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FESE IBAKRNFRA-AEATZHFHR, AT A0 TERKEH G RAKE
AR S, EFRAREHAET TR S EAA WAL MpIR , REASTEIFT
fgAaf 18,

AZHR PSRRI DIEER AR RERER TRA LGS,

AEFIER FEARGRE LA RS AW IR GRARR S BRAK
FEABA, FRARGESENRBEBREZER TRE LGS, THRETEK S G REIT
i 2

AERFIIBRARAFOASHE, TASEEN AL IR R B ER, A T
MG kAt F I fo AR,

1.1 TERANZEAARNRESIOE

WAk J1%: (hydromechanics ) J& /1% B —AN3 32, ZERFFE WA SRz iy )4 b M
DT R RANR] , — AT LASY 1 : DA 1 Ja AT ) 26 06 A R 0T 5 X 52 149 38 )
%3 QUASE 5 7 A U VIR T B0 T A R B FE 0 R B [ 13 2% s @ LASZ D Ja P AR R AR TR 1Y
WA AT FER R T1 % o WA T 2 ST 5 Ui AP iz 2l Y g 2 R | DA 5
Z A AR IR BRI T FB0E R T TR SRR 4 R LR R 1258,
ERTEIFEN— ARG, & T L ARk

TREFREFHPIRN SRR AR R P e R 2R, A5+
ZRMRNIE e HHES  TREARNEAN TR EA AT ZHINH . B2
B B R E S FERF S PG , ASREAK 32 09 V) 1 B ORI O A4

WAR R ARGERR A LA , IR, TR A G AR A ) 2 R 0%, AR 2%
1 H AKAE A AR AR  BOBRR K 12 o K32 LIy G0 4, iR 2
PASUR EEM SR o (EJR 0 TR AL, 24 R P e 7 5 | G AR 22 T LA A
A, AR 25 LR R R TR

TR AR IE—5 W htE , B BRI #EBRE R . W12 M B 1
A RE I HPT—E BRI ) RS RIBT YN . AN A A R AACRE P A 1 1Y
BRSSO 1o TR AR, A F 8 RSB AR A RE R SZ 3500 /), B AEAR /)N
HIBT U1 77 BVE T s R AR i SR AT Y ARTE , BRNBT I I R R 1k o SR A, B
Ay shte. XM TR EETRE, & B T e S TN B E 5
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M, MAEBARERZH ], B REERZE N FRZEREDESNRRYLRZE, M AR
e AR SNSRI , SR AR RE I 5 Ml PRI B -

1 T 5 W, BT LA B B E TR , B TR RE t 23R E A AR BT
PRAE Y, AN R ) s 7= A R R B W Bl o PRI, 55 O A 35 k) JD 1 0 A ) R AR 0 P o
(g F A1) XA AR R IE 3h A B BRI . WIKHZ 3 LSRR R E—
A, YU B R TR Z B B AR AT 23 . Br AR I I2 s A E 1Y)
IR BB VIR WM AR R, B R AR AR R 7 A AR R Y
Hisho

FRESHEERMER T EEMER B AR T — VY 5z sh#b L SR 1E A% AL, i
AR BTH)—FTE S , i AR LR K SE LR

TRAEESFR—TTR AR R, gl BT PEEE B SRIESF T, &
Tl A T SR GEAREF Tl , Z@E s Hnlk A B AL ARAABT, DAk R R K
BEERSE TR, EAE KEMRAE S FRETEEMR, LR TRMME IR
L INga 7K SHEK HERGE R R SUBERL S5 , BB E X K S AR A AT e B IR AL 3
DB il i s R E ok 4 F P B ] E R R S BT BT B R T e
BE—RIIRRAE S F AT ERR . FEPFHRK RIS R AR 0, BT R BE K
A BREIBFEE B FEHEK B IFE K AF B, 7 2R EIR S WA DR AR Bx Tk
FREE HE K HEK KRB K JTiE ks E RS R B SR, AR WA 12

TRERENZRIMIRE RV LR Z2TE %0 TR TATRE FEIRSEE
W — T FERAREMR, FIARTTRE, FERERE TR EA T % A
BN, ABEAR S RV O R E X BRI &SR LR E L RIS, N
A7 AR AR 55

TR A F BRI 64 BT SRR B I . BB AR
R R R 2R AR O X AR, R B RY (R A O ERAE A AT 4 A
55) .18 B TR SRS 3 #0358 i ; SEI0 7 2 JE K S B it 31 [ BEUABEA35 DA AR DL 1 S
SRR FESCH0 Th BB | DU 2 B S T 45 BR — JE B 7 SR MBI SEPREE 2R TH R T ik 2
RS ERE 53475 S B A UL T 7 R, B T B LA SR HEUE AR . W7k ERL, Bl
FHEHEARBHE FIRLR, AKHER T TREREIF0E R, B HHER TSRk
FHIERRAESFHESR.

1.2 ARy EZYPEMIR

TR B E BRI R RS K LA S R K R A R R E A
FEAEEh AR N . I, 28 SeXS iR B W B B BT T %

1.2.1 RE

{8 (inertia) RV ALERF IR A 2 SRR BRI K/DBR TYIRRRE,
BEAA, AR, YRR ERREMEERERTN . PAERNRERTAERR
JREFR AR, p kT, 2EE BRI o, BN kg/m’

o Fpa



X AR BRI, 7225 (B S SRR AR B AR AV, R Ji AR ) R Am, 2R
HEHN

. Am dm
Xt F R, & AR V, B m, W HEE N
p =% (1.2.1b)

VR ) 2 T 52 AR R AR AR /N, — M AT R H 5K, e TR B, SRAAK M
WRE A 1000 kg/m® , JKERHIBE RN 13 600 kg/m’,

SHFRASME, HSASSIENERE R p, T R E SR o, MHFEEITERX
H

p=pa; tpay + o +pa, = Zpiai (1.2.2)
i=1

FEFAR 72 i # H A E B (specific weight) BIHERE, AL IR 55 s
FERTAR pg ROV TR ERE . N SR, WA E p 5 VAN AL BT,
WHRMEE R TS5ESMERE ¢ A%, Hf, e B AR L. ICEERYy,
WA v =pg.

AN R TR ET 5 A B RFRFR A TR Y LL 2 (specific volume) , v ®/n. B4R,
EEBEH E%E, A

(1.2.3)

v =

1
p

AF v WARR 2, m’ kg
p WA kg/m’
FBREREE py GhAERSIET 4 C (412 3.98 C) BF4iKHIE p i HIELIE,
RO TR AT R, S Sk Rm . ERITENMAIEL, B
S :’;—7& (1.2.4)
K
ETFRAEMAENEE, REEAARNEESHEFENREMED FTERKBIESNE
ERHE, EREE—NHE , DIMEAERNERETE.
W FE I A ) 58 R X 9% B LR R 1
1 FRUE RS ET , ZKFE & AP R RE B il 25 B K EAth o DL 26 2,

1.2.2 FE

IR L WA REARZALAT I 7, ER , 2 A2 Bl % A 4% o A [R) lE 44
JZ IRl = AR 23 A N EEEE ) (BT U1 F1) LASRPUHARR 2 3h , FA i X f itk iR o &
Yo BEAEEBNFRONREH J1. PIE, Fitk (viscosity) FEGABH 1k % A5 BY VI 25 T2 B — 4
38

HHRRANEA B — \YEERAESR, R H THRAS T AN EZ S TE
VA (1] 7 A Bl S A 23 16 W 5 | o v TR PR A o BRI, AN R LR TR A
BB AEAREA RN R WAL T L SR BE S T B A XA A

« 3.




MRHERIAA LR E , X0 N EE WS TF . i TR, 8 T 4R
1A H32 B AL RE RE Bk ST IR N BE B 7 , i 2 4432 Bl i 7= A R R 45 R O AR A IR
A

(1) AN R E

1686 4F , 4- i 42 T B A FERRE, 5F ASLR X —BRRE 2 T RIE,
M3 2 19 A EE R E A (Newton” s law of friction)

B L1 8 R AR R A B

TETERERI K R 85K, FE T y
AN R T ARTAT RO 1 A T 2 iism i
TR, Eh I EE, TR 1 L R T
Sy o FIATRS SN, O, ph T LRI 3 a7
MR BB 1 b 0 bR A B o .
B2 53, EAR, T b 3 P2 0 . &
. TR 1 BRI 2R R e T )
AR N A P SE Ry Jy iy S
AR NE 1. 1 B, % F & FRARZE B 1.1 TR A A

P A f P R, K B SCIOE N | NAEEE S F
SRR %, 5 B il R A\sagwaj—; FRTE He, TS5 AR L 60 FE H 2%, B

F o Aj—l;o ETELA LR w,

_, 49z
FepAg (1.2.5)

& r BRI AR, B N BEEE R 1 (SRR AL AT) , T

T_ﬁ du
A

=p,5 (1.2.6)

A F— AEESN;
— AL E B S SRS, N/m’

A VAR R R B '
O R, B e T VR LA ™

p— STMANETA LI LB 2R B, FROA B D Ritk R R, SiFRsh /1R, Pa - s,
H(1.2.5) ((1.2.6) WRIKAHRY 4100 A ESR S FR Bk R M RE 7R

EFTAT TARIE AR BS A AR, BT 18] B B 535 A D R Ellg—l;o

I 24 10 P BE B B R RERLA T IR E R RE S B E oL, BN FT B R a3
FAEITA B TRAER RS 4 BN B EE R . FF8 4 BN BE B E M MU FR O 4150

WifA (Newtonian fluid) o X A0, 7 '—33—;‘ MRBRES A EL R, ZH

FATH TR BB (LUK TR R AE) A — BRI R A itk . LR A4 A
v 4



PE S8 R AR A AR AR A, Inde 3k A PUBIR R (R IR RS . AR BURIAA
JBR T EE WS AT HTERE , AR AT

(2) HHERK

3 IRE R $(dynamic viscosity)u B SERME . w EHUK, PRI BATERRK , FHRL )

wmﬁ@ﬁuaam%c%am&MﬁUJﬁymmaﬂﬁﬁﬁﬁg%=wt&ﬁﬁ

b T v, B, T DA, (E R H B RS B T 1 B AR Ak L YT R  o

AFER p WA AT (1. 2.6) WENIE ., TR KB BRI RN
SHILM” L “T" Fom, Wl p B EHA ML T, KEPREAI N Pa - s(N - s/m’) , P
BARLAIA (P) , SEBR R A R FEIA (cP) Bl 1 cP =0.01 P, EfTWREXRN

IN-s/m* =10 P

WARKBER S u, B THEA S 2B RN, MR ah h R R

FETAR S BT FT B, BRI S W R R R w SHE R p B LU, N1
B,y Fmz, Bl

y=£ {(1.2.7)

p
m ERHA,y BRBEEEREN LT K v s shFit 2 BE0E s #E .
1B R B (kinematical viscosity) v (14 [E PR 8007 Fl T2 B30 m?/s, H AT 8

PLA em®/s , BRA“HT” (St) o SEBrR A # AT (eSt) B 1 St = 0.01 St, EAIH#H%

BERN

1 m*/s = 10 000 St = 10° ¢St
TERENE, BERNES ZHAEI TR EER . —FOLEH S B0k 2 X
FPhAE 50 C B A9IZ SR R B IEFRER) , SR, FidEsti k., #lin,30 541
PR, R X A AE 50 °C B 938 S TE R B XI(E N 30 x 107° m?/s,,
JUFPH IR AE R [RIRBE T i 3h B 2R (B L RRER 3
JUFE WASHAAEO C 5 1 FrE R SR MR RBULKT % 4,
(BI1.1] #HETFHES, WE 1.2 T g

Mo LAP =90 N1 vt m G830, 2

BB S BEEE v = 0.122 m/s, B E BNy

d =75 mm, HALR N 1.2 B, K:%h

SahERmAn s hEERE . 200 mm
fB S RhER AR M E PR, 8

IR B PO 0 B B b R M 4y A, il R B2 HhSHE

(1.2.5) 4

0.122 m/s

N
NE

0.075 mm| [~

EXHF =P A =mndl, N

_Fh_ Ph _ 90 x 0. 000 075 s
w/(Pa-s) = = =3 1416 x0.075 x0.2 x0.122 - - 174




(3) B B X Rt R B0
FE38 5 IR B AL, 0K 5 R AR R A3 o (ELRSR MSE MR/ N , 7 — AR 50 T AT

R, AUE TRIR X R PRI R
KB FHRE v SBEERRER , 7 AR RS s th B AR, B
0.017 8

¥ =1 40.033 7t + 0.000 2217 Gt
AF v JKFE ¢ °C WHRiEsh T R %K, St;
¢ IKERRE,C .
S h M RBSEERN LR AT L 2R NLBRA e, B
3 +C TN
o () (.29

A pe— KEFEO T WIS AR REG
T— SEBEIHRE, T =273 + ¢ (¢ AHRIREE) ,K;
C—— SRR R HE LM E LSRR CERE L 1,
F11 JIMELSGN CHE
Sk =5 £t X AR AR | R ek | — 8Bk
cld 122 83 110 102 961 260 100

IR BE R YR AR A AR P 2R ) e S AR AR T D, Y014 0 28 A B L A oo TR/ 5
SR B R U R B B R T R 3R T MR AN AR B ARV 20 45 H S [ T R
B WA= AR E R R RS TR AR (51 0) , HRETH= I, 0 FiEs,
S+ F RIS, BT AR/ . S A Rtk i E R R R SR AN oz
AR IR IARJZ (B R AL B R MBI R A3 e . HIREETHE T, A T AN BGZ 31455,
Or T AR E W R AN Sh BT B ] R T R

(4) BAERAS LR

ARAHHFERMEEEARE, AN RPERAR RS PR S A (practical fluid) o %
PR WA TS A B AR, EXHRAR RS Sh A E R, (B2, Bt RA R
g A B R AL TR IDRSHRAE, A RIA TR

FMETEAE , RS OT I LR TR A2 SRR R IRME . R B, FERA S22 o
TERFST Y (R B R Ak, 5 B ) A R B 2 A A AR S A 2R L, T 5 B AR A
(perfect fluid) KB, PriFE R AR —FHEAR R TR A MIA. LR, XFRAE
Fr ERAFER, B RR—MERWERRL, ARG, X iAoz 3 i 2 Hrst il kK
{4k, T REFS tH— S B AT AE IR o TEA SLFPER AN RIS P, X LS5 R BLRERR
AT E PR . WARFMERIE A2, W AT LLE i SE R PMB IE , (55L& .
B, PR AT —E A T S EEAR R AR B, SR BB s )G, F5 B R
HIEAHATIBIE . TR Al R X ki se i iAos sl ey

1.2.3  [EgtEFEacHE

LHE AR A _E s8N, S BRI , 85 BE SN, X At SRR A A B
siffie



il i A B 1N i% ol A 2 N 2 N A 7 NP B 1 - A i 2 N O % S
BEZ 724k IREE TR , ARG K, XA AR D i A i ik A

(1) JE451 (compressibility)

T AT R4 R/ NE AR TREE SR R B, /m o B, TR HIRE —E T, E )18
Hm—A AL, Brs R AT AR AR R, B

dv
v 1 dV
Bp=_$=_7$ (1210)
b B, —— HBUESR R m/N;
S B (IR

dP— }__EjjiEE:N/mzo
PR 2 e 3 et , B AE B P i — 175, DURIIE B, 7k FIE{H.
TR ESE R 5 B, (LT R R, B

(1.2.11)

piy b AT 0, AR R4 AR K AT 3R O R 38 In et Bir 5 iR A9 B BE R IR

RS R % B, WEIEL, PR ABHMEA R (bulk modulus of elasticity) , LA“E,” &
Z
e
=

E, BN N/m” , R AR BB RC A I A FE 45

KR A, 7E 20 °C, 120 101. 3 ~ 2 500 kPa HZR{F T, HARFR 48 R 4L B,
00 4.844 x 107° m*/N, BIRMR/D . HARBAR S, HAKFR RS RBBERR /N, B
b, FESEPR TR, — AN B R AT RAA R . X — L4 RO, inmt s A s ik 3l | v
i, U 55 FER AR Y T e 1

XA, AR R K, SR A AT R4 A . (B2, 2B ) AR A %
AN BhiE R AR/ (AE AR GE ) , SRR B BE A BE i AR (L AR/, TRl E
R X, T AT T R R WA AL B . A4 Rhe A ol IR 48 WA AE sh Rl

[B11.2] 7EREPESF—FBA. HESH0° N/m” 6, WA AR 10 mm’ ;
SN2 x 10° N/m* B, HARFH 0. 995 x 10° mm® , 30K : BRI SE R A8,
AR E)

& MR#EX(1.2.10) 15

E, (1.2.12)

dv 995 -1 000

B,/ (m’ 5 . Ay 100 =5 % 10~

dp~ 2x10°-1 x10°
WHER(1.2.12) 15




(2) JEHAE (expansibility )
PR BB R BRI B, . PRI R B, St M0 1 2

o EERTLE | K BT3RO AR RS

dv
V 1 dV
B =355 g7 (1.2.13)

R B—— WIS R, 1/K;
dT— WK 4 i K

PRI S T, AR K, ik AT 5 dV A S .

WA AT B R BRI, BT L, TR E— AR IR AR M Akt . HR, MK R
BE 15 b LRI CAnE s FE AR o) |, s ah 2% VR R R Ko

PSR, BARR TR, MUBB R ESE, T HEEA W Bk, Eh
FIELE RO, 405 R S R B sk T R 9 Bk, AR B Y6 2, T A S 4
WA RO R . B

P
p
Kb p—— SRR RS , N/m*;
p— SIRRIHE  kg/m’ ;
T— S 4 SR L K
R—— SAREE, AR AR E 5,/ (kg - K) W T2 R= 2871/ (kg - K);
St FHA S AR T LR = 8 314/M(M RS IRMIAHRT /3 F4E) o
e A R R TSP IR AN, B AN i, o B AR SRS T R
A A5 IER SR . B, ARER A, 2 TR b A B FRoR .
[B11.3] Jiih 1 kg (ES,IRERN - 40 C HHLEO. 1 m* (7R KR ENH
£/ N/m*?
g HASHMX S FEE M =2 016, MWK HEN

=RT (1.2.14)

-1 1y _ 8314 8314
R/(J-kg™ - K7) =" =17 =4 124
z 1
ARIHEE R p/(kg-m™) =T = =10

RAE(1. 2. 14) BEIHESH
p/(N-m™)=pRT =10 x 4 124 x (273 - 40) =9.6 x 10°
ZEAE 1 ARHER TR 9 BRI B B2 il S P AR 81 TR 1.2 v
F1.2 FEWNEEMEE(E 1 REXSER)

ERE /C -20 0 20 40 60 80 100 200 500
p_1 1. 400 1.293 1. 205 1. 128 1. 060 1. 000 0. 947 0. 746 0. 393
/(kg-m™)
Yy
/(N 3 13.729 | 12.651 | 11.708 | 10.983 | 10.395 | 9. 807 9.316 7.316 3.854
- m

. 8-



1.2.4 REKNDMEHAERAR

WA B REARZ K BRERES T 218 MR ENEe s OER, R R RS
ANRTE R F, SRR B R RES R SRR TR ST XK IR R E TR T o
R TR AAE RIS ARl A T b A, T RS 7E A S BE, —Fhlik 5
53— R R AR HE ) A S T A A SR P A SO AR R B YRR IR B R SR R
AR T [ A B AR A AL 45 o SRITSK T PR, (R SR I 4 18— Tk 39 59 2 T g itk
RS , A AL 7 A BT AN K A7, DAGERE P . RIS R/ LAR T K ) R o KSR
o FRMEGK RBORIEERFERARKE BRI KT, ESRAE PRI FA X, 55512
SRR ER K, A8 N/m,

JLFE BRI R IR o EIITRL.3MEKL4H,

RL3I BEMHREKARE(N/m)

Wik Hefu i ik 0/C 20/°C 40/°C 70/C 100/C
K =5 0.075 6 0.072 8 0.067 7 0.064 4 0.058 8
HIFIZEIR, 0.073 3 0.070 6 0.067 5 0.062 6 0.057 2
KR HE 0.474 0.472 0. 468 0. 463 0. 456
=5 0.024 0 0.0223 0.020 6 0.018 2
B TR 0.022 8 0.021 0 0.018 3 0.0155

F1.4 20 C BHEMBERIREKRS R

’ z3 £z 3 LVREN KEKIRE/(N-m™)
KR =5 0.476
7K 4R 7K 0.373
10% K 75 0.075 4
i =K 0.022 6
S5 =K 0.023 ~ 0.032
JE i =5 0.023 ~ 0.038
W E T =K 0.020 ~ 0.039
EE T =5 0.0311

R TK S — BRI FESC PR T AR PR 2 AN (H il TRk A i 5 | R A B 40
B, ETETAEERE

B—IRERIRNE T (FINEEE) HABES R K& E8 FliE A s
BE—ANREE N 13 BN XS FR A BAE R, WikREEERE S LA, RE IR
o[BI AR /NS B RE ] B9 RS 7 , R SK A BB BT, QK b4, BT IR
BE W (7] B2 2 AR R TN 1, 3R 5K WA T R, kAR , A REITIBAE B, M
[ A BLRANE NN 4, BRI R K REON o, RS BEE A Al M 0 6,
B T TEECR REA R B B AT R R

i) -
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XF  p— BHEHEE;
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(1.2.15)
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|
MAEREBAEE AR, WA — Wy —
1.3(a) Bi7R, M/KiRN 20 °C B, MK7EE %5
B EFREEE N b ~ 30/d; tNRIB BB AN 8 fy Y
SAEKEE S, Gl 1.3(b) FiR, MKBEE (@) ()
FETRERERN b ~ 10/d, h K d #LL mm EH1.3 EHEHSR
o T, SRR/, b BRET DR, B
B, IS R B AR EAR R R AN, B &7 A AR R o {E 247Kk W %
BINRAT 20 mm, KSR EEHARAT 15 mm i, 7T 28 E A0S0 4 1
M. AN, 7E UTHIUEER A , i T P06 TR AR AR R (0 B AN LR R TLHE , F
DART R % L

1.3 RAAENESSTRIRTY

MNP TR, WA R i KB A WE 31 90 F Ir A e , 70+ Z 8 A UAF7E E]
B, T EL2rF PR A B B A0 AR L RN SR Y ; R, th T4 FRIBEDLIZ 3 , LR BUE—= (8]
RS AT o Rl A RS . XA, NISOURE £ BER , WA 4347 7 25 [B] A [a] 1R
RAELEN . B, Wik 1% R midz W) B 2 E 5 R UGS 3, AR 510 F
MIBOES . B LA, AT L O b 8 00 A 2 phe TTC 3828 52 43 11 4 O A4 03 I 4 B FR) 2 2 A
. WA RN BHEETREND T, HEF —ENERMAER, W3, A
PR (o O Ak B % LR Y AR R B /MR R, IXRE IR, R R I A T R (fluid
particle) ,

WERESEAUT 4 B& 3

O kB SRR B8/, EZE A LA/ R o 4R | TR NE8 Toik i 2 /)
BE.

@ WAB R T BB K, Frid ol Rt 2 % Rt 2 i A BT R i O AR FR
RRT WAL F R B ESR, I ERER S AN 2RO SH EB2HRES T,
A5 F T AR SRR R SRS TR

@ MK FE A REEHE BBE N TN — NI, B e o 2 & B A — &
HERYEE,

@ WAk B BTEAR FT AR BRI E , B T O A P 3R A 2 (B B DA SE 2R A () B, 44 T
FERYZS E] o, B R A AR L A AT T AR

I AR B A A ABE: , AT LAAS S TR R R A AR AL Oy - A 2 Eh SR 24070 ) L AR T
TR AR, B8 — 75 1A] R BRI S B TR B R BT o 48, b B BRI B, L Ak 4 A — i B T
AR 3 R 25 (8] A A B B 18] 4 % 62 oR B8, T LR BP0 5 5 W] T e

TR X R RS FARRL” , B X AR Y BR 45 Rk, & A PR IE R T imim K F
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