; + 5, 81, (3.3.10}
(3.3.10) 2 ep 55 Z00R 360 0k 1A 5% 3 50 = i M, Bp
i j ok
abdy, = -85 = w X = (w, w,
fx By &z

(3.3 -10) X P F =108 oy T 5 (k0 e 5 | R ) BE A, )

- l l -
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FE,(LILI0OXTH
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u, 6 3R RO A s 5| AR i B A R TR, 2l R R O o D 0 R B R P 0 B
(rota ) , 20 #18 B 0] gy rotw SHIE M, SfcRE or #IRFRE;

w R FEMA RS IENERERE D EREMAERENHIERE sk s, o,
AMBA—SWEREE AN S5 or S9RBRBE gradp R1B,

(3.3, 10 ) RFRBT M, B0 S8R o T (I B i Ry P B e e Sh R w, IR
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3.4 EHREXKE

T B S TR S HE S RARTRAMAEEONIESR, K=
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342 EREAXERIARSRHNBERY

PR B R MRS R o, 00,0, WEB L, # 6r ( =82i) 5(3.4.3) &
*!fﬂ
d d du,

ar, - E;ﬁr' = §x Eﬁ! = = Bx
Bp
ou, 1 d
£, =E-—Eaﬁx (3.4.6)
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M 3.12 Fim .

¥

B, €,

Ay D,

=]
wy

B3 RERESFEES B2 HAE

(2} BESEEEY _

i A M ME R S e, A IRIRGE A S A AUE. HEMARKSHNHTAE
AR MMERAT, A (EAAATES MR AP ZE T HE,E 3. 13 Bin., #RIER
AR NHFEIRANRE 0. RBEERAEES 2 4,80

f1 = 2w = roiu (3.5.1)
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B e s o ien ]

Heh lefAEE o REAMBZLHMUE ow BEFENREEREA, €317 &R
FEMRELFE HEEFEAIE CHEEN AB S AD IS A g R Hd AR (ALE)

h‘ ?‘ c* b *ﬂ ﬁﬂr,“j
? ‘9’&‘ -,.#'_ L ar i!-:r _ au’:
A N\ o =arclan—a"y— =
~ 1 <
B’ Ba ' ) - E:;:ﬁ; (3.5.2)
A
</"— ) ’)FA}_ &E‘J’E 5
\ ~ ax _
\\ / Py 58 ; uBs & =arctan Bx
- | . du,
h - - =2b (3.5.3)
wrt o 5 R AC $6 3t 0B g 1
313 HEMDNERED H ABCD 5 ¥| V- AB,C, D, it M & .
V-l ABCD M shmEE H
o, -_ ﬁ*@) 8u, ﬂ)='_n. (3.5.4)
ax ay 2

BRI RS - BT A ,é.ﬂélétﬁﬁ) E‘]ﬁﬂﬂ‘?ﬁa‘ﬁﬁﬁ;ﬂ, iR 0T e e
K. U,

1
"= —n, (3.5.5)
: ar 2

w, = = %_ﬁ - Lo (3.5.6)

T E ag a-t; 2
S R B AR P Pk — YR BER% A2 3 , X UL Sh AR S A R

1.5.2 HAEREBmTEHEKESES

(1) RER -
PR R 7038 St B o B A A
T , 4 O R 0 %% 3 4 A 1 B TR s
Gt BREEAN KRR, & |m
iF WPk % 4 48 T O S E R R 4 B3
(i 18] PO 46 A ARl 7 6 RS AR T S 5
NS EFEE(NTE) ., 0,

£,. B3 14 h F&HABCD B+ K%
¥ Fe e R 2 - AB C\D ; x Hmk, o,
LR TR 2R AR B9 BEAE N w,, CD Ay 3 S babs —=

ﬁj}u,+%ﬁz,ﬂ§ﬂ&}ﬁ‘.cﬂﬁdﬂ B3 14 B AR

iy
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BIE WEIEREFRS

M5BT — B R ot T A

du

_ axﬁ-zﬁt su
Su T Tasl T aa {3.5.7}
X5l 0, TE v J7 19 0 £8 75 7 0
oL
—&yhit
S 8y O _ o4,
0 T Taydr | ay (3.3.8)
T MR R N
. E::‘Bzﬁt 3u
o T (3.5.9)
B L 4R 0 AT 2 TR T T a i B R B
(2) I .
O 4 8 B 7 A B 1t TR P R A T _i‘f_r_ .
T, L G S PR T R 2 B, 4% 1 e e
A7 A Ak, (E R % £ 22 00 18] 1R FE R H' "”E !
— L

1, RIEMEEEDEZEATBORE
B R (i ] P f RSy kL B

REEEE(CTTE )y, .7, Yo B -TI
IS EELH ABCD R R4 TR
BRKEHFE AB C D, AD M A—-n,

B % u, BC YRS u, +%ay,ﬁﬂ
Bt fg AR ¥ il I Ba ¥ AB i &
Bﬂ.%aﬁ%‘;faysn, 35 7 5 U ML R A 160 56 6 0 IE L $6 48 B

By HEAEENHAEE

du,
a—ﬁj"ﬁl

= - —Rt (3.5.10}
ay

fx = - arctan

AD S 3T 38 8] AD, FE B ﬂﬂléﬁ%mt.ﬁﬁ 86 %

%Ezﬁi s
88 = arctan = . :Eclﬁi (3.5.11)
HHEEM AR 5 AD @i 8t )5, BREM TN (88 -8a) sy FEAMAELEEN
_ 1/ - 8a+ _lyou, ou
v, _E(Lzﬁé)_ > ?;?““E:] (3.5.12)

Hfuid,y: T = FEARMEEERG BN
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Wik HF

ﬂj.‘&] (3.5.13)

Yo = 2(6"*4-'3”‘] (3.5.14)

MU ESHAS, AEERGEAFEAN HHEERESREMN. MREFEEE. 0 TH
TR B R AR T AT B H - 8a =36,

3.6 HLEAKPHEN LA

kR HERTRAAKLENNDERTB LN T ERE. ERERELAFDERER
BAOMESN . AALTRIFEREN RERZEEFTHAMES, Bk A SERBARE.
Wbk b T80 L kA e, @ T ORORB YD, R 5 0 AR ) B0 B R R —
SMEARBERNETE. REBRIERAFTESEREES HMERTHENMRE ANE
EER LM PR E DR SRR ERTE A ERERE S R T L RRE, B
BERAEbEayED) EEMBE.

WA A, AR S v =0, B NKR P -pl Kb p BREBNFEHEH.
MEHAARLE THE EARET . HABESE, IEE TRATRSH. ¥ FHEHK
B ERp=HY  5EHp MRE Tk, My EES p HlRE, SHE T EXRMAHAE,
BHEERE, Erhp=f(p). S FHBEEERRE EHp EEp AlLLSEET 3R,

3.6.1 AR HERE

(1) 4 A& Bk LHS A
¥ % T BRSO R, FT LA
1840 B 2 (10 o B — R AT TR 8K, &30
p:-p—l—apd.t X e 'a_%ﬁiﬂiﬂrﬁ,ﬂy A 0: |FTT, A 316 A as.
TTTERLNCT [P EY gt R AR R Oz Cx,y,2),
Pt #5530 K 5 B4 dx, dy , dz,
: AR T 8 G B RGO R 11 F W 202

mEg BB F L F A F MIEREMTIE LAk
B3.16 RirmTmirye 1 pFdadydz 5 « 8,y S,z W L 098 LA 91 %
X =pF dxdydz
¥ =pF dzdydz (3.6.1)
Z =pF dxdyd:
AR T L C AR IEA K p, 1 2 i AR TR B m) Y « 8RO A R B T

REEQED N p, =p + 5L, JoF o, 00 F 4 5 ZRES p,WE TR B « B

(ERRIRL 1 PRI 05 615 « 07 P MR B MOT R T LR A p ., =p - e S p
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IR RBHEETRD

T - REED p WERATOER IS« WFAHR. T2, FRANBENDN

P [p-——fdx) (p+ zapdx)——gedx (3.6.2a)
WAKRMOTH BNy 1 AR « HE Rk,

Py =P, = {P'- :r) t +—-Edy]z-—£d:r (3.6.2b)

P - P, ={p-%%dz)-(p+ ;%Edz)--ged: (3.6.2¢)

(2) W RS iR
WARMOTTES AER TATTEH RS ARERTEK LROERDHRT HZHEHT, R
X+(p,-pidyd:s =0
Y+ (p,-plidzedx =0 {3.6.3)
Z+{p_, -pldsdy =0 .
e HEmoTE FRHEIMNREDGC.61NARAAHRER(3. 6. 2D)KA3.6.3)K, 8
BEBIARCTES® T ERS TR

F-L3® _g
op dx
L ap
¢ F,=—-—+% =0 6.4
Pl _g
N P dz
BHTERAFR.64)MEBRERN
F-lvp=0 (3.6.5)
i

Bhrw s P RRERATHEEANESOREZMAXR, EETHB TR T ENERE®
W hR.
(3)EH LM
Mtk dr
dr = idx + jdy + kdz
B R (3.6.5) PR EMouER dr 1E R, B

(F—%?p]-dr:(] | (3.6.6)
REREEH,H
dp = dr - gradp
Bf#83 A7 & 4
dr o dp = gy L Wy L B
Vp-d -dp-afd.t+ardjr+&rdz (3.6.7)
HERARA36.6) X, BIHERHWEFTHEL£E S
dp = p(F dx + F dy + F dz) (3.6.8)

CSHEE DR EREPED AR EAN2RED(3.6. ) ARWRAEN -MBERX.
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ko

(4) REBNEEES/E
WRKEZHHERADVEES, TREMERRENERSN F I« 8. B0 : 855
i1 4 & o B Hy
F.=0,F =0,F =-g
A :impRNASRTENTAS ST HEE. #EXRARBAIRRIANEH M
sr#eixi(3.6.8),78

dp + pgdz = 0 ' {3.6.9)

TR ESRGE. EESEHEE, B S L8
-::—+,gx=ﬂ (3.6.10)
o SR p/p B {0 MV G BT LA B0 B, gz L (0 B B 4K

=== MAE e, C RS EH, (3.6, 10) BV, EEAFHHLF T
" ] 00 25 B4 R T T 448 WP, LD PR BE R G0 AR T B 2 TN ML BD T
Rk EERA I M2 H

ni
P P
i F'+gx, =F1+g:, (3.6.11)

BE3.17 mEDELTE
b Py =p, +tpglz; —2,) = p, +pgh (3.6.12)

ELHRARERHELELATR. KEBNERXTREN LTEAHFHATES Kk, 2
HMESBRRTEARE . SAKFUEEX, A 3.17 Frw.

162 WEMREFAIMEHSH

MESERANEETRER. M TFREE AEOMEFZAMLRHRETFRER
E. MTHE. 8B/ 2ELARENVNEHZENXREN

L _ ' (3.6.13)

Fi]
A kAR EALAG 6.9, B

oo soe(2)

dz
1)
B g
pr D
Bl 3,18
P v e-Ei4c (3.6.14)

-1 K
Hep CRB . H2=0,p=p,,p=p, 0,7 ] R#
C =

P P
BLEEAS TR CHER L HABEIAA(L614), B
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BIE REN¥FBEEARDT

L P g P iy
n - 1 - p;'ﬁ',fpn n - lpu
.3 Neb Wl

[1 pﬂgz(ﬂ"'l) (3.6.15)

Ho R, RIF(3. 6. li}i’t,ﬁﬁﬁﬁﬁd‘-ﬂ JRE— BB =, 58

P _ _ PoBZ%
Pe Py
=
P = Py — PokE (3.6.16)

FRERATEGHERNDERELTE (I 6 12) B, YmEEHEAN, NEFEELF
T HENEEAKR, GERA Y SET RN FR{ETER.

3.6.3 bR DR EY

(1) 5hh M &

Lok et S SRR - ERRCE, B DR R MR, WA RA WS
TR A FTRE R TSI N T .

% (3. 6. 5) M0 RBEE , 15

th:-]—jvvaM%vxvp (3.6.17)
p

REHELX, TARERAWEEANT, TRELAAAB _HNETE. H(3.6.17)R5
(3.6.5) AP 9 fERB, @

F-th=—1—_.,?p-{?px‘?p} {3.6.18)
P
BAAVp EVexVp BATELHRE. _HHNEESXTE, TR . H(3.6.18)487)
FeratF =0 {3.6.19)

EARFERISR RSN DR . |
WEIAFB B F= - V), LR APER, WA B AN REB L HE

wF =-T 2«7 V=0
A ik, Fﬁ'ﬁ-%ﬂﬂlﬁﬂﬁﬁﬁﬂ%ﬁ:ﬂ 6. 19) R, IRAMBEEAS BN I HPEENAAERT . AT
ERBSBLTR. EEAGF EHANE ISR

) F=—V(gz},ﬁ=gz
I P, S hMSIHBR

eev()ret

BN ERNGAGI NG MEF T RL T ERE,
(2)$ER

MR IERER GhE, NES & W LN E T mK &G
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P =p (3.6.20)

Hehp RHEHECHED WIMAE. AR Ak W RS R . Bk 0% E R

FREEER. BHFEMSFBAG.6.5) R SERMUESHHFEN, Y4NHFH
Hel  FEAASHERS. '

EFPELE EH FEARERSTHR, B . SE@OFAMORASEN S8 00S

WG, BE L HERN S F= - VHLA(36.5)X,8

-pV V=vp (3.6.21)
7 3L T P L, 99

Vpx TV =0 (3.6.22)
m(3.6.21 )R8

UpxVV=0 (3.6.23)

(3.6.22) A F(3.6.23) XX FEAEFERAMEL FLASYEMES,. dREHE
AL FRESSRERNLES.
AR@ELtp=p, AOAABRFEN,REGC. 6. 3)AAnELESYE. AdEmE

Rt DRIV = MERBE. YANREIN, ABRY NV =g, ABEMRIBR N = %
. TRRBERABHPLTHEREN HEdmR2KTE.

3.64 MEEAMPEEOBEISH

BB, R LS AET o AP
R T o BERS, SRR TR RS T
B3 18 frm . REAALER (s vz ASERSEEWN L - 8
BENERSORFHHEBSHME - HTAL, BRI m
i AR F R E I MER., WERE - RS
2N ORm.: BN ZROHEL IR

R = mra’
RUOhExWH y A Bhm g srml

R, = mrw'cos(r,x) = mzw

L

318 B 55 E R, = mrw'cos(r,y) = myw’,

R, = mrw’cos(r,1) = mze’

B FRBESDNERA FAT Sy 8M: S Enas RN
F,.0'x,F, =a'y,F, =-g
#ERNAENEMir#iEA(3.6.8)5
dp = plw’sds + o ydy - gds) (3.6.24)
Bar k.8

T 2 1.1 T I
_ @' | W@y _ (@
P-p( > + > -gx]+ﬂ'-p( > gz]+llf

AHERENED p=p, RIEEFREEHRORESELAREE r=0=0,7REETH
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FIE HENFRERE

WWMMW

B C=p, FRMLABILHERIEHER R EH A EERL
P =pu+pgfgj-—4 (3.6.25)

SHEEEEEES BEEHRSNEERISER. FE® EOER R 4
=0, FRENE8TEH

w xdx + w'ydy - gdz = 0
B £,

T2
w T

-gz=0C

ERAFR—-BEERMTE. EHARAL

r=0,z=10
KBRS € =0, WAEABRA L, LN r WRERAY A EREHKANERE
Bz, BHEE RPN BN, B ARETRE

21
(1

~ g5y =0 (3.6.26)

i _E RS

fEA(3.6.26)X .18

p =p, +pelz, —z2) = py +pgh (3.6.27)
Heh h RHARSAZAMBENEAER. (3.6.27) AR\, S RNMELRRBESTH
U R b B M S T R e L R B AR SR TR

1.6.5 WFEEH

IR LA G R, KR, 0, E N p, =p,  MER BRI mBEE N »
Bz, = -hAb EN p, =p, MR SRR (3.6, 12) TRAWE X
p=p tpglz, —3) = p, + pgh (3.6.28)
AR RACEEN A MES p STHMEEMEN p, 5EN | HBHEREZA,
%(3.6. 28) RFMAEMSER B
Bp = bp, {3.6.29)
FABRMEFEE, W EEBRSY.AREENED p A
Bp, IR, Sp, ME N EIEBEIKERER LREPEL ED
i SRR E 8p, BIE.
kEHLEE RSN RN EEE K TERERE
Ik EME, KESUREEINE3.19 fin. BT AE
WA KIS RERSR A MA,, EEAENEELN—A
PN EEAERMYE p=P/A, . RENTEFTHE EHp
BAELER I RESFSA.BEAEERHANEA B p. ® M 3.19 KENLFRA
A LRBMEEDN
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otk 1%

AI
0=ph =P (3.6.30)

AL #E A, ERBIMD Q B A ERBMS PH AR,
3.6.6 FEKERE

Pk A SWMBARED, G202 HMEHERER. LKA KRy -, @Y S,
n 2 S VMR 0L S i, B 3,20 BT '
Wik A SRMBEH R K

R =—Lpnd5 =—I Vpdr =

k[ pgdr = pgrk = Wk (3.6.31)
M320 SEEImEs Hr W’PET %ﬁ@]ﬁi-’* ﬁF#FEJEE"]iﬁ#Hin

ENBEVp= —pgh k £ 8 EH R R, : B rmEE

ME FaEdEAEE L. (3.6.31) KW, WEAZIAHEN RIS THE A SHHFH

FAMIEEE, F I MMER L.
Wik A ZTRRENEL A

L =—erpnd3 = Ln % prdS = IF‘F x {pridr =J Vpxrdr =

-pgjerd*r:(]:Irdr)xﬂ"k=rcxlwt=raxﬂ (3.6.32)
r T

b ro = rdr BB A FHEREELHER, £ (3.6.32) XMHR P ELY

BBV xr=0 MENBEY p=-pgk,
ERNERAGHEER rh MEEr SEENRBEBAIELHEL
L=rxR {3.6.33)
HASEHD R 5254 L A4tm, &
R-L=R-{rxR) =0
LR AH T, BN ER ST ARy — R . Ee#(3.6.33) X (3.6.32) 18
r=r;
B WX R A e R C, il Fiie, S T A e I .
HRFAFREE FEZANZ AN BSTEYEEFHBEEVER, SR REEHBR S
B, FAERRE TR EHER LR EL.
] FFI e 8 ok 98 [ 38 T LA T 9 7 o ) - 0 (2 0

3.6.7 BOABENZE

AR FRHEENBRETIBELANEETE. HERAFEEE (3. 6.12) T
]

g{:i-z.}+§n:pz—p1;- -0 (3.6.34)
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CRIE RENFRERE

—_— g

Af(s, -2 ) RMUEE. (p,-p ) RENE. KTHE CEMBREHHTAEEER T2
e 1 0 R TR

(NEHER

AR RS WAE p A R B L8 % 5 {2 48 69 [y R
HBHESN po. BHEN p MEFKAE p OEHN KB E p.o UKE p N ES B %
WO E N FRYRIE p, . B p RABIES p SASE p W%M, XLHHEMES . RE
P R A

Pu = Pu = Pu (3.6.35)

B 3.21 R TRMER p., BEp MEEE p., 2N
MXE, SR | -1 A E T RS A EHED p, Pu
MRE p, EDRE2 -2 BOEHTURREME S p,  * ooty
HHEZEp,,. - 2 2

HTF AT EERE, TR ABE B, B,z eWEenEe TP
TIE 5 Ak LS K B0 T FEARVILEE 3% (3. 6.9) R#ATIH .

2) E H M M3.21 SWEH REMNSE

¥AES R =5 |

1) WLEE 1 % B9 B A1 AL N/m?  #53 BB (Pa) , 10° BT B 4 B2 (bar )

2) LA B A R M R A, R R m K S mm R

3) LUKAUER (atm) #E Fo it AL

1 f I

=FEHRIZEMBRECERS .
latm{ $EAEFATE) =1.013bar =1.013 x 10’ Pa = 760mmHg = 10. 33mH, 0
(3) B R iR A K

KETHMESH . FERATHABENTAAR EFFEaSE FHTASESEHER
e, AT HEZRAHEEEHRTHHZER T EMYERETBERENS.
BRI RSFOYEEPE(z=0). BEFH EHWERY.
t, = 15C (7T, = 288K) ,p, = 10330kg/m’
po = 0.125kg + s'/m*(y, = 1.225kg/m’)

3 .

3.1 T R A R e e R s A B B D F e RAA

3.2 HHERIRSSH T EseE A

(1 BWENEE; ()R ERBEREEE, () EXEHRIEN TR
3.3 MBEY w0, {EHATEELNHER L.

du _  ou _ ] _
7 _ﬂ'&r =0, (w-Vie=0

.4 KB TFAMEPHRERSEETERR? BHENL? REREME LR
RERARRELARERRE?
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sl e

(1) REAMEE R = A B IR T 02K

(2) %8 1 B L B

(3) ML EHE AL UUT 0 R % 19 58 B A 18] 4 2 AR A (W] o S T2 R AS AL RE 5
() EXE LHFRETITERAOILREN.

3.5 XT3N (Bl 6t BE 4 AR B0 Hi S K 62 H FL A

(Do, =—5——, u,=—2—, u=0HbcREH,

x +w x +y

(Du, =52, u, ==, u=0,H¥cBHE;
£ty x4y
cosf sinf

(3Jﬂ,r=r—2, U, = r1 ¥ u,=ﬂ;

(4)u, =20 4, B0 0,30k RWH

(BEE:(1y=Az,z=8, HP A, BHHH; ()" +y =HEOQ)BLIERD,r = sinf,2
=e, HtP e o, AR PG (O BB HE B r=csin'f,p =c, , K o, e, HHED)

3.6 F0F AR Eh 00 A4 A

u, = —~_rt,ur = = 2xy

R x=1,y=1 B %KML. (HK:y -3y +2=0)

3.7 @u =z+t,u, = —y+it,n =0 RfTr=~1,y= -1 I ER B ¢t =0 8181
x=-l,y= ~1 WK, (BRx+y+2=0,:=%%)

3.8 WEAMRUVEBEEZH/KBEMGESE R =15em, RAFKI A B FEE N ER
#F, (B%:.18533Pa)

*i —_— L

B 3.8 B 3.9 R E 310

3.9 HEEABEAHRASEEESME NS F=5 788N, 28 h, =30cm, k, =50cm,d
=0.4m, MAIHH K p, =800kg/m’ ,p, =13 600kg/m’ , R U EHF KBENBHEX . (&
E.0.4m)

.10 AFEPEHRENKEN.HAXEELZFAHF, =4905N LHF@EEERA F, =147TN,
FLAFH a = 15em,b =T5em, H/DIEHER L =5em, BEITHRERR »=0.9, FitHEENE
BEEERE RXFHEEHE L. (B84, =12.43cm)

3.11 HMEEAREEEp =1 000kg/m'BIHE, UKP HLEE U=35kn/h 173, Wi#
E R R D=2m,h=0.3m,l=4m, HHE—-FHEMFFBETH. ST 100m FRELEFIE
T, HEMS2H50 RIEMAEME A FHH F, (EE F=46 308N)
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FIE WRBHEERERT

1.12 FAHBEERNER J=600mm,# H=500mn,/KiEE
S 5 HE b = 400mm , & T 09 % $8 55 (A B0 95 B % p = 800keg/m’
i, EREEPLFE NSRS HE. EFRHHL EHE
A M H 2 £ AFT MG S EEEM? REMTREREE LS
BRAFMBRNMTER(ER - MASRmMASERE). (XR:in=
157c/min; i % b p.. = 11 270Pa, p,, = 03 M t po. = 3.1 ME
16 173Pa,p,_, =3 922Pa)

3,13 REEFEEMMAEEDRBEEA DL, EHEMITER 4d=0.5m,e=1m,
a=60C, (ZR.,R=208N;r, =1.263m)

.14 ErARKOSEHTER, KR 30m, 38 4m, B EARE 3m, SHIIKEHS
S T 2wl o B0 A0 EE o K X HER K TR U8 10 fF, B E SIS o B E A
WHEEATREBEM, RUMBDEE . (EF:x=3.8m)

B 3. 12 BB U RELT B3 14
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REDNFEAEL

i PR R T TN

BRTHESR SREE BRTHER ALFERURRENDE, BB T REE3M
HEM®E, EMNERENZTETREORIERL ARHAREEIERX TR,

4.1 HEHFL 8 HEEKFH

MEBRAAAERE SR BREFYERYE ERARS LEE L THERER 9 R
B, Wi b N R R AT S R0 TR O R R LG B R AR R ) ) 2 e iR
[l , 58 SCHE TR Yy 0 20 00 o BT (6 WM . 6 o B R 0 R L 0 O O B R K
AANHESHR. ERVKENZEFZFRBANNRE FAEAIZLHEESH. A
AMEEGHENYER YATAYHEFRSOBESHEIER.

411 KA. AATHERAINMESRR

(1) RB T RAKSH
RS TR —RB T e, ERE B rfr, 28 B
br =r-r, (4. 1.1)
BT sr RO REE S B
%Br = E{
ERAEY KRB CHEKFIEER —HARETROEEZE SPHERRTS M STS
ALERZS. HERFFH AF RN RTTIRRN

Bu, = &r- Vu,, Bu, =8&r-Vu, Bu =dr: Vy

F-r,) =& -u, = bu (4.1.2)

HGEXEM
Bu = Br- Vu (4.1.3)
TR AET r MHEESRTRRN:

%Br =br Vu (4.1.4)
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B4E RENFEEFHRYA

B AT, KB br WK RUERKBE T SREREN AT,
(2) kRO REK S
ET 6 WA RR BT TN AR, EF T 2 F B m S 0% 5 i, &

d
EET = iu.ds

A e, REEEHFWME S SMRETEMEE. REXRBEERE L, BN ZE LN

u,dS
dive = limﬁ

w0 BT

FRAREERSTHERT 6r WEAE, EERENE XL TT N

dive = Eliaf (4.1.5)

FEAFEH BFAFLEHMERREESE, 4 FXTHEAELHEIESN.
::Br = divadr = V - ubs (4.1.6)

B EXTTHL, R o NEEPRREBR TS EERNEARA,
(3} MRk S8

¥ 5 [ BLTT 8S mmwﬁmias MR, RESRTRESN (4 1. 4) RAKBICHE

R84 L )X EETH. EREFFTER—FRXFSENETAMTHE, MTRD
B 85, BE N 8, AR BN %
fir = &r - &5

Xt LA AR T,
d _ dbr

d&S
dtaT dt 68 + &r dr

BEBTHESK(4 1L.4)0 FETHEES G LOXAFEEEHMRBERIAALR B

(Br"‘?#}-ES--BP-%ES—?-H(M-ES} =0

& £ AN
d
de
B TRETT or RALME, FRBBIMBIT 65 WA F AKX

d

mﬁs=?-n33—?n-ﬁﬂ {4.1.7)

h EATA, BT 85 MRS WS TREME S o H K ﬁlﬁﬂfﬂﬁﬁﬁﬁﬁﬁjﬁﬁﬁ
BE, (LWL TDHANKRERSA

Gr-({(Vu- -85+ -885-V -ubS) =0

d av dr.
5. = &5 —* 5, —
a0 E‘ax+afaxi

s

412 Z|RS . TRSINERSARESH

(NRRSHOMESE
TEHE R B w0 M VR ST 0 AR AR P R AR L AU AR B A O R (A B, — 3 4 A ol S HE K (E)
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R SIS

-

T TS ES, s—fF el L AR B PR TERIIER, B
§ . §r }-—(u ar}-j;d ar+§u-iar=

'f;: Er+§u Eu-jgd - Br +j£ %: (4.1.9)

iIl &r

b $5 0 = 0 RENEIERBEES.

(2) RATRS kS8
FREM TR o iFMERGARNEARE L K IOMAEFENES, RiEXR 2
B 0y R = 3N

d9n-85 = ¢ .55+ {n. s=
i a5 Y

35—— 88 + § (divu)2- 38 - § ((2- V)u) - 8S =

§(52 + adivu - (- V)u)- 85 (4.1.10)
BlRSERS TSN
T E-REEY e HERT KRS
:ll: wbr —j —fﬁr j{ﬂ-—ﬁr = f [—‘%+¢diw)ﬁf (4.1.11)

HEIGRAR c MRESHES,  XPHESHTE R
%—?-ﬁ@divu =%'f+u-‘~?¢+¢?'n =%, Vo (pu}

dt
iE FH B 66 E B bl e o MR OB S M E AL

%L@ﬂﬁf = L[%% + .div[.fpu}]ﬁ-r = jT -‘Z—I‘?BT + Lqpn_ES (4.1.12)
HFE-FREHa REBRTHEESHY
sl o = [ (% s aiva)or (4.1.13)

A P B e BOY

do | o dive = 98, (. .
d:+ad”u-ax+{" Via+a¥V -u

P ATk, EHIEH
da, dv,  a(va)

AR A A ™
5 ESRHOA (4.1, 13) 56 s 3 B, P R 7, RO 6 3K ar 0 R 40 10 B
STORS 2

=V« (ua)

e =[S o Gofor < S fas rin

T4

Arm— . e - . = o r————



F4E WMEHEREHRY

4.2 HH5H i

4.21 WETFHEHER

ek, B — WA A EY r BB, R OT R b M p M
i &N

m =Ip51‘ (4.2.1)

RERRTEER E-HAREYRREZHSBFAEAK, TRARFEZERATLER

pe|

dl‘i’l d
— - — = 4.2.2
» dtJ‘*pﬁr 0 ( )

BN FRTFEERFER G2 2)HE . Bt EEETE.
4.2.2 BMoERMNEEHESRE

(IRGEANEEETE
ERFEE®R(4.2.2) X EEE RN p HERSHEEIEGRE@ L 12)TT TR

j’T %far +Lpu_as =0 , (4.2.3)

FRERSEANERME B,

(2) B RS HEE

FIRB AR FERE AR, BEERsy
PR Py b BB . BT B, R I AR A
4 R TR R B R AR O A () i S O TR 8
25 18 36 R L L LB S 1 2 () op R B ) B, 6
RO S FR 5 E BT, 50 A s i A1 o R B ) B4l EWENENE
WEREE S 0 RSk G, MUE I S WA SR th RO L 1R O T
BRI AR A R T R TR A R S RO IR G S, AR 4. 1 R

(3) EEE RGP ERY

BARANESE A EODEE L, TUMARHGRREN. ¥ E,(4.2.3) Rk

W (8 - | Lor, ok TEAS R M A, 31 G0 B BLr VTR RO

ROl s RN [ po,8S, BB K S 5 (5 Y B SR MK B, E 9K

FERWEE S BRSO REAR RIEERTEER HARENLF, TRARAH
A ERETR.
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it (& 1=

Wmﬁuﬂmmﬁﬁmm

423 WARRMESERNE

(1SR EREHE
BEERERYGES A8 BEEARM, 84 LIDNARHBBRRLAFTHF, T
B RS AGEEE TR

$+pdivu =0 (4.2.4)

R

%+div[pﬂ!} =0 (4.2.5)
1 MOBREREFROWEER KT WREF - A
il U BT R A B LT A R

i Bl — dive
M4 ) AMEFRANEEESTRE
FEALIEEPEEETR(4.2.5)XRRTHREA

ap , dpu)  lpu,)  dlpw) (4.2.6)
at ax ay 9z T
(3)EREDNERES B |
X T B 0K, =0, MR (4.2, 6) RB AL
alpu,) . a(pu,) . olpu,) _ 0 (4.2.7)

dx ay dz
3 00 5 iz B A O PR TR L A e ) R
(4) A5 0] BE 4R IE ¢ 1Y o A 4 07

AR EAT, 2 =0, (4.2, 7) AR TR MR s 00 MR 0 T

du, dw, 94 (4.2.8)
dx ay dz
FREART EERENEEREXHE, REMBNEE RREMESIPRAE.
(SIMEPEHEHPEREFRE
EHE TR —FE(E4.2) SEPEEREEA A, A, FHEEH U U, THE
ERp e BERBRTEEE A TFEEHS, AEREFEAAITRENREERAESE, A
plh A, =p, UM, {4.2.9)
17
pUA = H ¥ {4.2.10)
A(4.2.10) BRAEETHAKKS, RESHRERERRL L, BEFE AR RED, &
TR RN oB i
B4R
dy T E BB, WOC T 6m = pbr BB R EORE L BD
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BAE REHFBRAHTEHA

i(ﬂﬁf(} = iﬁm =1
TR RRH ¢ AfE—% B A a, 7 LIS L8 F il - e AR

dJP‘PET ‘de'q:Em—J' iﬁm*[?—ﬁm-j‘pﬁ?ﬁr (4,2.11)
!
% padr = fﬂ—ﬁr (4.2.12)
4.3 & 5 H B

431 FREEHREN

MENSRERTUERNEFRFEER » b A BT EETARAEZRR
bW EEGRE M. SiRERREN

%eru&r = J—rpFE-r + Lp.ﬁ.ﬁ {(4.3.1)

AP FEFFMERGERRE - WRR ST RYp, TrftHERKAREGEEH L
B A oA R

4.3.2 #HaEimaIRAE
Mg 1 6) A (4 L 14) A (4. 3. 1) APp R ksh B ooy S8 Y
g-t—j'pnﬁ’r =L —"g—d{d:t}ﬁr + jrpn %Er =

(4.3.2)
d(pu) o alpu
J‘, —%—Er + f'plldwllﬁr = j, —.;%lﬁf + J‘SP:JHHES
¥ ENRATBEENBZES G DA B TFTERS BN RERE
f—P"—aﬂjpuuﬁs-ijanjpss (4.3.3)

4.3.3 WMoEXNNBRAR

(1)iE3hs &
ZARREANA FARRTHEEE®, s RO EY

—I pubr = Jp—ﬁr
il b P )
Lp,as - Ln . P8S = J.Tdi\fpﬁf

AP PREMAKE. TR IBREANERLA(4.3.3)FR
17



Wik

[ [p— _ pF - divP)dr = 0
BErNhERARES b TERE - REER A HRAHE YT, 0

p‘i_': = oF 4 divP ' (4.3.4)

st p SR AT IBE WP pF R BB LRI divP BRI 69 T R

MEE. (4.3 ) REMSHANSDRITE. EFHFHEDHTE.
B R(4.3. 4 KR TRA

p%:pf"i-h% (4.3.5)
() MAmLFERANEDHE
CHAMKEER 2 ARE(4 3.4)£H¢Jiﬁ‘ﬁ#}
p[ﬂ‘. du, du, . ap.,. N ap,, N P
at Az 3y ax  ar  az
du, GIT du, duy Bp Py | Wy
'p(E”"a_* U gyt az)'PF*+ar+ay ax (4.3.6)
s, o, A, 8P, P, P
~pF+u'E;+uT?J:+ ) pF, + 31‘-+ﬂj‘+ﬂz
[3IIEH-I?*ﬁ{hmh-Hmmm}hﬂI:ﬁﬂ
EEENMEESET S EFER AT LS EMNER (e V)eEH
(g Viu = Erad-{;—-l-rntuxu
S P Y B S O R
du _au o _ v
5 _E+{" Vie = P + grad 3 + rot % u
#HERXRRAEHFTE4.3.4)KX. 8
p[—-}srnd—.pmmxu] = pF + divP (4.3.7)

(4.3. ) RN = I8 KB RITEDFE, 7025 8- 5 KAE s b, G T
ﬂﬂ%yM%ﬂEﬁﬁﬂmmxmﬁﬂ?ﬂ&—ﬁmﬁmﬂﬁﬂﬁfﬁﬂn

4.3.4 SHRETBHREA

EREER r b ER— SR HENSS S r ARKEABNEBFRBRE, REND
BEEHTUSANASHRENTAEF FHERAELFR LN AR I HES MR —-SF A
hEZH, TR SGREERHRERN

%J‘rx,ﬂ;&f =Irr x pFér +Lf' x p,BS (4.3.8)

(N RAEXHHREEER
i 4 ah b SR (K LA AV BE RS B0
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FAE RENFEFTEA

%Ir:ﬂpuﬁr = J [r xir;-{;;'.'—}]ﬁf +L{r X pu it )58
#EANRASREEEMRER(4.3.8) A, B TEHSEANhBEEHE
L[r x-a—[';l'"—}]ﬁ—r + L{r x pu u} &S = J'r x pFbr + Lr ®x p &S (4,3.9)

(2) M5 REANSREER
WAEAWE REEHIFAGHFOFE REHEAKENFOE NS ®. #XLE,H
FH AR <P 8 fE o, RS MOE M3k

I IEL (I
mhHE—-BE AW NERKE RSN
Lr xp. &S =Laﬂx,-p*35 = Lsﬁxjpunjﬁs;

a{xjplf} _ 'ﬂ'FH -
0 2580 <l n 2o

j'g,,tph Br + J’ (r x divP)8s
TR GREERHELER(4.3.8)FTLUE R
Ls.ﬁphﬁf = “r X (p%'f - pF - divP) |87
oA EA(4.3.4) PHEMIEAHREETE

famp,,,ar =0 (4.3.10)
FAUFEFEMOE YL, DASHT W HERHREC MG,
Py = Pa {431i}
4.4 fit B #

AARFHFENERHEANSBESIFERETHTR IRETUELHARR HLRER
ARER AR E. HERSRED, RiEmER S ERI DA ERIME. KIENAE
RIEWENSENERE, QFERES TRESWRR STFZRNUEBNT TABRNETE.
HEER MR R, 4T —ERsRETHRE. EAABDLE -Z6. HENSHESSIER
B FESOM MBI, R AR (R ) AT ER R (WA AREEL) W
B R SRS AT A B, SRR A T o R Y B O O Bh AR St R HLLAR P I, AT A B 80
fifE MERAIEFNMEHALESR.

.41 HERTEEE

R rEE RN RO ERS RAER R An SRR, ST B{iHE R EERE R
AR B, LA B A i B ] P B R Oy 0 1 A BT R 20
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it 4 S o

ARG TER-REND S REHR 7,5 MAELRAKEY o VBT BRI
LR NS T mﬁﬂfmwmﬁ@mmﬂmaj[ppqmnmﬁ#ﬁﬁ
AU X -

i“'p{g,ri] J'k—d.5+qud-r+ij udf+jp,, udS (4.4.1)

5 dn

Sk SR o F e SR dS ARR - by [k Tas Mok e R
B, TR, STk m o B 5 6 ) P o ST S 6 A BB 7 P g
SRR [ pgdr Fob g 0 TSI 16 A 00 5 09 2405 SR AR F A

ﬁﬂmﬁﬁﬂm&ﬂﬁfﬂ%uhﬁqh-w?

442 FaEAHERTRE

REVEEBRSTHEESEERR(4 1L 12) L, 85 (4.4 1) P R0 KRN s fE
SRR TR, (4.4. 1)K ER

|5 (E+—]d"'+fpu[£ +%’]d5 -

Lﬁ! 2:&5 + qudr - fpr s udr + J'sp' - uds (4.4.2)
EARBRSEXNERTE.
443 WMAEXNERSRE

(NmaEAmely &
RIEF AR RFEEERSEHMN(4.2.11) X, AEMSIESMBOERIOREE BN

af B+ Thar = [+ F)or
RARAAR (4.4 1) BRI DI | k5 dS W Woh p, - dS P BB 451

¥ ohik@ay m
fk s - jn kVTdS = f ¥« (kVT)dr

Lp,-udﬁ = L(n-P] » udS =Ju

5

K PRMENGHER, W=/ RELMAM4.41)R,8
I'p%(ﬁ'+%:)dfr = [V - (kU T)ar +Ipqdr +Jpr- wdr + [V - (P-u)dr
BEEXTFAEESNBEEANESE, BAYEH - ZEEH . A LB AT RS HE.

e d U
Pag * dt(z

P (Pru)dS = [ V- (P-u)dr

]_v-{kvrj+p¢+pr-n+?-{.ﬂ-u) (4.4.3)
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HeE RikhEEETEA

ERARRATAN R, ERTE44.3) R p SR B BB

p a;( > )ﬁﬂﬁﬁ#ﬁ@ﬁﬁﬂﬁﬁ%ﬂ LV - (RVT) B EBUA S TR HEANRE o

RApEEm S TR MEEEARE,pF - u B80T EE A E RN,
Vo (P ow) RRUEBEAEHH#ND.

MaEAMERTETHKRERS
al p.is
p% +p§£(é—u‘ul]'ai[ jT)+pq + pFu, + (j;; ) (4.4.4)
RIEREFEEAMERARE

ﬁﬁfﬁi‘tﬁ‘]ﬁﬁﬁﬁﬁ& HMAmE R PHIEAN

u—-w-l-u—
o2+, ot

)IE+—{u + u, +u)

ﬂz[ } é"r( E)'* E;(kg] +pg +pluF, +uF +uF) +

(4.4.5)
%Epuu, + Pl *pLu,) + %{p,,u, +pu, +pau) +
Ef_ﬁ;.“. + Py, +pLu,)
(MR ERTEN S — Ml
WA MEER B (4. 4.3) A o B0 KRN E P — WA foR
ap at,
div(P - u) =diviu - P) ——{up,‘,] = u, ﬂ_:g, P'B:t: =
{4.4.6)

Py

&
oo A TPy = - divP + P:§
f

Hep s RAMFFKR 0 REXNHKE ,pa, =00 - divP REHSERTP.S EREERGE

bl 21
#(4.4.6) AR A4.4 )R, 18

p';—‘f +p'c%[%}=div[kmd?] +pq +pF *u + - divP + P;§ (4.4.7)
o 14 WA
;';( “1) oF + u + u - divP (4.4.8)
¥FEL EESRSTRAASRER SR« FOUHB L. B(4.4.8)5UNA44.7)X,8
p3E _ div(kgradT) + pg + P:S (4.4.9)

di
et ARt R ENEEA N, T H TR EHRAMEESANMR SR

ﬂimﬁﬁﬁﬂﬁmﬂﬂﬁiﬁlﬂ (4.4.9) K HTKB|ERN

dE _ a(, aT
p ﬂx[ }+pq+pﬁ,ﬁ (4.4.10)

(4.4.9) REHAMLFRENTERY
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A

HE al/ aff all
tu,——tu, Tty =
ﬂl dx ay az

(12D (k20 (k5
o, du, o,
Pe* P dx TP ey ay ey iz *

(el )l 3

4.5 XK H 7 A

LU R s s B R TE SRR B A A% R A BRIk R 5 3%
NGEE. UHARTHESTEPRAIRAENL NI RELBRAATEASR). M=T
ERHBME— T ESEFBAANAS B FREREHAMN, BT EYVEHA TRFHLL
B, BuRikem ) STREZMBXR, FTUMNETERE S BHE. SEHENNEL 5%
EREZEEXRNOTEEIERTE, REOERTBRBEITEN UFRERES Hk
o

451 "NY4HERHEERE

T RAHNMANEEZMYXR LEHTRTRAWURD . o TE xR
gh, RMEER G N MR A R Z M AR R, ST F Ry gk B aE O K R ()
RER AMNERLIERBERO T L4 EE®R, XERER:

1)E ) R eri ek P EREE SR LS, B T8 1L i B R T

2 ) it ko — LBy RS R R T R AR R A

3) WA & o 4 B B4 A4 BT R DA TE 0 S0 ) R R

4) A EER GG, UHB I FREE R e KRR

B 2) #RE 4)h, 8 TSR

BB 1), AT LA R D TR P 4 AR S 4 18] [R) 4 T ) R AR 4T L B

P=-pl+ P (4.5.1)
A p RMGHFERmE S . LRSS BIELN

P .p:u e - P 0 0 T Ty Tu
p:r p_r_l F:rr = u =-p 0 + T,r T” T {"1. 5. 2:‘
Pau Ppn Po 0 o -r T T Tu

(4.5 NAMKERETR

= - pb, + 1, ' (4.5.3)
EESEN DR 7 R KR, 'EHE.:E Braf PRk, MNiEaie bt RN D5k 7,
BTT XM KR P AT RENEN B -pl.

RREE 2), WL I 7, 5 BB B (CRIBH) S 2 RIS
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F4E RRHFEFHBRL

P e g A e e e it

on,
ax,

R e RAK R AR (4. 5.4) A0TSR ok BRI RIS R RN, HI A

BoBRE RERRANEE, o R UMRE, EH A 3 =81 AR, BRRR, BER
VRS HE BB BT 81 A, WitER IR RS E BB 5 A A 25T, ol U Uk AR HE T A BB )
IR 7 P R A D B0 B R [ B SR

RIEBE 3) WENFEYE, BNEE 4.V REREF EF5 T LHREH
BR, FRH TR RAES . WRGEY b TRESE B R, o 8B o 81 T8RP H 24

B b, BRSO X R B 5, (TR ) R AR o, (B K
i -esyw,),(4.5.4) AR

7, = (4.5.4)

T'f = ‘:uﬂsli - cwgﬂﬂﬁ‘n {41 5. 5‘)
w = ABB, + (8,8, +8,8,) (4.5.6)

AP HA A ﬁ];xﬁ’i‘iﬂliﬁ'ﬁt c,uﬂil"Fﬁ:iHJ;Eﬁﬁiﬁ‘i Tér kil L RMFRA. BT TR

BRI R, BRES £, FTF,(4.5.5) APR_RAF,H

CaiEum®n = 0

FR(4.5.5) LA
Ty = Coufu (4.5.7)
FRBHRMB N GREEREET L. WH(456)LRA(45.7)L, 7
T, = AB Bysy + (8,8, + 8,8,0s,

AT T M7 REHRN,. M EXTE R

T, = Asyby + 2us, (4.5.8)
#(4.5.8) AMA(45.3) X, 8
p; = {-p+ As, )8, + 2us,

Su'=A+gu, LAY

Py =~ Pd, +1ﬂ[s.,- - ;auﬁ )*ﬁ*uﬁ (4.5.9)

Foeh g o b B0 B0 B B R O A D K R RO O R, R R
P B A oK I AR R IR A AT R A L B
ok, au du, )
g = # = divu
ax 63 oz
R R i=ji,5,=3, FR(4.5.9)X%

Pi =- 3-p -I-Qp,{s“. - ‘;H] 'I-:“';.t.'J“

Bp
%(Pn +p, *p,) =-p+pdive (4.5.10)

4 AR T FE 4 ( divee =0) R o’ BRI, W TR o = 0, AR HETR Ik 19 e 0y
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R ks

R R T S5k @R A, B
P =—%{p..+p,, +p.) (4.5.11)

07 4 5007 (B0 S B FE SO AR F 1880 SF 6% — M AUHGE SRt 0. KB FR T MIE DMt
B FE 7 RS 5 4 S B R MR A Y, TR T TR R R i B .

4.5.2 FUERER

ERFEAEE T, f(4.5.9) B3I 8L
py = - pb, -r%:»:[::lj - %s,.ﬁ_f] (4.5.12)
HE R
P =-pf+‘2ul5-%—!divu) (4.5.13)

A LA EAR RN S SR ERRGEER KR LR,
Y AEARN SRR
Poe =P +2ﬂﬂl —-i—y,divu
du 2
Py, =—p+ Ep—y - Ty,dwu

Pa =P +2#-—' -%.udivﬂ
{4.5.14)

P!y= -.ﬂ"(_‘l'_

Py = Pn _F{—+_’

, = = _" + _‘)
Py Ps ,u[ az ay

AT ST AN
p, = — pb, + 2us, . {4.5.15)
#E R
p=-pl+2u8 (4.5.16)
B 7 3 B8 R0 T G O B 2 (R 036 R LT LA AR R0 IR By - kel . S ER K
BOGIEMBEG—-RHE, I LFHERREATNKY LS RE S SR R R 07X
RERHMN, B XEEERHERENENFE( LEHAR) MEeEENT AR T
WAL S LR ZER .

4.6 HEAFEERTEYL

EEH TR SR R RN R, EARETE BT RE A RN
Hh¥REETFTRY .
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T4E REHrEELEE

4.6.1 MoakANEXLIES

(NEAEANHEERE

gD FERSEAMEEFBHD T RS BEK.

—E‘?+div{pﬂ) 0
du .
P =pF 4+ divP
4 dE .
p E:P:S +div( kgradT) +pg

P=-pf +2,u.( 5 —";-Idi.‘l'ﬂ} +u'Mdiva

o =_ﬂﬂ,T]

(FEMTT#)

(EZHETR)
(EHE)

(4.6.1)

(FHWIHE)
(REFE)

MTReTE RETRNY p=pRT. MABAKWEEYH HREL.6.1)Xh 121 BEHA

B AN A RENER o AEFRIEE

B TAHBEMAEE MRS, E TR

EHEERR e, ENp, BEp, RETHENTUAIRp,..0,0PurPay PP B 12 T RAH

(2)kMEAHERFEBE
WA AN RE (2.7 1) AMEREAR

(ap . alpu,) _ 0
at  dx,
du, ap
—L = pF, +

Pay TP g

{4E _ o aT
P de -P“SF'*ax,['&

=_PEE +2ﬂ,(5|',

P = flp,T)
(B EERANEEH BE

a—:ll+ﬂfi

(4.6.2)

- ;—suﬁ,‘,) + g5, 8,

WARANBETBAT FHFBHE TR AKRP ATRHEKE S ZRAMEE.
TUFHBFSFEGZs FRAREFBEPHE KR P HE ARZUERETKE S HE

L.y
B HEE, .‘a‘J?Eﬂ:ﬂfl KI divP R
1'; [ po,; + Zp[ “Hﬁ‘ﬁ) +F-"’u5.,] =
jx [2“{ "uﬁ ” (-F“uﬁ'u) = (4.6.3)
TR TN T
FR EDHETUSE NERBR
p% = pF - gradp - %Fﬂd{#divu) + div(2uS) + grad(p diva) (4.6.4)
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Hifx hz

Y p= ¥, (4.6.3) R P
s, s )] = u 22 2)-u (2a) -

i
( du, | o' )_ i[ 2 ang] .
dx.dx,  ax,dx, ax,

3 ax,
PSS NI YN
dxdx, 3 dxdx; oxdx; 3 dx,

BERARA(46.3)30, Hu' =00 ,(4.6.3)XFRN
divP = - 9P m[ﬂ 1 2)

o=, dx,x, ¥ 3 ax,
Yup=FHHHx =060 8% EXRAZTHFE, S F#(4.6.4) 5%
p‘:'—': = pF - gradp + uAm +—;-—y_gmd{divu} (4.6.5)
B B K AR

o, - ) e 460
H, - ps,, = - pdivu 42 B B B o P R I R h R e oh
{348, - 3| =205 - S divi)® RAGHERL S AR U

sy =g (diva)® PR BURB I B R 1 1K D3 SR ) SRBE SO DL IR BE .
(4.6.6) AR R A TR M zh , T LA FER G 3 @ Em, B

o 2 . 1 l 1
@ = 2u8:.S '-Tpfdlvﬂ}z = h[si + &+ 8 +?fﬁ +?9§ +‘i—3;]'

2 F : F
?,u{s, + 8, +&, +28,8, + 28,8, +28,8,) =

»
w8 + 8 +8) + ?p{'lsf +2e; + 28, + 28,6, + 26,8, +28,8,) =

w( 8 +6:6;) +%ﬂ[(s. ~ &) * (&, ~£,)" + (&5 -5, ) 8] (4.6.7)

B ES ¢ F#mERHIEN I E R ERENILRE, XV NMELTEL AR R
PAAEEE. B8 RERFTERIENKEZN (s, =65, =8, =0,=0, =8, =0) KFEEFMH
PR ERR (o) =6, =6,,6, =0, =0, =0) HMEYR € =0,k FR 3 RELH VLBER
o HEBEK @ IA4.6.6) 30, 5L A KB T R7 Ky

P85 = - pdive + ¢ +p:.'{di1ru}! (4.6.8)
EWEENERET (0 =0), BTN
P.S5 = - pdivu + @ (4.6, 9)
H(46 9N AFRHAG 6. DAPHERIE,.B
p% + pdive = @ + div(kgradT) + pq (4.6,10)

B6



F4E GEHFEETRE

HoA B (4. 6. 1) AP RS FER

pive <28 -3

Bt A B (4. 6. 10) k8N

P%+pdivu:p(%+.ﬂ%) & d{l)]

=p a "'P‘é; F

BER ¥ XER

Tds = dE + pdV = dE +Pd(L)

i
A
pi—f + pdiva = pT%

TR ERFTEA.6.10) XAFTE R

pT% = @ + div( kgradT) + pg {(4.6.11)

EREW, RN EESEEONEE, LU AR TRES AR RABIEE S ARES
MR, (MR PR A R R D

L' =0, I EHE(4.6.4)XE(4.6.5) A, REERTE(4. 6. 1), i AR H
A5 R A(4.6.1) R E T N T Al AR A0 A 005 7 B .

(92 . & =
2% + dl\f{plﬁ] 0)

diz . 2 .
py, - pF — gradp + 2div{uS) - ?gmd{pdwﬂ}

de _ p - B - -
-:ﬂ;pdf- = pF —gradp + pAu + 3 grad(diva) (p = H#) (4.6.12)

p?"% = @ + div{ kgradT) + pq

P =-pl+2s - é—fdi\ru]

P =flp. T}
EREMMERR S BRMERARS VEH, R 2T RAKAHATEL. FHEE
HrE Es R ERTRMREFE TUREEERE « EHp B BETF6 1
FEB. T o, .0, P 0 B PATRHASREET R w MIED p WEK AR IKE P
ALK, Mp=HW¥Ap =08, BEERSHEHA4.6.12) PSS HEANZIU(L.6.5)09
. APHBEN @ H(4.6.7)XME;LAKRE PN

: au, 1 .. ) du, au,) du,  ou, R
=-p+ —_—— s —_— ——
P ?ﬁ( a3 diva # iy * dx # Az dx
du an du 1 du,  du
P = (_r *] -p+2 (_'___.,1- ) (_= _*]
# iy ¥ ax P # &y 3 v # ay * a
du o du du du, 1
w5+ %) (5+%2)  -pe( 5 - i)
" oz ax # dy * ar ptip FH 3 e
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ik 1

() RETTERIRRENOEERS T RA
o= WHCEBIIE) TR G FH K (o = 580 MR AN S B AN
[ diva = 0

d
Pd—': = pF — gradp + plru)

) 4 (4.6.13)
pTﬁ = @ + div(kgradT) + pg

| P = - pl +2uS

(S BERENEEMSHRE

BESNERERARN IR EHATEERENEE I FBES
%‘? + divee = 0

1,9‘;—': = pF - gradp | (4.6.14)

LA
m(,f] =0
MTREATEFSRKE, REMOFBRAR

dp +divae = 0
ot

4 (4.6.15)
p'd—': = pF - gradp
(6) MR TR FE

MREEMS T BRAL.6.15) FEHHFENRENNT . KELTFEERES. EH2R
WESS 1 601

/.

oF. ax 0

! p.r,,-g!; =0 (4.6.16)
_9p

PF, oz 0

(7 EExWSAREEARLFERPHES
HNEXANEXM ST FRAG. 6. DAEEALHEPHREA S

EEHH R, %, ”’;:*] + ‘”‘;;‘f?’ ' *”::-’ =0 (4.6, 170)
EHHE, +p% =pF,_%+a§T“+‘E’T" +%’ (4.6.17b)
p%li-‘- =th—%’£+?—:+%+%

BB, p?‘% = m+%{¢§ +-%ai; kg—y +£;(k:—:)+pq (4.6.17¢)

FHFB(EADSHEHRER)
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BAE RMENFEXFEY

p., = (-:":: u ”
P, =-p+ 2#[ a" a" ]]
- - _r _1__ y
)= P -3(:: I;' E)] (4.6.17d)
Per ﬂu)
pen(2 20
o = (52 + 32)
RETB(TESE) .
KM E Y Pt e
2 fou, du, du, du du,\”
““"T’*’}:*a‘ R (a,) (5
TG 5 oG (e )]

(8) I*lﬁﬁﬂﬁfﬂimiiﬁﬁ RRER
MNEXMBEEFMT T BEA.6. ) AETFLELFERPHER Y

) @ dpH,Hyu, )  8(pH,H u,) d(pH H,yu,) =
2 A R J=0  (a.6.180)
BRI R

du, o It aH, o Mt aH, u; oH, ul ﬂH,) _
de  HH, a‘h H\H, 8q, HH, dq, HH o,

pF, +

d d
HH H fH Hp,) + ql{HSHIPII} +E{H|H1Psl} +

P 0H, N P fﬂ _ _P=n aif, _ Pn aH,

H H, aq, H,H, 3q, HH, 3q, H,H, g,

p{di ot i, L Mt aH, _ u; EI'H, u1 EH
d¢  H H, aq, H,H, 3q, HH, 'ﬂ‘h H H, a‘h

N o @
pF, + H.HIH;[W.{H’H’P“J * e (HHop,) +E(HIH1FH} +  (4.6.18b)

p: of, . P ﬂ_fﬁ _ Pn 9H, _ _Pu aH,

H H, aq, H.H, 39, H,H, 3q, H H, aq,

P(ﬂ;,_ , Lu, 8, L Maty OH, u, oH, ul aH’)
H.H &g, H,H, 3q, H,H, aq, H H, aq,

]
pE, + HHZH,[ (H,Hypy, ) + NI{HJHIPB] "'E(H.Htp,,} +
P 3H3 Pz a_-Hj Pi ﬂHt P &H!

& - -
HH, aq, H,H, 39q, H,H a8q, HH, aq,
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bRk

Al gt R
dt H H H, ﬁ'
AR + pg (4.6.18¢)
o\, ot 8 (HH, o7
dy, H, ~ 8q, dg.\ H,  dq,
AWMFR(ENSHNERRFREL):
[ 1 BH; u, oH, u, of, 1
=-p+lpf - - —diva
P]l H ﬂq] J‘rl-'hl-1 a‘]’: H|H3 aq! 3
_ +2,t.r.[ 1 "3“1 u, daff, L aH, ——I-divn
om0 H, dq. Hi”j dq. H\H, oq, 3
1 auj L, BHJ Lig -ﬂ‘Ha .
P ='P"'2.ﬂ[——+ — = —diva
\ 3, " W g, e (4. 6. 18d)
P = #[ ] a‘“l + 1 a"i Uy _il{f_l _ 1y 'ﬂ'_Hz]
: H, 89, H, 39, HH, s, HH,
o LB L0 3w aH)
” H; aq, H, dq, H.H, dq, H‘:Ha aq,
Iy = P(-L-ai + ..l—a“] - ot '&Hﬁ _ u, aﬂj)
o H, aq, H, 8q, H.H, dq, H,H, agq,
REHR (L) |
p=flp,T) {4.6.18e)

WHAFRAREEELNEERSIRAEZLGRFHELM T THRERN (4. 6. 18a)
~(4.6. 18e) &, AT UFIE HBE M4 FBATEELFERPHBEAMRLIERPHEL.

4.6.2 BMAEANEBENES

SRS H bk A R, B R R AR AT BERAEA N FEB, RaEKL
mREF T BRAR AR

J, %dr + [ pr.ds = 0

j' a—{‘;:ﬂdr + L,w,uds - erFﬂf + Lp.ds
[ 2o(2+%)]or + [ pufE 5 )s =
.Lpf ~udr + [ p, - uds +L;¢ z_::ds + | padr (4.6.19)

f [r ® ﬂ;‘&}]ﬁr + L{r x pu u)bS = Lr x pF&r + Lr x p &S

P=-pl +2,u,[5 - %di\ru)

p = flp.T)
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4T REDEELTEY

463 FMBFEENLREH

WD FREFTRAPRTHE KB EG Wiz, AL, EREZFTRHARES — 1
AP RHETREMNEDIRES  CLALEREEZHENBEFNLRESE. AHELSSE
W i Z B 1) 0 4 VA 0 R AR RO I T L 2 A0 2 R 400 o 4 2 B0 B9 M B oR L, A T 2K
BEAEFFHASR T HR.

(1} #nsh &t

MAEE M 2 (1=, ) ERTHRE LR IE SO0 54,68

ENEN:)

uir,t) =u,(r}).plr) =p,r),plr,t) =p,(r) T(r,e) = T,(r) (4.6.20)
P u(r) po(r),po(r) T (r) Bl ERE NG AQOEE . FH EEMEE, ©RE
MENCHEY.

(2) &% ’

REASAREROBEARERMEZINLRAEN. ATHRIANREREHN, BT
LI R AR SR 2R, 3 8 (UHE o o 0 G0 sh A1 B A 3 26 S8 2 89 3 f54
RFAF BN T AR EAREE LR RAN AL @R RS,

K EeAR FHTLUE R

2 r—ee i,

U =u, . p=pop=p.d=1T, (4.6.21)
HPu, popo TR RMEELFEAMESE EH FENRE . CTNHRSENE TS
. WRXHEL . EERAASARBRXENRBLUEN B r BTEXHF K(r—= ), o
P |, X o B AR R i shil L ¥ B AT AL il R AR 1 Sl b BB AT GE 4B 06 JE R o o) BE 00
B Bl R RO Rk B 5] A, 2 R R K AT IR R b L, R I R 9T
&b i ¥ A% (4. 6.21 ) K. :

kS EEemRE ORRE, ERENNENEEEDURRMG. WRATHE»
A7 B i, R 2, B R RE EA R R AT LIS X,

u:u',T=T“.[kg]=(Ez—:‘) (4.6.22)

b u,, T, (kg) 5590 02 ) A T 3 U A A AR L 24 R A

TR EN &, =0, AW EN R REER.
_ _ aTy _ (.8
u = u, _II},T_T,,[,&E)-(.&E' (4.6.23)

Kb u=u, =0 FAHARELRB RN R XEHERAER SN EEEE. o
Rtk REARE AEEERARKENY.
W =u, (4.6.24)
SUke @R TR SRS, WRENRE D AELSIENE SR
Ri B, SER LA L ZS AT, AHFRTHES KN TREERAREN g HE.
BRREEEANG MBASEAREp, WEAXSEMMBEER &0 B dmaNRiER
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Wik ¥

P=Doo
3 A

4.1 FEERES P, ~BURARAARNMTREFRNRBEEHS N 8o M ba,.

e REXERFPOFRER REETRE T EHRBLN i fr e

4.2 PEAEEREER, — Bk o PR OR A 4 A Y T I R B R T R BRLAY B M 8o,
o, - HaBELEREPHNRERY, REAERTE T ENERSHHESE.

4.3 RANBHEARSAESTUSPAERTHEZESTE,

4.4 B FERRIU AR MM kR S E U B AETRERR T - MREL:

(BSFERPHERETE,

(OB EBRPHERE TR,

4,5 ERHTH-BHAERSELHEE AEFRAMRENERIIA SN, 0
F 5,80 5, MR EWME R S, @&l S, .5, S HQEMREEEREN V. MEE viERERE
SFHEE®R, R

(1) —MHER s R RTFEERGEEREL;

() A ESHEER RSN AR TFEERAPEREIL,;

(3) A AT FE 48 (R sh ) S SF AR E R BER B

4.6 ] EGE MR SHTE o 7 T BGRE BE Sr IODR L2 B R EE A

u, = ax’ + by

Hha 50 N8, %y=0,u =08, Ry FosiETE.

4.7 SAKMETH ER AT ES RS« b A EE RN

u, = & "coshy +1

Yy=0,u =00 Ky FEWEESE.

4.8 ¥ F ok oY i R sh B T LR AT HE S PR Sk .

(1)u, =x,u, =y,u, =2;

(2)u, =y2t,u, =xzt,u, =x);

(3w, =25" +7,u, =2y" +z,u,= —4(x +y)a+ay;

_ 2xyz (¥ =y

(4)u, = _(:x! +yz:|z*“f = (x +y1:|11“4 —IT_I_L!*:*

4.9 RIFEATERAERS P, HERT FIIEEHR:

(1) F#E LK BRER

(2)MEFSEREP=EREX.

4.10 ERRBHERAESERREHRREEH R ESTR.

411 ERREASEAKETHFERR TRAERPHNEHTE:

(DBEALERERRMES R

() HELERRNES HTR:

(I BeER RN EHNTE.
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MW WEHEREHTRA

412 EREMFEN A MRMENR MW ERERE A LRHSE, DRRE R
i )2 fe A TR AF T masER

9 g -
m{p.l_] + as{pﬂu} =0

AP REE s BT MME.
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%5?

R 2 .

G RN B TR 5 A 3 4 R U sl B P B VL RE T LA R R e Ao i
<P R A, 0 PR O O A, X R RS R AT S R S R o B0 2 R L AR
. AREIOR TR B0 2 HTE WS 0 A AT AL I A AR b M T M T S

EfERERSTFERERRNAN, A TETRIARDGEFEENEN SR AR
EEER AFSEN TELRPE AR BRSNS EO M. BT E R R
Rt a kg N, RENRETBEAREXNB S TE. NRBRSHD T EEENRE
i L o3& Mo Ak, B RO O B AY BLShE B T R FD T R AR B 4k ; R R O R a0 e
FOR AT R HE , 7 B o AL A0 o OB S a9 B R th 3 LU 4k

3] P e 7 PR A TR R R O A R S T A O i PT LU {ER
8 B i s S W) e Bk ERIE LEPRR) EiEH.

5.1 WIS E B — MR

51,1 REdHmEEmL®

(LEwEnEsEE

e it ¢ 9 Bh R e o R R ST R 5 O R R IR AR L TE 5 < ik R OB S 2 (R £ O R T 3
€ .3 B 5 A AR O T, 98 6 R 09 B A R ERR O B

B 4 PR B ) 6 S IR AT R DO T LUE B IR, 1B R — 2 S B IR T R
AN ST T o AR e R ARk . o R B A O U R R R BE AL Y, BT S
R R AR NTRAR. AERATLEL RS E, B hst b .

TE HE 45 =P 1 9 0 (805 = 161 U, A0 P 46 0 o 7 LR o, — B R R
feegsh A F R AR A RE W E, fFRTE 6 ok L8R4 o 58 B il o PR FH e e
PP R S R TE Rt LAY 2 0 oy, BB B 4 T T T L 43 £ R TE 4 O
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®5E WA TEREIIEH

(2)FEREN-RRE

45 5 5 B0 0 0 28 ) 1 S, O ST 4 SRR BB AT U ER A it ST AR IR O LU - Rk b

SRR R R R ) R, §F T URHE 8l oW A R
BESHEHPHENEEZE,

T RN — B RAE T REE A

($FOE 8 AL E) = (FHIERMBAESE) - (FFERABHES)

MAEWkREHE®, RKERETHERE SRTEAENBTEES HAUFE

FEL WL EE X FRENEARE.

5.2 EERHERE

(1) EEk-FERE2
76 L 4 P OBl — S O 0RO R RN A, KB o B 4.2 WAL EE— BT R R
~F 5 R A E RN

drm

d
5= affpﬁ,, =0 (5.1.1)

HaEAnEgErgs
jr—;‘fsr +Lpa,as =0 (5.1.2)
(2) —BRDMHELET B 2
T AE®EERNEFE, e — Rz p T ' r________._.---n—ip—p;r
HHE, ERETER-BABRKRE, REERT P E 2

—HE R, A 5.1 BR, ERE R <, RIEER « !
) FWriiah B 1 -1 LAY BN A, K EE N p, W WS L R — R
jH 2-2 ﬂﬂmﬂj‘ij A::ﬂimggﬁ Paa ﬁmﬁﬁﬁﬁmﬁgﬂﬁﬁ 1 -l\ﬁﬁz -2 ﬁﬁﬁji*‘
AL,

ERAARERT 1 -1 PR EN U, HHBE2 -2 WERAS U, BIBFETE
TE # , 0 Gr e 1] g 8 A R HE R (R A T B 2 B, T R D B 1A A i R 4K PR BT & W 1 1
B

3| pov
at
R VREHENES. PR BRAMERETE,

5.1.3 fERrERE .

EFGRES RSP RENER EERANNMEMAE. AERAEKASHESRE,. &
EoTRESHER. T TFZENEENT FANSSE. ARERKNRE E-ERET
PIBER —E ).

il 0 T 15 02 % o8 3 . I P A0 P B R M 2 4 6 BUN R BICIE R, 3 T R iz e ] 1Y 1o 7R
PREELf 3 0 R R, A B B e 1] P O R 0 R D R A D

W PR —RE N S WREER V.S M RRRIRER a2, RPEUHKBRENA
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Hitk 1%

B B, AT RSN U2, WEB VR R0 MR [ p(E + U'/2)dV el
fEERATLER.

]
%Jr"(f"*%)dv =Lk%§d5+fvwdh (5.1.4)

Ipf"-ndr +jp_ » udS
Soets, By A AL S 6 AMEBLr RBOIRIY [ 2Las E BIE S R A,
TR, T/ an L o 750016 BEH 0 LA nd ok i T3 SRICIB BB 15 AR H 7 PR
SB[ podr g 2 T AT LI T fér AL IR B it 4 08 0 A5 RN ) F RO )

p. BT 490 j oF « udr §l Lp, - udS .
BARA kR RS

f,%[ﬂ{ﬁ + E;”'i"' + Lpu.(E + [’;]ds -

L.': j—:ds N qudr + [ pF < Udr + [ p, - uds

L 12w, MRMERBDRAEDEE MARE S H, 77 L2 %R
— Y, REMNEERT BAXHAERRREE.F
TEENSHRADES, ARBRERTE, MRS
HEREN, AR ESTHMBEN. WA S 2 Fx,
o BAhIA MRS, KAV RS G 6. ERE

(5.1.5)

[2

o e, EEX —-HMEFNECENEREIEEBSEH
an TE.H
. ,+"‘_1+ﬂ- P G (5.1.6)
0 T . &z, o 2 = B P 2 « L

H52 WmARKNNMBEN 5.1.4 BHEGEES

(1) THNEH—MRE

Wik sh BB E AR, B FERAERK LA A0 RER. TR H &R W E
ik HRTERAN—MBRERLFREBL N

(FERATRBMENNHEH) = CRint e &R ks R NE) + (RO E R M
PR AR R B ) - (BAGad (] P B R R A R RS )

(2) sk FHEHNE

ER—EBR VRE, H RN S, RIEMERGAR EORRD S HENR F.IER
ERUTMMENEHAHEES p, S RTHEHFEER

%jvpuﬁi’ = [ pFBV + [ p.8S (5.1.7)

BakinsRiEN
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BSE  fiikishTERE RN

frﬂa;ﬂw + J.?pu,LHBS = LpFatr + Lp_ﬁ."? (5.1.8)
3 HREER
FR—SANESTE r AREESDEY SRR N REERN
%erpnﬁl?:J_rprEF+JrﬁanS (5.1.9)
Ao rMsRETESN

M’ x**_[;&]ahjsuxpu_um = erpFEF +Lr>¢p,55 (5.1.10)

(4)— R R RS :

RA— UK « MR WRER ORI | Pt
Ao, B 5.3 B, WE -1 BRERN A REREN U, a5 [5 R
AR p R 2 -2 SREBN A, HHERE R U, BN, *ﬁiq;ﬁ
FREER LRSS B8 1T x TR0 N, B «
W 10030 1 T R

pA, - pA, = F, +J jpgdcomdx =
|

Hs3 EHOFER

(5.1.11)
(P4 U, - (iU, + 5 "pUAdx

MRREWHKS, B a=n/2, WEES « MLLAEATEA, (5 1.11)RNER

pA, —p A, - F, = (pA U, - (pA,U;) U, (5.1.12)
ELENAFP . ST RABE AEENEEPRTSME. KRR, 8 fhMm L8
HEEEEAH HTHREFANSENRESASNREERS S BEERM SIRBER
¥p=43;FERLE HBRRERME=1.

52 —HAESENFRRAKLER

T8 o R A B % 90— 4 5 0 A 9 A A 1T 0 3 30
v X ETRHMHEE SHE, ERRE R EEN— 2R
EMEREFERBXE., b —ERIIMFEEFTRALL
iR a] MR E AR B0 — R E TR,

521 #ERERNERE

HTPRENFE SR O LERMEEAMS, A
5.4 fim. TRHN W P EAOELhREE S
M54 EAREAE 75 , B

A

.

Jud.l

- (5.2.1)

U= )




i Sk

e

A UESEEOPEER A RREER, « REE CAORE S, LR OFYEE L
WELHEES G EEMER LRSS, @R LFSEE U MR EER A fRAK SRR
L Q.8

0 = UA (5.2.2)
ERWE SR E RS R W,
W = pUA (5.2.3)

522 —HESMLRE
SEWWBES (5. 1.3) XAWAT B8] —BEFRhEEEy#

p A = p,U A, (5.2.4)
MER o TEATAN . A LA BA EEEEE a0 S TR
U,A, = UA, (5.2.5)
523 —HEREAENEA
(1)RBEREN KN
@ KMER AL E S5 WrRmEEkE., ETEOHET A, =

AN 0.02m’ , X WO MBE A, =0.05m°, N XE@H HOKE KRS
L L@ STkys, X B @R B KB Y 0.03m /s, 61 S B DR R K
B0 BN U, =3m/e, S HAR MR L 69K W B2 5T , K B 95

HEH p =1 000kg/m’ ik SR A 3 W CORL 0, /61 3% 4 B0 K WA U,
BEFHBENE WA, KHEERRIBTER, BBER
@ HHE(S5.2.4) B ERERLAM LA KREREONT, &

s kErmeans BES OXTORANFERERY
W, =pA U, =1000 x0,02 x 3kg/s = 60kg/s

M3 B L B R i K
W, = pA,U, = 5Tkg/s
M % W@ A R o K
W, = pA U, =pQ, = 1000 x0.03kg/s = 30kg/s

A5 68 0 10 < 4E (R, M SC O (DAL R 0 O LH ) O O
Wy =pA,U, = W, + W, - W, = 60kg/s + 30kg/s - 5Tkg/s = 33kg/s
TR 23] AA ST 4b 8 A K R M
U, = W,/(pA,) = [33/(1000 x 0.05) |m/s = 0.66m/s.

(2) EE -h R0 1 1 i

TEAFELN 0.05m’ B RE 4 7, B 4 801 HE 77 % 800KPa JRAE M 1SC 255, M@ =0
B, 2 AR AY 65mm’ B RRFLAK ), BE BT RO E 24 311m/s SEHE K 6. 13kg/m’ . (B2 il
AHAS R LERERG N, KE S SN R (c=0) 5l A SES F o8
EEE,

FE 5.6 PRy b RS VidERIE. 2= UM BETLHEE G B, 8 A R
HEOPAARZEFTREAEATIURRM TR, HFHSSXHEFERN U, , FE R p,, KA
)

. T m T E——T——— s



B & JAkW TR

BEEH A, REEEN TR 1A

ﬂ[vde
ot
ERASEEE ) RHSOMN, 5 VEX UEE, SERENER,
A EAWE N

= - po Uy

apV
_';:T = = pelisAq 5.6 Y a3

KpEEAEMER YV 5SHEEXX, TR

F% == Plun“‘n
BN

dp _ _Polods

a V

W LRI A B, 185 =0 B R A TR E B BRI RN

6.13 x 311 x 2.

dp| Pl 10 N .
dat | =0 ¥ 0. 05 kg/(m” - s) 2. 4Bkg/(m" - s)

FIT 18 45 R 2 W il il 19 U o R A (R T s

53 HEAFREANA

0 R M B B BT P R DO ARER S ), T A s AR 1, R A R TR A X R
EREREE AT ESHSHRDRE HABRETE, HIHRENEREN, TR
MATOURABEN . KR FHETIREENORRFBRANAFE. £FTESTRE
WEF.ARAFBRREDFENS -BINARKER TAAKAMNSFRERMABRCREDR
A ERENRE N EP QSR EERA.

531 ASEHRASRULEMARS
101 5 3 {4 I FE ) EL R 0 A, )

-;—gradp = gradll,F = - grad V (5.3.1)

K ESHB I = jﬂ% TRER OB,

WA ERGEH AR NERT LEHFREENRIAME TRIFAAEARS:
EXEBERER TR AN RS, IFPERREFTRIAME B0 TLIHEE
SHBARKER N HPHMETHNBERTE.

(1) 23-MPRAEANEBEHTE

EEREGEHTEY



L& %

du

Py = PF - gradp (5.3.2)
BRGSO R AL R, A AT LS %
{u-?}u:pad£+rotuxu (5.3.3)

2

b SR 07 001 FE 43 FF S A BB 4 FOIRBERE A . W (5.3. ) RRABHHB(5.3.2) X, W
FlEAREZN-RYRAEANEs R

p(g—tfgrad%+mmxn)=pf?—gmdp (5.3.4)
0 S 5 4 TR LB A 4 M4 (5. 3. 1) RAUA (S, 3. 4) 5, 18 ) 8 48 IF FE 3 (K BTG #

RBMEHHEA

F
g-rgmd("?-pﬂ-q-f’}-l-mwxu:ﬂ (5.3.5)

(2} 18 8 # ( Bernoulli) B4}
BETERKBRERNES ,Eﬂtﬁﬁjz—': =0 R FEHHF(S5.3.5) 2

F
gmd(f‘z—+ﬂ"+i’J+mtuxu=ﬂ (5.3.6)

SR ¢ HRAQ KRS
u
w

(5.3, 6) AP 2T Nkl K it s fEMAR. 8

¥ =

s-grad(“?z+n+?)+%-mmxu=n (5.3.7)
B
au
5[?+i’+ﬂ')=ﬂ'
B4r, 18

SV = (5.3.8)

AP C(y) RBSHRYER - HFBE ¢ RE—H8H, ERFRRSEETURFROE.
(5.3.8) XB N BEHBES.

(3) 5 K83 B4
BREERGHERNED EHHBEERNS o =0 MR FATHER o
# = grade (5.3.9)
#5399 ARAEHHB(5.3.5)L,8
E‘E—g‘i;i‘e+gmd(u?1+ﬂ+i?}=ﬂ (5.3.10)
A

dgrade _ grad g
ot at
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HS5E Wbk sherE R A

F£.(5.3.10) L& H

Ernd(%:f+%=+ﬂ+i’):ﬂ {5.3.11)
Ba.18
%+§+?+H=ﬂﬂ (5.3.12)

FHANRAAREEREHHE : HERHEN. S TE—20 /) EE T REPRE X
fl. (5.3 12)XH e d .

(4} {8 H - B RS

MEMEA SR ERN, W RS (5.3, 12) AW ERASH-R0AE RS

2
“T+i>‘+n=c (5.3.13)

EAESHRSRAAARANER. FARIHY CERTREHRE — K ¥, A SR
Shep RS MM C(¢) HIER — Rk HIBF — B 8, 76 R R Lo LIRAFR

(5 ) A 8 0% O [ 0 R4 ) R BB RO R 5

Xt F R A0 o R RN EAMERAXRY

J% = & () (5.3.14)
p
TR
L _ s (5.3.15)
g
EH RN
_(dp _ (9()dp _ A, 2
H-IP*J p'r —&fﬁjl-l,"’?_?-lp (5.3.16)

# L E S KRB AR B ASNSAE TR
ul 2
2+ff+y-1p = C{) (5.3.17)

LR RSN RERECBHANE T
ImREME, EAER

u Y P _
2t i = C(y) (5.3.18)
LEABEN EEMEEKRTERX.
532 fREFSHE
(1)aERLE
Xt TR AT EE R, ) 8 e D B B
n:f—*ii"—:i,ﬁ:gx (5.3.19)
plp) p
BEMEFTUEN

2

2 oia+ =) (5.3.20)
2 p
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BEH-E B BTSN

%i-l-g:-b%:ﬂ' {5.3.21)

(5.3.20) M5 3. 20) ABHEBH AR, 53200 ARMERARESNE HM HES#
W C(y) ATER—FME b A TRE — W B (5.3.21) R SER TLNEE 35 H oy, LB
WC SRR — 5.

RIAFHTENSEELNLAEY

BFFHR(5.3.20) BAEEFRERBUAR, ENESTARAMQTERASIE DEHEHE,
ANBAFRC(P) R EER(GEE PDENEAMMYSRDERSE Lo,

CLTE Ay hn i B g B8 #R(5. 3. 20) p A8

2
L .
2¢ +z +pg = Gr{ﬂf} (5.3.22)

* : wn PR KERA. (5 3.22) Rpg LT E X
v v AR ST, (5.3.22) KA LRI
e e RRERTLMRATIA £33 Mk 0 R
S s - RO PR S WL R RS R A
\j\t\ T 0 B0 L9 O O £ 9k 5 98 5 00
[ i He FHROE G _EFE 1 p 0 BOMEE FE A1 06 B R

VAT hk. REASHYEG.3.22) R, BE L R

. SR EE 13k = % 2 R0 AR R AR, BE A 44 Ak oL 48
(HBBE) B — KT, METER S PR — &

4,5 RE 57, MAEESLKTEMmAREN r. MIRLE 5 IT 081 - &R TR W
p/pe MILEL FE RSB L ME B AT AR ARMOME, BAENR LS ST, B L RK

MBS U2 HEER, EESE M3 EAKE(BR).,
R A L E e SRS 3. 22) AR

= C] -5- +

LABHTEEMENZMBRE, (5.3.23) R R0, J ¥R H EH D, &5
Ej]iﬂ

533 @BHAENEA VA &
]
(1) NFL U =
BRKOKEBREFE— DA B ILPLE S
MK AN A WE S8 Bim. KWAMLEEBEAR Loy

o, R RATR U, o

KA W A A BOBE Y U, K AR
/L B BT RARE K AUE p fERl. R BEE S
WM KT AR 2, L B BRI z,.
@t/ B ROMR BB K A &, WP & W38 AR
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HSHE O B 1 IR B A A

I ERAFRFRNY
EZ, +~FII—'-|-Elri =g:,+i—‘+%i
NRGEBEEEY S, MLOREEREY S, BRIEESEF B, A S5,U, =5,U,. 5T S, >
5., B U<V, ASHFBRS U2 5 U2 HETLLER. TR,
Uy =./28(2, = 24) =/ 2gh (5.3.24)
AR T B AR AR 26 R, B0 A 000 2 AT LUHR O o MR L , B A B Al
D EREEEMMIE, (53.20) REHRKATROHLR,

(2)ERES — =
USSR RAR ER Y V. SREE KRR, ——

M 5.9 Bk, SHSHG, EHENH DL o bW L RT, 0 KW .
%

MaE s SRS p RAHAED . BT RERSIHIRES M

BESHHRp.E V.o —
Sl o MRy, WAHSHIR, ERELA Ms59 LEMAED
P, Fa 1 1
PR +-2*V1. B opo=p. t5pVe  (5.3.25)

b p HHBE LV 2 BRBHE, HAEH p, BREE, BERAREMGEZRM,
(3)EEAESHEE
g h(m) B9, T KSR p, EHERERBENRKRIEHEES o, HE
WA B Y p, B S 10FR. FERESHAEMED, RHFRESERBEANR
b 48
LUMEE Tk EiEiE e o—0 mBAEG,. £ — I REAal - ITREZAIEFA Y
B
p.+ghp, Ui _p. +glh - h)p, +-I£+h,g
P, 2 P, 2
B U,<U,, EXEEA
p, + ghp, :P.+5Eﬁ-ﬁ:}p.+ﬁ ‘h,
p, P,

S5 10 fiiE Bs511 KERK®E
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e b PT84 B P AR U
U = [28hp, - p)
P p.

(4) K RWATHE

e s 11 R, Ak E kg R K. RARKEENS . BN 42m’/h, BH M
ik iM%k % 19Nm/ kg,z, =2m,z, = 18m , KHEE K p =1 000kg/m’ , HiM 4% H $94. Smm,
ERmMI A2 ZAMNMASHFRE(EREI M2 ZERERER L, )
' P Uf F U:

| “;'F:’S*T:FF*'IJ*'?"‘M”
EREMIMIZEFAFHNHTB(ABRMI M ZEHRERAEN L, )
Uy _ P UL
'i_'—'vl+:3g+?!I =P;'+x“g' +T+h'r"“

BTWKEMEKNNEKOREESB I ERERLER /R TN 3, ~z2,. HIE
FEARLAK KR EE U, ~0. ¥ EF| (A5 5 7 &M, 18§
Ui _p Ui p Ui
i—.+1lg+§'+? =%+?+%+z4g +T+ Ehf
ﬁl’-‘f‘l Ehf = h’-ﬁz +ﬁ.-"!4°'
WAE A TR Q=46/3 600(m’/s) , KB FHKERER A, =0. 094 5'n/4(m’) , K F & E
A

-0 _ 46 4 = 1. 66m/
Ve = 4. = 3600 “ 0004 574> = 11 00m/s
R R
1 000 x 42
= ey — I = 12. k
W = p0 3 600 kg/s 8kg/s
WERAEBRREDTIEY
1 1 1
N _p Uy _(p U _Pap. U - -
[ "{F+T) l"ﬁ'+?]' Sttt Lk
3 1
['3- 3/ x1.0133 x107  L66 . (15 _2) x9.81 + 19|Nm/kg = 209. 6Nm/kg
1 000 2
AEREhER

N =209.6W = 209.6 x 12.8W = 2 680W = 2. 68kW
(5) 8T R R AR H
B S 12 fraRdr B R P, KR E AR R, L oK My B . SRR O
L, HBEEENp,. UOREHORE2 HUERREE USXEDp AEHEE Ru, =0, %
B£EIABEE2 ZEANEHEBMT R, S

u, =,/ 2gh,
EEE AREI ZHASHEHMFEY
%H;?' = g(H, + H,) +'%3- +%
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MAEMBSEN MERZESK,
FESTRR CRERZTIUN.
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U AEERN o MEEATFRE,

BAMHEEREAE v, =u, , FEH A HH
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ntFIEREEHTE

P
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Ms3 EEeER

EFRESH¥E WK ERENORK EEAE AT TFASE.

54 HEXBEfGRELENN A

MRAWETRAFHL R LA TS w50 & o7 DU A B4 76 2080 20 1 58 8 0 s
EEM,EREXEEEEENTEEE 2 EREN. AHRRT . AWEE—SHWH R
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541 REBADREZE

FABFOSHUSIRERAIRETE RARANI BRI BRHESRANDREN B
MREERX.

(1) REE

AR R EETURRREERMEER « B, R RS S FAERERERR
tHERAME R, SREBNORELK '

%J'pudf = [ pFdr + [ p,ds (5.4.1)
AP FRAEFAERUNBRELORAR A DT EE p, BFfEREREAR LT
B ) 5 0 R
(2} R EANDHBSLE
J’ a—[:;—:‘—}d-r + J'_pu_uds - [me +Jp_d5 (5.4.2)

(3 REEE

EREER P ARk B HEASEL r FRERAAHEEFINEE, Rk
REEHATURERREDIRENTAESTEREZEFR LORRE OB A HFE 25
HEZM. TR shBEEHANRELN

%J’rxpudfr=frprd'r+Lr % p.dS (5.4.3)
(4 RAEANPIRENTE
L[r ® ﬂ-lE;L:I—:.'ld-r- + Ll’.’r x pu u)ds = Irr x pFdr +Lr x p dS (5.4.4)

5.4.2 ERENTREERGREER
MFAEHEHRANHEHE (S 4. 2D RAMDRENE S 4.4 R, BRI H B
[ L2804 g [« 200 )y Grmsasi. SARBRATA DRI NS ERH B, 1
TR 7 MO T . R B AT AR TR (5.4.2) A3 REE T B (5.
4 ORBRE . mAWEEDRERD, 5B, L8 g [ [ 20 ] dr o g
5 HRAR (5.4 ) RMBREN B (5. 4. OAER
Lpu,uds = J’vadV + LpndS (5.4.5)

I[rxpu._u}d.ﬁ'=erdelr’+J.rxp_dS (5.4.6)
5 ¥ 5

ELE_AT ATHRARALHERTE HERFS - HBH V, LB REHIEKS vV
—EEER AURMPREEEAE., (5.4.5)AM(5.4.6) K 4 493 Ml i a7 LLE B0 .
NREWNAEESY FRAMBFRGS.4S) ANABEFTRG. 4.6) ALRAR LR
M TRLRRCTEEMSEROHESER, MO SHHM AT K LREREH,
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B RN ST E R BRI

WG, SRS 45 ) AN RET RS 4. 6)ARNEFEHHRT LMK, E11HK
&R PR WS A TR AR, m T E NSRS E R (5. 4. 5) M B R E (S,
4.6) B TRELE A R A E AT B 3 it e B RS it e

HESEE ERAR EEHBEA DRI MAKE, AL ETERK A RERN
AEEERNEEFERA.

543 REEMEA

(1) hFL R
Bl R AR A O] B 4 EshE AL A D R E D B RETE TS R EE R

J‘Epu“;udﬁ . J'?dev - Lpnds (5.4.7)

Hoch p ETAS MR A0 E 0 B WHMNAE N A EE T
LS I 5. 14 5T R A B /LT S X R 5 1
j:r.!

Bl st b o B B E B 2R B R S S, 1 T/NILM W A 280
RAERNRATH . A% R & R (5.4.7) REAFH
)« AR A B .« Wi N TLIB VR S, 05

Uf““ﬂ = pU’Sx = 2apghS,x (5.4.8) 514 ALK
Hep o, U S BIR BN ERE S, B TSR TSR, x £ SHEIAMG KR, X
LG TR U THEGRHAR(S. 3. 24) R BEWHE R a=5/5,, S, RAAEFHE
ERFABRE. A RERREFHED, HEEAESMORENT, ERExBran
5 K

[-Lpnds)l = (-] (¢ - po)mas) (5.4.9)

AF p KA E, TRIFERA Lpﬂnds = kapudi’ =0, E, EHmS Qf 555200 m

#) AB,BC,CD A'B' ,C'D"%45 3 (5. 4. 9) AMBS AT A AR, ZHR T BHMEROERN
WS FFR. REMERBEMRERITRRN

R, =J'r{p-pu}nds (5.4.10)

HaPEDILESEMEN, HEEELFAT ENEMAPE 2. Hilk, o] LUE T A 0
B S, R BCHAMBHmE S, (5. 4.9 XMBESAE AR, TR FRE$H
PR SR (5.4.9)XME N
Js (p - po)ndS = - pghS,x (5.4.11)

TR g ERNESRIER DR

R, =- pghS;x (5.4.12)
(5. 4.8)AM(5.4. 1)KL A(5.4.7)%,18

2apghS, = pghS,

HEFRBURART o« =0.5. I THEELD , WERE « WLRBP(EE .61 ~0.64 Z M),
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ek 2

(2) K4 if7 F iR 2 A
Wh a 695 EACHE L BT w 15) 3035 7t et O 4 b A A AR R SOK R B Sh L
FHEAEEERER o, W o, M TFEKE, A5 15 R, BRELBERT ERRE, K2
WOKHEE u R, FTLIE R o SRAKEE RS AR 89 o BB ) fF R
- B AEECZLHERERAAN AEGELK

- —
- = wy

. a \ EOBBRRKSE. ABKENPLHBES FRAOZTANR
O ABH a. ATLAHMKAMKE/EEY ERES, EHE
Nife M{aFEH- R B Rk

l—;: +~§ =C
TGRS, =3 KR AL M RN u, B8R

Pa=
BaOFES =Y KEBEREANEbE S(E

PRARGERERE) . #EdEWE S oz Rk
qu‘udS = — pouli + po,ull, + pa,uk, (5.4.13)

HFa ,0,08u 0,002kt BREHRNEEXE.
feEmREEHE S LihH

B 5 15 AkEvhi P4

-—LpndS = L[p - p,)ndS = - L"{p — py ) ndS (5.4.14)
m A TE A E T e R
_ P = Lpnds (5.4.15)
H(5.4.13) R F(5.4.15) RICA BT E(5. 4.7) &, 78 A Mk i 3 F 4 A JE 5
P = pauw - pa,ull, - po,ul, (5.4.16)

FREEETERA TSR, BE
P = pau'sina (5.4.17)

EFTFEA T o RE, 37

0 = Fal“i -pa:u1 - pau’cosa (5.4.18)
(5.4 07) MHH T AHKEMFHRBES LK, (5.417)AFA KBEEH S50k oo’ kK
MR o AL HBYIEE sine BIEH . $3(5.4. 18)LE]18

@, — i, = acosn (5.4,19)
= 37K A0 B9 8 BE /NSOl TR R R PR TR R
a, +a, =a (5.4.20)
H (5. 4. 19) F1(5. 4. 20) =L 7 LA &% Y
1 + cosox 1 - cosax
8, = 7 Gy = 5 ¢ (5.4.21)

FAsIREEATLRBEDFEAA. L0 EREL KEMNSIRETEY

1
pau — —= pa,u

2%
5 3 = Pe (5.4.22)
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ASE Wk TERERLYA

P

HfF e BEDEHAE O AMBEE, 5(5.4.21) A5 4.2 LT BE HERAMRY

e = %ﬂ.mu (5.4.23)

(3)EEADHAE

HHEMERIEEE OH N (E S 16) , ilr Bl —-F 8 L.
HEEBAENR 6 9 x10°N/m' (BE), HEHEER
1041 3kg/m’ MNEZREEHERAME R ARS8, iR
5 90 HE R R R

ERAELHAEG SEREBHEO 2 ZEMNSHSHNT

7

Fr = M =0

;_“‘: - g3, +
iy b 3 AT R 79 5K W HE B L R A BB T iR F

, =J2(P:;Pl "'.S-h] =

6.9 x 10°
2 - o .
J x[ o +9.31x6) 37.2( m/s)

S5 16 #HEwh

3 L BY B O AR R
W o=pud =1041.3 x37.2 =

EE 02 5F# 3 ZEE—0HEFHEHE
F =u,W =372 x1216.3N = 45 246N

(4) WWRA

WS 17 R, B 0T REE R WM.
mTRERS LD Rk REETHIESTHD
f1. HRBEZIMEAEN .

0 F 5 9IRS AN AN « Wy
IR . T8 5% 5 sh RSy

W = pU.A, = pl,A, (5.4.24)

HME U, =0,U, =U,,U, =U,,U, =0, F&., 5%
BEMEEELTER A

w x (0.2)°

y =1216.3({kg/s)

-F +pA, =0-WU, (5.4.25)
F, - p,A, = WU, -0 (5.4.26)
s 17 SESH BI(5.4.25)#1 (5. 4. 26) LB R 18 W o i B 0046
1
F, = WU, +pA,,F, = WU, + p,A, (5.4.27)
i
F = L+ Fa = nmtan:T‘ (5.4.28)

¥
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BEERSREASE. SESARENOEER NS5 4. 28) KRRH N, SIS, TR
o

3 L

5.1 @EN p MR AT FEGE A B T L — g I R TIE 1 A0 2 Ab et TE B A SY
% S, 80 8., KA K p Al p,, BT, S EEFE S 01 BLE A R R

0 - S|S; E{P: 'p|}
ST -8 P

H,

WE 5.1 BB 52 iE

5.2 ko 0 B B M K A N T S A L A M, = 20m, KB R =2m, BKRE b =
lm, WEMEBY Zem BACELFERE B, =5Sm M4 BEOK, B SR T REIHAEE
£/priE? (E% =369 x10%s)

5.3 KEAEEA KEESBREY - DREME LFFIbKRMHE, FEHE L
ot MIFALEANSRE? (B ERAHEAD L2 LFFR)

5.4 UHBEATESSREEEEE RS EENERT BN p BETSR
6_1;; + az—f + if < 1
oz ay
5.5 ATHEMERMN 0cm FREEH 15cm, Fit 8 S0 KHEXESRNESD

p, =29, 4 x 10°N/m’* i U, =3m/s, MBE Z o REAETE LMW ERL F. (F
£.F =14 854N)

Hp =

4,

A

U

'i"F

15cm

&5 5 fHe B 56 EE
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B5E MK EFE R

B T it e e i ettt

5.6 BLRKEHNH—HNE d=150mm %KLL Q =60m’/h ) ¥ B M-~ KR %
K, HEKEEENE, BEEKESRKERL LM ES HER R LAY 39 997Pa, W
RARKAHE BRKFENHRKNE H,, (FE:H, =4.02m)

5.7 RIS BB SR B A AR . BET LR B A W IR SR
R T AAE 466. 6Pa, RSB F A AO#HE UNELA(ZEINERERS) .
(BEE.U=19m/3)

5.8 MMM T EEBAEATEL, B d, =15cm,d; =7. Sem, A D 4b KT 59
B u, =2.5m/s, 8 E p, =6.86Pa{ R BER), MBAHBESHL, ARXHFTERFUR
AAHTRAKTES F. (BE F=1428N)

5.9 —ERIRBEKERY N EEAE R SIS N, EE 35 170kPa, 3T K 5 — i 1) K SUmE K,
1 K B K TR ST, B A S R K M S BT K O ATRE RS NEE A,
(%R .h=17.3m)

5.10 PR % 20em B8RS, W 48 S EE O 0. 85 AR, B R T b A0 O B R
Imss, RIEEGHNR A Sem MEFBAR, RIEFHRE RO HRHE W LIENE U, (F
£.W=534kg s, U=32m/s)
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i N

g B8] 4 4 FE A LA 035 B0 oA, IR BB R E M S s R i AT LU R R R RE S i
EeZshmAREHMAE, AREHMENFEMHHEER, WHEHTIELRLRR
T HEE

ARENE st S #ETHRAENMS N AXREH, 5 HTHEREHRT.
it RS B HOE MRS T R EME, KR X ks 3 M 8, — & 2 o R s
s FR(EZEUFTR)ADHEFRGZEDHHR)  ZREMBHNEL S TRENF . W
PR e, LA EECHRORN T ER - ARBOMERE. R TE
TR R4y B R R4y IR R 04 0 B B0 A0 S B A,

6.1 BHEATEEREZHERFT R

fE A EE YRR EEN «( HEP 0B w6 MES p. EMEZEN

E . AT ERMBRRABE. TRERK, BE M E
L] mRmtreRsmEREr R BR,AREEREK
: POV b5 TR A RS B 5B
),
) 6.1.1 ERENE
0 A’
s ! fnBE 6.1 Fras , B — 3L 7§ it 6 0 oo, 4 38 T Bt <R 4E R

B, 88 {0 B[R] PY o o o A R A T R R 2 2 T
iz B 1) PR 08 T+ 4 R i 5 B, BD

el whEmMcEETHE

dg __f{9 3 i)
ﬂ.tdxd?d: = (a?u‘ + WH" + &—zpul]dxd}’{h l:ﬁ 1. I:I
BEFA AV THEAN =—S=zhiEEETE
% uﬂ!L;@ u§E=- EE E& EE
PruwLruLrul =y ax+ay+&z] (6.1.2)

Hop, B0 R EMBIE S 2, 1
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Fo | PR T ER N AR ET

EIE——ﬂ£+1.:ﬂ"“'l+[.t I;‘—"::'+t.t@ EE'*]-]}

de i " ax T ay P gz
FR . ZHEHNEEHE TR 1L.2)ATER

dp _ _ (0%, 94, 94, (6.1.4)
dt ar  dy ozl
FHEW FENTAS TFEEEBETANRE.
ARG L) R EESAN
%+pdiw =0 (6.1.5)
I
P 4 divipu) =0 . (6.1.6)
WFAA R, FAREEN , do/de=0,(6.1.4) 504 h
du,  ou, . o (6.1.7)

+ +
dx ¥ (i 54
FARAERRAMHEES TR, b0 R R 4 PR R 5 2 2 A B

au, du, . du,

— = &, =&, —— =&
ox # dy ' dz

B, (6. L. 7)) ARBRHEFRTER . APAELR T LR MR ENRZHHT B
it +é =0 (6.1.8)
HEEES (6. L6)FERERFRPHEBEAN
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Mz HBRO.6.6) B, ERADRFEF(7.6.8),8
y = - _h dp vy X
, U(l J’—) (- .a} (7.6.10)

K p W= BB dp/de R RN FIRRBTR.6.7) AR FHF(7.6.9), 0
LABRSE dp/da, WEE R REL(T.6. 10 ARBLTE(7.6.7),7%
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_Uh_ K g
G_T_IZ;LJ:E (7.6.11)
B a8« Fm e EhEeS
dp _ v _Q
2 - 12#(2;.] ﬁ.«.} (7.6.12)
Bh=h gk, S2=0,(7.6.11) XME M
0 - _zli;,- (7.6.13)
# ERRAC. 6. 12) X
_£ __k(hz 3) (7.6.14)
ABEFRET = - n, BUSH(.6.14) K18
p = i( zh’] (7.6.15)
B BREE(T.6.9)ARFTLBE ™ TR C B
2h,h,
= m (7.6. 16}
= Oulp R 1.6.17
C=p mh, 1 I, +h1} ( )
AA(T.6.15) 18
Gull 1 1 hyh, 1 1y _
R S e b b
] (7.6.18)
(h, = h)(h — h,
Po + 6u Ul .ﬁI{hT —h:
#Wh=h" A LAR
h, - h,
p'“=p°+6ﬁm4h,h,{h,+h1} (7.6.19)
#1(7.6.18) £H(7. 6. 19) L &[4
P~ M 4h1h1{h|-h](h'ﬁ1} {TEZD}
Pow ~Po R (h —hy) o
HEEIE 7. 14 pRmM LA RR
ho-h _x  h-h oy
hy —hy, 1’ R -h, !
7.6.20) XUMER /I HRHEEL B, EH7 W PEHTEZHHE. FHIEH
B LI (7.6.21)

(h, +h,)/2 ~ (h, +h,)°

BB R B TR M R O EH A ] S E AL, BIATE A =
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Hitk ¥

AT ho=h, &b, X B 7. 14 PREA DRI LIEH .
(2) EW 5
#(7.6.14) HAUA(T. 6. 10) 3K, 8 B H B 50 f Oy

u,:u(lu-,’;f][nr-ii[l_%]] (7.6.22)

E#ET. 4 PEE T EES AR, W AT LIE N, B R A4 7 AL 58 R D
8 A X

7.6.3 hWMENE

(L)&EAD
KR iWssTREKEGED PR

]
- _ - Gull 2(k-1)
P'L“’ po)dx = [.i:—l]ihi[lnk- k+ 1

HEAk=hshy GEAPHRIMEBT B, BN k=18 k=of P=0,FL, 5K
N PEEXB—ERRM. KR PHRE, M6 22)XBFH, BB L EEHBHE R
R

(7.6.23)

E +58 -5k -1 -2k(k+1)Ink =0
TR EARAR =22, HE=220,PHEAMEN

P =0, mff—f (7.6.24)
(2) &8t RE
KR IMES RS s mh -
() o my dadp _wb, 34
r,-ﬂa_y)u- hU Zhd.\:_ h(d- h} {7.6.25)
T, E¥EN R
. _ o ubl _6(k-1)
F rody = _”kz[dlnk TS (7.6.26)

Fr ¥S 1ENE 7 8 05 & B 46 0 (B Y He ol

k-1
|21nk -3m‘{k -1) h_?
I

| Fl
| P

(7.6.27)

k-1
mk-zr:T}
EXFH HAEIFI /I PUER T/ k0, 3 80 R A0 RS SRR (Bl ) iS5 37T L =2 4w ok
FRSAD (SHEED)MIE A (GES) . B(7.6.23) AT RHE, L@MA 1P EET N
178" ~ (k)" B, 30 PIR—HEE EBREE ) FIRBER R,

4P #(7.6.24) A KINRT , SRHER Y RELME I FI/IPIB KN R

U | Fl h,
F =075 h, TPT _4,TT {7.6.28)

(3)&NhiE .
#EKA OB FHREF MBEs~ENEGAE LR
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L =J’ncp-p,,:xdx - i—'P +$ﬁ ;_(1 - k) +kfl
MEhELAEEREDPTURESENPEHA », WK
L [ 2k kK -1 - 2klnk
=P 732 k—l‘u‘-nlnk—m-n*] (7-6-30)
YEHEEDH PR AEN, KD PIEAS x, =0 STE,EH-'EE(H_.H X (8] f P S B B A5 B R
i

1 E S TR A R B ER A E B R W R R S BE R, B L BT
B AR EAREE VR -U, TR, ESTREZIMNEEOESE RKIERMD, TR HE
HR TN,

RN THESEREKRSP. FEEELBMBRERRINES. ERERRITREE
CHTHEHIMEETHETH BEPIAIMRE :: TR ER . GHEERERNS. L L. W
R : AEBRERGRN . W Ah TREEAEMHRREAR MBEAXEHNMNERSE R
BIEEAE, AR ToR— R R4, B A h S8 N 2 LA BT Ree” AT LIEEIT 1 55
KFILBENSEENHILE FEERE, LA MEAERS D . BER WERRE. T
T 88 7 ok BT LU B [F 9 R B A 2 B AR R E s i R &,

Ink] (7.6.29)

7.7 B¥EARD

W7 B R AT A s, e SR s B - MERHEER. FAMERARR
WAREH  HAEE MR EEEL AETERMRR, ERHAH SEEN KT RERL.
B 1A O A R AR S, B L B A R A K B R T 4 T R A IR
Ak BE Y, i LA A7 S (0 K BE AP O MLIE L . P 3D A0 BE S RN ER D 43 A, W LUE
B RS, BEEESMNLMEBERMEARSDRETEEFREM. ATRRRARSRE
EREE i A AW A — R T A

7.7.1 #HOBRKS

KR O, S AT R RN, hTFHENEE. REE RN
— B 7 X R TS B 00 4
WE, MBHBRAEEAY EEEHEOMN—RKE @0 ANENEE RSRRTHER
HEEPOREARE L EABRARE S HFAH
MECEE T4, xEEREHEYH OB, AT 15k Sl 7 L :
7o 1B 52 2 00 0 Bh 15 T 4000 1 LA A0, 1 S
I, BN s R ME RN LR EEE,
HOBLUEBEMRDIF R ZE TooWMa.

BEH O RBEENT RIEKEE RS S, BEM RS TR, R LY

P2 PR R O, AR R R B 4 A Y ,#Eﬂlﬂﬂﬁﬁﬁ%p HHYRERERRE
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SEERIESN, REEZESFAFLETL EARSA N EFRE TR HEF %
By Rmi 2 ML, MNFHACLATRETRARE —BEES L RRACBRKE.

R AR DR BB A R R, R RN

MUFRZIBERE R, EEEESERNT. b TR M5 EEEEREN, &8
B % 0 DX AT, B, R 0 B L O 0 R 0 A, 7 BB, M T PR B RRL T .

#HOEDPHEXRALTER, BEERGFAEELE Ap. FUBELEHEAAD
A, (7.7.1)

1 ,a d
i

E‘F%PUE R KBRS A BRI RS A BENREED ARV EERET V2

Bom BRIEER,EHRR m=1.31,
LEHTH Re <2100  FHRBIRBRARE HOBKE L THTLEMAR

L
TIL = 0. 59 +0.055Re (7.7.2)

K d BER. WRHLT , #0BRKE L 0HE00

L 1
T‘ = 1.4(Re)* (7.7.3)

M ARREEERLFAERERKR B REANBKELEREFOBRKEES, —
REHA P RO EE O B HE BT B 1004, TR 3 1T B A HE K ER 504,

7.7.2 ERANENHTRE

RN R KENLAAREKFEETA, WERERRFERTRER. 2t
B R (r,0,2) EHRERN < Bh, W 7. 16 PR . Wik
M AR R E RS, fish R AR A A

A
=
1

——— EremEsRFMENEEL.
=0 ‘ =L GHEH K
B 716 [HEEH s p =plr,z) (7.7.4)
FE3% Ap kAN

Ap = p; - po (7.7.5)
Hipp, Br=048El,p, Lz=L bt EH.
RN
w, =0, w, =0, w =ulr) (7.7.6)
B EXPH =87
i, o, o,
E=n, E=D, ¥=u (7.7.7)

T2, FERERE R REH RN
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0 =-—EIE
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~_Lop
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o, L df dy
0= G * rodr rﬁ?}
B EATRERED pEr0 LK, (7.7.4) %N
p = plz)

AL FTLABS p ot = G BB AL =L 5 A (. 7. 8) R
dp _ 1 d( du,]
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dz Hrdr

(7.7.8)

(7.7.9)

(7.7.10)

PREBR  (ES A RR RN, RS TH A CH, (1.7 10) AT, i@
¥ C =%,mg§=%£_#ﬂz+u{1 TA0)R EHHE(T.T.8) &N

"
ar
_1
ey (7.7.11)
1 df du) 1 A
Talr )= F
7.7.3 WhEESH
MEsh (.7 11 Ay, 8
n, = i—irl + Cnr + C, (7.7.12)
HFREWH
r =0, %:u; r=R, u (7.7.13)
MR FEGEHETITY
¢, =0, =-$%Ri (7.7.14)
HESRA(7.712) X, 8 9% B H #5327 sh 09 B %
_ _ﬁ-_,ﬂ T _rt o -H_= A _ r 2
R A i (11 AT

(7.7 ) AERPETE FFUTRD LM EERRMYXIHN. Hr=008},H(7.7.15)

B P M A, B R K R

7.7.4 BR-ARMAR
38 1 R ) A B R
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o B-AERGRMABWA- /55 1839 4£70 1840 SFF A LR A, mE-ARHLA
MTFREAAHRARES L ETEPHERRME,

R AR U LR QBRLUEmmE AR,
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_Q _ B VLT Ry A
U=+ = = -3”(_12) (7.7.18)
HERS5(7.7.16) A e, ML EE U RRXEE (u,) 2% I
v __1
e~ 3 (7.7.19)
EELEr RO EE G EE UEkRA EESHR(7.7. 15 %5 XN
u, = (u,),,,[l-(%)]=zﬁ(|-[%] ] (7.7.20)

7.7.5 HEALK

FHPBEE N, WS R RS ZI AT A Y ERERRER. TR
d(7.7.18) L8

Ap _ _8ul
=k (7.7.21)
PR EREHE NS EF X EREL. &5(7.7.21) 44
__BpU 2d L oV _ 64 L el
AP == o 2 pdl/n 4 2 (7.7.22)
E LG AREEN RS A
_ 64 64
V= R (1.7.23)
(7.7.22)5 7 A5 R,
oy Lyl
Ap = Ad[”—f) (7.7.24)

7.7.6 BmEmMEN
Be e ATLGES R E BT 1) RS, RBF OISR, H

~ du,
T, --;L? {7.7.25)
#BEARAZSHFECT. 7.1 dWE =, #1088
r,,:-%f-?’ +% (7.7.26)

APERBEC=0,X&th r=0 WU A HARAMAER. TRS
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ro=-gher (7.7.27)

FRAF ERE LRSS N, CBEL
r==R, To = T, (7.7.28)

A T2 ABER LRUE AN

r.=-22.R (7.7.29)
e rwhSaGERARYSEZT, ﬁﬁﬁ’?#ﬁﬁ?ﬁﬂﬂ
= (7.7.30)
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H(7.7.22) & (7.7.23)£ (7.7.29) X M0(7.7.30) X, T B FREE T F fHRK
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