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{2 3 3 A e B (R FFY R 8 BT

{Sﬂl = 3Acos{n, x)

p=flzs y, 2, 1) (1. 6)
X T R AR S
p= fx.y, 2) (1. 7)
ER N B3R Bk AT B PR R

=904, 4+ 984,492
dp = 5 dr+30dy+ 57 de (1. 8)

BI1.1 FER 1.8 o, IR o A e B S
i~ C(1— 5 ), 1o C A8 R

WA e 2. -
M OERIERRRKERY &, KEEE Yy
du B du = C =20, pig o (L. 2)

M8 EEFERIH
Rl v = g = B SRS (R

me .
L2 —ADRERN40cmX45cm, BN 1 em MK, RN 5 ke, {574 MW
WAEFEE TE3(E 1.9, ERv=1m/s, § = | mm, REBMOBEZY 5.
B ELREEEBMEBERARR FRAR—E,
v=1m/szal; B FTERBMERESEL. v =0,
Heb - B E A B0 S L m e

P—(”mnﬁ—~5><9 81 X5

13 = 18. 87T N

BAEBLEAER

_F 18. 87 . B 1.9 KA LBIED
T A T 5.40%0.45  104.83Pa

RIS ERGR L2, F U FREREN N

r:,u@



W R B BB

ju-:rgﬁ = 104.83Xg'—{-f-0—-1 = 0. 100 Pa+s
1.3.3 [REEHFIANKYE

SR BN , FBR 4978 115 1 M o ol BURTES B (9728 4k, 30 et SR B D P 800 B 448
v, SRR, AR B BE NV BRI AR RSB

I ke EdfEAA K

EHHEMRARR L R TR ER . W — RV itk 8RR o, MR

B dp w1 ERFE > AV, 85 REHE dp,ﬁﬁmmw%&mumam kI LR

de &V
k=—$:—% (1.9)

BERBENERERY ¢ EREEERER /N 4 BBREE mP/N,
AR & B 1/0 B Bk A B PE R, BIFR AR B E X %7, |
1 _dp _ d
E_k_-i—_ﬁaﬁ (1.10)
p
Ettl] !E E{]‘@{Eﬁ N/mz o
HPRES 48 R BRIR AR T L, KRN 0OCH . AR ER FTHESERLE 1.5,
KPS at R THBASH, 1 at = 98000 Pa,
RS KEERREK
p/at 5 10 20 40 80

E/C107%m? » N71) 0. 538 0. 536 0. 531 0. 528 0. 515

A A 6 R O DRI T R BB AR IR — AR BB R K o e
ER IRV, S B 4T 5, hAUN A dv,mmmﬁﬁ@mﬁﬁ—iﬂ,mﬂﬁ

R

=— £ (1.11)

BRI R R I o FRBARHRRAERT KA, o BENE 1/C,
R L6 FIBTKE—DKIET . ARIE B a8 £ 5

®1.6 kYA FEMN
7AW {~10 10—~20 4050 6070 Q0100

a/ {1074 /°C) I D. 14 015 0. 42 i 2. 55 0.72

« 10 .



M EZerral AR K B RS R AR, — R T AT LA A . HEER
SORERR R IE ST, K KRB S, A B EH BRI R Rk
# LTRABETKE-ARIET . ARREMNOENRER.

®¥1L7T —TXRETANAREEE

WmE | EE wH | BE | EE W | B | EF A

/C | /N0 | kgemt § /T | /ANem—® | fkgem | /T | /kNem 0 | kg m
O . 806 949, O i5 9, 799 099, 1 60 9. 645 G83. 2
1 0, 806 095, § 20 9, 750 908, 2 65 9,617 480, 6
2 9, 807 1000, 0 25 g, 778 997. 1 70 0, 590 a77. 8
3 0. BO7 1 GO0 O 30 9, 755 005, 7 75 9, 561 074, 9
4 9. 807 1000, 0 35 0, 749 904.1 80 9. 529 a71. 8
3] 9. BO7 10000 40 9, 731 082. 2 85 9. H00 968, 7
3] 9, 807 1 000, O 45 9,710 G380, 2 90 8. 467 965. 3
8 G. Bo6 400, 9 50 9. 690 9BB. 1 55 §9.433 961.9
10 9, 805 999, 7 09 4. 657 O85. 7 1040 9. 399 958. 4

iE:.O FEFEVRPEHRE 10 FET LS k&Rr; 10 5. UFE M &R,

2. SEEH RN
XA BEME R AN IAEENEREL, ARERDE, KBS ER
B TR A B SRR ES L B

L _Rr
p

(1. 12>

A

p— IR AR, Pa;

T— SEHBN%ERE. K,

p—SUERIEF kg/m®;

R—REHE Bk m?/(sf » K), WFEK, R = 287; T HAS &, EraR
BT R=8314/n, X¥F n ASEHTH,

HAERBH RS RESBRET REERSH, RAEYEEESKEY, £
(LI2DYAEHHEA.

M AR REF RO,
2 _h (1.13)
P £
YEBATCGEE M REFBATRiL R,
p, To = pI (1. 14)

AR T =273K, o, 2 T, B E. TER—MSFRE. 0 R T WHEE,
e 11 -



R 1.8 L, T AR R R IECHEFE L OCHA R SE) FAREENHESE

BEREE.
®I18 ZEHERXNEMPATANEERTESE
RE HE W i i W B i W E
/T INem™ | /kg=m™ /€ /Nem™ | /kg-m™ /C /Nem™? | /kg = m™?
0 12, 70 1. 293 25 11. 62 1. 185 60 1. 40 1. 060
5 12. 47 1. 270 30 1. 43 1. 165 70 10. 10 1. 029
10 12. 24 1. 248 " 35 1. 23 1. 146 80 9. 81 1. 000
T 12. 02 1. 226 40 11. 05 T 9, 55 0. 973
20 11, 80 1. 205 J[ 50 10. 72 1. 093 :ll 100 9. 30 0. 947

EFWRA T R — A, SRATR > — 4, B8 S0 bn— % . B Sy ] FE 4R
HEBEREE, BR, YERMEERK REZRNEBRTLAKN , ERSI RS, &
BEBLB B 284k A7y ADH AR S R ) P ke 7

BlL3 kMR SERMXR THUTERARER:

f; — 3000[(5)? — 1]

FFP b, o, WARHERE TR, S E L KB N o = 1030 kg/m®, R EIR
R 10 km fh KA EE o B y MILE L.

B OEBATERSKEMNXENT -8, 0 km BRNERSER FEBR S
A p/p, = 1000, FLAERFBHEAR AT, 6]

o+ 3000y
. p’ pa _
o, ( 3000 ) 1. 042

10 km A /KRUEHE HE . LEDTH

p=1030 X 1.042 = 1 073 kg/m"
Y =pg = 1073 X 9. 81 = 10 526 N/m’
d = p/py ouiry = 1073/1000 = 1. 073

TTREGTRAEY] 7 10 ke MR bE, IR T 1000 5., KRR 4. 17%, B 2638
HROL T P K BN ] R4
Bi1.4 CHEBRN 1at(98.07 kKN/m?) OCHHESMER Y 13. 13 N/m®. K 200°C it}
WS EE AIERE.
W HERAE.HNE RN,
AL 1D 2, To =T
T=T+t=273K+:

_ % _13.13
Po = "o T 8.81

=1, 34 kg/m’
e 12 -



T 273
i o= oy = L3 X555

y — o = 0.77 X 9. 81 = 7.55 N/m®
o] W, AR, M E B A HEEAIHE AR KHEL.
21 A

= Q.77 kg/m®

PR (i)

L1 PR B 83, W R AU (D WU IER R 415 (b) WAk Py ) B 5800 5 (o) JLT )
s (D T R e sh =2 [ AR th B A/ i R KRS PRIt ik,

L7 SRR A AL AR R R () SR )RR s (b MR R0 S T
() PIRE 1MW ; (DYIRE A,

1.3 @HEiEshEEE v B EREAR . (a)m?/s; (WN/m?; () kg/m; (DN » s/m’,

1.4 ﬂﬁﬂﬁﬁmﬁiﬂi%:(a)ﬁﬁﬂﬁﬁ;(b)ﬁiﬁfﬁﬁ;(dﬁﬂﬁ;(d}ﬁﬁ"If' = RT,

1.5 oKy Hmsgm— 0 K ER, K6 %% KA R (a)1/20000; (b)1/1 000;
(¢)1/4 000; (d)1/2 000,

1.6 M IrERAE ot — MR ME &N R B T RE ) gRSh o, B A iR
SYIN 715 (DY ABEARZ RN, P # R AR VIR s (O REERT R 7, RN BE &
YN 715 () RERZ e 7 P BTt R F YN /7.

L7 FHFEESARE . ) B (W (O MR (DIFHE .

1.8 I5CR S MAKBE I van = 15.2X 10 * m?/ssyy = 1. 146 X 107 m?/s, iK1l
B (a) KB (D B KB B /bs (OSSR R (D REE
HRHEE,

LY BHRMEEEERE THE: (@0 FHES: (DA TFRIAE N (O BBEH (D
AL RIRE .

%]

L10 REE p=3.92X107 Pa« s MEHEREIGRERR S, JBREE v A HRES v = 3y +

v (m/s) s AR BEE RPN J7 .

111 FEFHBE 1 mm MR 17 P2 MR R M B A, B — 6 B 1. 2 m/s B
WX TS —RAEFERB R TIR LAY A X 3 500 Pa, 3R Z MK
RE.

112 —[AIgE KSR E | ORI E S s s, g S5 A m M2 B 48 B2 & = 1 mm, HjH]
F#p=0.1Pa s B CHBEATEELER=0.3m, #EBE H=0.5m,
HHEEREER » = 150 r/min B, SRAFF MMER 146, (W 1. 12 @)

LI13 B L BERKNETHETEE ERYH 4, ER Y o, HEBIE FEWEE N - 0
Wik, HTREER, ERUAHEF « BN 5 BT HE MR sL.,

L 14 ZHGRINE Ap = 5X 10" Paith, A BRER BB NE 0. 02, Rk wifk bk
RE.

115 —~HEPEKESUEHEE o SH B ORES. KB BETS A, v, DFERA

v 13 -



1.16

1. 17

1. 18

1. 19

Mk, (88115 BD

()

777 777 {6

77774277 §

t

- d —

M1 12 8 I L1.13 8

8116 Bah— KR RS, 8T Bk KR A B8, K
B K ERY MERKETRE K KE. SREN
KA 8 m® NIRRT EE R 50°C . AR BB
AR BB R B o = 0. 0005/°C , SRGHK K BRI/ AR,
MRE LB RBEAESSHBRERN 200, B0 EE N
395 kPa, 78 5 RIS KB E LA R 50°C, il KX it
9 .

AL ISR NENFERIER. BALKESERN
B=4.75X 107" m? /N KiK. SkNEMR% 10° Pabf. M
WM 200 mL, BAFREIFMEEME EEH
%K1 cm, Z£FFREE %y 2 mm, 24 EIR T B E 20 MPa Ry, [5]
WHFRE LD

S 1. 15 B

|¥—

b wns

(Pw

M 1. 16 B

Z1 1. 18

T B WU B (S0 ey P A A TR [ T LR, R D B A

WM. SME SRR, 2, N AT
w. NARBRET—-SMLT, &M FFSHEM
Al GE A E B E. S S R e B
a» AT H, 205758 1. 19 BETR. REHMEEE &
B K.

114-

ML HE



W2 WA F

WA I FEM R AL TN SN LPRETHFAE. B TRELT
W Lk Py B (B X IE 3, B ML ) PR A TR 08, {5 I8 R IR BT
B R R AL B

AF E B BR R AL, AR O B 52 B E WA LR TR

2.1 HERBAFNETTE

2.1.1 RETEHIPEN

HAEBRI¥EMEA FBRERLARRAZTIANEREER
JIRmE b RBAFE R X R, i
ZRIE 2 LIRM(r, y, ) MFIEFRE A, E A —C
M SR —FRESAER CERAHR dr, dy & P |7 M T
dz, By HASLRENA 2.1 PR, HERPHKS ~ y
K FESE T . — T
1. REH
Wp=plr, y, 2) RBABE M FEHH®R, p = ¥
plratdr, vy D BECDE EAPHER., RESTHEE
B (Taylen) WEPBH M EE U HE, IR Y X

M2 &AMk

p = plartdr, y, 2) = plx, y, 2) —i—g—pdr
X
Rl NE = HERIERE N
o
plr, vy, 2)dydz — [p-f-—fd.r:rdydz I“@d.rdydz
dr da
W, v A BIIRE N
‘“?-Edl'dydz
r?_'}?
TE 2 Jila| 36 N
— 22 32 dyds
dz

2. R

RREAR [ = foi+ f,7+ fk, BENEES 0. BIREAE 2 7 HEREY
¢ 15 »



1 pdV = f, pdzdydz
[RIE, 78 v 07 [ HELRE
£, 04V = £, pdxdyde
7E = TR N
f.pdV = f, pdrdyds
BT RS REHERIE x, v, S EBREZANINFTE. #

— gpd.rdydz + f:pdxdydz = 0
x

. N

— g—pdrdydz + f, pdrdydz = 0
Y

_ %Ed.rdydz—}—fz pdrdydz = 0
z

) ' ap
Pf“_ax
F, =P (2.1)
io-""' 3_}* '
. 9P
Pf:—az
raixh
pf =vep

A DFRARER IR HMAS TR W AREB I EOEE TR, ETLRRHR
B NFRHFERENE. BER, fOARAHT,

FRIC. DY EROCR T LA A AR LR 5 RS
FICESRARRE ) -0 s 70 LAIA D, 18 Lk W4 o SR A %5 () A9 7 £ 2 o IR ) O AR E T R
B, —RIER TERISHRCAGGNED  ERABRFTERRY. MR e=C, TH
W R RAEEFSRERSH IR p £ C, A BN REERERZ BHXRAARE
R

EUEAF P B B RB =PGRS HIRU dr, dy B d. REHHFEHLL A
Ao A A% B

_dp dp ap
dp ardx+aydy+azdz

aj {8 dp = p( frdx+ f,dy+ f.dz) (2.2)

HRC. DRBESNFEEAFROD MR, EBLEHT AT ERRE, o= %
B, WALER T W RGERE, B p 7 ¥R, TRGE T A0 L a3, 038 A T Ao 8k

I,
. 16 o



212 FHE®E

(U0 1L A o VT 6 S 7 3 B L I 16T
MR, fE % ki R TR S R po =
WL, S & s dp = o0 % iR R L
P A e {2 (] e G AR 2R 6 T ) W R
i M 1 2 PR B i @ ) R R i . ki —
S (L R TRt o W o S5 I o T B B S
)i b g e a8 i G 0 5 e i

SRE 2 20 A R — % (a0
P BRI S A, v SR LR
A (4 da Y+ dye 2+ dzl.

(EME R 2 i #2 o o R Fy Birf vy 2

W= fedr=0f i+ [, j+[)-K)e=ldei+dyj +dek) = f,do+ f.dv 1+ [.dz

it PR FEREAR R dp = of [ dr + [ dy + fdz) %R L dp = 0, R [Ldr+
fody + fde =00 HFEW =0 TR0 T f 1 dre BIATTF S MM RN E T H
e Ff

SR 2 Aa) G 1R R AR b S LE R W . e RE R h A R gL B
SR TN 1 (T (s T I T OSSO R N T 7 S G " i A A
FMAE Ly A S TR 6 Tl T N TR O L R MR AY F- (& . (B 2. o) an MR
WAl AR AR e - FRR P PR LR E . - E A AR e T T/
WAL I Cre = o T PIRIHR (A2 8] g S e R 7K ol 3 5 S il

M22 BERA

va ————
1 e
! —
#_',_..--"’
(a) (b) (c)
2.3 ﬁl#'—i'ﬂﬂii
2,
2.2 iAERESER) S TR ALER /fl -
221 BEBHEEFRSE y . A(x,3,7)

S AL A i AR A R ER D B &N
e G e 0 e S S R 4 LT f
SR 24 R RS O 38 O b, Oy
FREEACT = fhE R T R PR AT .y B4 BEERSHRE
. 17 &




Rz ERER
f:=0, f,=0, f.=¢g

2]
dp = ol fodzx + f,dy + f.dz)

Hl
dp = pgdz = ydz

Ay BMEMERE. LA = Bia)s, 8
p=ryz+C

LR CHBAERC R RGRE, RN EBERE L, 2= 0, p = p, . WESEK
C = p,, BULFTH

p=p,+rz (2.3)

A
p—8 AR PR S AR, Pa;y
p, HEREER. S FHESKSMEERTOER. p, WHKSER, UFS
Fr;

Y BENERE ,N/m*;
ﬁﬁ&ﬁﬁ?%ﬁgﬁmn
CDEBEBSIENESTE. TERES FHAT, EEEERIESE TSR,
TS, B E M 10 m i, B3R EEE I 98 100 Pa.

M2 DATEFES GHEER p, B Ap, 0T I8 ARERER p tAH 5 074 BT
ApsTH Ap = Ap,. AFRL. Bk AT —3h Fo b JE B 20k, R SE LB NI A A
(REFPREAHED ZRBKBERSAHLSNEZ N el X—KEA 17
HEEC AR MR R BLLASR  BE 72 MU B AR /K TR WL U %30, 7K F3 W) 1 5k Ayl e

R 2435 H - iR b HE O A0 FOR 4 Fe B R R AR
BRI T8 LR THRSHEN. 1R AN
B L33 = etk S8 380 1 TR FD L R, R
HadmeE. M, 208 2.5¢(a),a, 6N, BRB
Ak R BN , ) B RRIF T . AR, B £E )
—KFE LM a, b BRHERDESHER, Bk,
B BB L LR B AR B LU R — K E il - 69
by R EBBAIHEE. £H 2.5 F.,d, ¢ B,
BRI B BARIL B PRSI AEE. BFLER
~KF¥FELEM L,  BAEBBFHE, 000 TaT ST e '

BIGHRNIEN, 2R R RS m R
St SR FRIR B 348 25 6 » A0 T R LR 3 8 T A (b)

SRR RN R E. B25 BEm&HE
« 18

(23
g




2.2.2 S[¥EaNDH
1. R EERETN
TR R .2  ERAREEH. .= f, =0, f. =g, 1

dp = pgdz (2.4)

REMEE AR N LA E
p=pgz+(

HSEREE o BT RONUR . BE. A TEE - 8, TS ERGEmHR
by BFCLZBEAN T BT LU R & R K 3R H 25, B

p=0C (2.5)

Bt N & SRR S,

2. ASEREYSH

MRS BRI R TR LA RS SRS,

I XL LER, A FEBIRE 11 km BEN, BEREE N - A TR, 2
HIE 1 b R TR 6.5 K, X —BRSHNMHE, M 11 km X 25 ken 8 JLEARL, 10
A 216.5 K(—56.5C) , X — B ASHARERE.

(1) Xt BERER S B

= 5. 756
p=101.3 X (1_44 30{}) (kPa) 2. 6)

P 2 AT R m, 0 2711000 m,
(2) [WRE.

p = 22. Sexp(llgg{;;z) (kPa) (2.7}

AWz MBAMR m, 11000 m << 2 << 25 000 m,

2.3 ERIRAXERERM

AR 2. DRFETHERBEE— S EBR A HEE R ERER, X—
REARY O B R0 LR R RSB — . TS i B He 388 7
BRAERE,

2.3.1 BWERFTENES

BASES R R AR 0 SRR 3R DIRES p . P o A 5 8
PR A0 R SR F BT HH R, TR M TR, M3 T JE 4 ph 3 4y 2
IRIREHT . 49 FEAR s 0 AR P4 R FETR, 5 3R R4S IF 08
KRR RIRTE p, WRARK S ERF YRR, L p #R, (R p).
R PR 38 0 3, MK CHIR SRS 0L 7D p, = o,
— MRS R B 4 o B R R SR A T A
. 19 »



ISR B R FI R S R Z B RN T
p=p,— b (2. 8)

M2 8T LAE S SR~ S BER p, KFRUER p, B, WA R D EA.EE
RN E B EE(RRHEE N REROERD . HE—SAMEXER p, NFRSE
% p B, MRS ER B RE, EERZ HRE RN EEARSER p, #m, WESER
p,=tp, —p | (Hp < p b)), AEEERATEEE. TRLEAGAERETASHE
BN ESE. AT EN ~10%FRRAKSERIITEHEHST. B ARER
SHES R,

HTHRAUEEBNIR ALUA K (g, >0
Bip, < p) BB HENWXERSER2.6 . y

TREWI T AL A B Y XS ERERT, !
TEAR O F A SRR M PR AT EIE 00 , 5% FA 3 P
AT EZEREITE CNERGER WMESHTHE », P,
Wik BREAZE. 1B R 12 LM ER, MG T P o
W B 46 1 L 38, SR eS80 , B A X R 3R

HEMBERKER. FTEARKEER, WESH P
RFFEY A, « RRETFE b RENRE b kR °
PP R — o B ] R R B 26 ESMWNHNEZHE

p=7yh (2.9)
K2 O H A R FE R AT RIRE .

2.3.2 [ERAN=REE SN

BrTH -FBERRETRER.

(D MHEapf4 e XHE, AR mEHE EA xR, B /EH. EERAGH (SD
LR N/m* s ERWET ), B PadiR, 1Pa= 1 N/m?, HTHEHELN ETHE
+H AT (kPa) FFEI(MPa), 1 kPa = 10° Pa,) MPa = 10° Pa, T# 8% kaf/m’ o
kgf/cem’®,

(2) PIRRERER ., EHER EHE bR KS K (standard atmosphere) Fi&5 atm 75
GRAE Dy °Cre, ¥8-F-1 1 ¥ Fe3% , B 760 mmHg) , 3y 101. 325 kPa, TIEH{7 s . KSIE
S at 28 (B4 F¥4k 200 m MEBERIE A Tkel/om? Bl 1 at = 1 kgf/cm?, RN
TRAE. WA, A EER 202. 65 kPa, I Z AL A EI8 % 2 Ml SUE,
g 2 > atm,

(3> LIHERBRRA . B¥RKERFEYRESHE L8207 N mH0, mmH,0 5

mmHg, FARXFEGTHERC DH p=yvh HERAL = f RERETHEANERE v,

h #lp ENTRRRMITLGEN EARIME. M0, — MRS E R A

p — 101325 N/m?
g 807 N/m®

pﬂuh
L 0

+ 2[] .



FH 1 ) R A 1 BE

, 101 325 N/m®
k= 133375 N/ m mme

—AN TR RS AR R A 7K HE B B

j — 10000 kgt/m®
1 000 kgf/m?

= 10 mHgO

g A9 A A 1 B

_ 10 000 kgf/m’
13 600 kef/m®

IR FR = RB RSN, EREERATENE, AER TR, SENE
BRI mmH O REES. XSEMBERERARBREVH . BETERLS
KR MBAACGKHTEHBEFPOEHPRERS,

T HAB FRBAAGEE , 200 B R A il A TR B &R E R BRE R TIA
F2 1 HHREEA.

h?

= (. 736 m = 736 mmHg

R21 EEMARAGAGSTRAGREXE

HEER Pa bar mmH, () | TRXSIE at PR SE atm o
NI
g% | Nm) | A Nmt) | (kgf/m?) | (10° kgf/m?) | (10332 X 10* kgl/m®) 8
" 9, 807 9. 807 % 107 1 107 9.678 < 107 0. 073 56
W | 9.807x10' | 9.801x10 10! 1 9. 678 X 107! 735. 6
* 101 325 1,013 25 10 332. 3 1,033 23 1 760
# 133.332 | ).3333x 107 | 13.595 |1.3595 %107 1,316 X 107° 1
2.3.3 MEEAKX
1. RSN B EWAK
A I B, 8] P
| 4z fhE A W e Wk FEEER Tu _WERALS
FfE I
_ . P
p=y+C __;_;_'a_ - [PBPP.' Ea
G B
Z
z+ P _ C ‘ ‘l"—f’ Z,
H z
AP AN BREE AT HE 2. 7 i, 0 | )

» ARPEF S GNES A, B fOEREER
LAL B0 B o R0 T o8 B R o K 3k, B AT LA
HixEsR, MAEXRACERBERANE SRR,

2.7 MEFKL

« 71 »



Lo BRI AER R TS B R B R T LR ARy M

WIES - FHEOBEIE A, W (2. DR p — yh, REh, — f K.

h, RANEEBRESRERKL. EHWHEEN R SO EREGEFHERLEE (N
FIERE) )
RS SR ERBAERENE AR AEREERZ MRy i HE AR

SEH B MR IRk Sk, R DA TR (2. D) z+-f — C, MEFRE

Fr il & SRR KRS MEE KL RR T TREH—F AT, 2.8
PEEE LR R R ERMMAE SR AR B ENRS.

2. N

MR S A RN T S SRR, R R R E e A A R S R
s B

p, = p,— P,
o1 HESR A A T LA AR T S 2R TR A3 . B L2 T B

p, PP
hy == -—‘ — ———"-Ha ab .
. - (2.10)

B2.1 08 2.8 HR EHHMEMESHSIHE T KBS 2 — 50 mm, REBK

FEAS R SR p FIKET B 2 .
W E 2.8 ARMARKETE ., K EHR ﬁ]:
£

S He AT M 45
Py = %Yy, = 0. 05X 133 375 = 6 668. 75 Pa ., !pm

AR KE MK EREENE — kP EREE
TR N R

Pp = THzn 1

Py _ 6668.75 H28 ME
= 25gn . = 0-68m L

I =
}'HZH

B12.2 o B R E i 2. 9 B,
HRER A, B, C = AHER. /\

3 ﬂﬂ—*ﬁﬂﬂ(iﬁﬁgﬁ%k‘—"nﬁ,ﬁl?ﬂlﬁﬂﬂ et C §
IR, B ABYER ps = 0, W A S IEWR 2.0
A m
Py = Pyt Nl = 9807X1.5=14710.5 Pa s 1-
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() O] EAEMAE ; (D ARy EZE ifk.

312 FRERER.FERTHERT (2 EHE3T, i BEH T (b {LREMZE (R B M) (X
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R E 100 mmOKEH) N, BRMREN IEX?

) S E . D Z
\ L__..;_]f

Ik 4. 10 [ 4110

.11 051 4. 10 BFTR  — B LK F /MBS TR A T, R — R, H d=
. 100 »

¥ oW




0.6 m, WEPE =0. 8, ZHAVMEHKE ~h=3 m, KEEHE D=60 m, LKAREE
1. 2m G JKEEZ R 48 m,oR g B Ao 98] . |
4.12 MK 4. 12 BHR KBEELR B=0.9m, & H = 1. 2 m gy JES M, R
O A TRERBEK B & = 0. 6 m, WA (DFIITF D REGE IR ; (20T O 0Lk
B HT S S RE.

=
Lo
L

el

i

M4 128 JR4.13H

4.13 SHEFFHKBHAPKERIRBHANB biK, KEREFHESEBSOREATGH

FORBEMAM 4. 13 BFR. 5K (DERDMBRELERGETFASENEME:; (DM
IKIE B BB R, (FERBUE: A. <A A, € Aoy 57K A TP BN E
L, A B Il R HL R /L)

4.14 467 fH 4. 14 BERR, — BB AR, 18 L A A con T
a=30°, K B H B D~150 mm, JE 71 % & M e
P=3mAHE . WEER = 75 mm, KM 2 -/

B KRR SORER RS SONR o
&1z, e

4.15 075 4. 15 BFF R, K LA V=10 m/s ¥ BF
M H 50 mm ) B g, WYE B9 — o8 )
ﬁg&lﬂiﬁr’iﬁ%} 100 mm KEFREZ . KRR L, RIEREEERS -
HEO

414 8

<11 4. 15 Bg 14,16 @
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4.16 N5 —FRPBKAEN R T E T A RH2, A8 8 G a3 shin = 88 4. 16 FIAT
R, CHARRRR Q= 0.036 m*/s, KHKOEFER V = 30 m/s, HHARAA
BQ =0.012m’/s, B EKEERER LRSS F MARKRER o« (BEKH
HRLEHE,

4.17 — KSR LA B o XS X BR i e s 0 ST 4. 17 BFUR L T PR R
SICA o b B PR A - (O BEME RS by BRIEE s (2O MR, o AR « SSIR .

A
/ 1,
=2l
¥
A,
/AN
IM4.17 8 MK 4. 18

4. 18  AN>JA 4. 18 FRAR @ B SN D A MBS SR Ay = 10, 5 mmH, 0, {0
B by = 20 mmH, O, 052 SR p=1. 2 kg/m* JESHEE o' =0. 6 kg/m*, BRI H
B EE H ~ 5m, RREELERSAIERIBE.

4.19 N4 19 BHR. BN L =700 mu WEB.EXRATHESE N 4, =
500 mm KB X E.A-ABENERY 70kPa, BERRQ=0.6m/s, BiXHRE
M. (DRTKRHR% RXEZEK TS (OB KLRE N ERBEA LSS
BRI ZR KRS, (REREREENAER.D

Q
1.8 m l_%
| ! rd={}.2 m
6.0 m ﬂ
0
A
1.8 m =
|
ﬂd=0.2 m
0
4198 M 4.20 B

4.20 FEOUKFEE 224 N, KA 80K E 897 N, in R HAFES £, B B0 4. 20 B
IRRHERERER, MRS
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B5E CPHBRMR

AT R4 B A R, SRS AR, R B, AR X /A E RS
i, XA BRI R AR E . EVEARPANFEEES o RAHHIFE
HekEk ¢ EINTHOBRRBHATTE, AThSairRR ety R, o L R &m
F, fAC AN — SR Rm, LIRELHEHREAINEZGT RALETF RN
£ M BIRE . 1 T35 R AR R BOUH B #7793 & (Cauchy-Riemann) 545, [H A1 AT X
FIF &R B 2 TRK R E S

fE - A AT R SRS WE 3, AR B R B RBERE, AnhRER
S fER BRI S R Z RIAER A7, B, T e R — MR O 3l () B A1 oK A 8] 4248
£. FEHRREREIRZRTNA+TZ, 2BRREAH AFNERT.

5.1 THBRENER

5. 1.1 MMAREN

EF- I HWET, R EEEE T o MFEE ¢, AT IE S R 5 2, 802 18 A1 8
¥. MBFHEEALIRREPHRENG. 33).

r?J" y
y dx

7
b2 B8 . 3B~ 1A R SR R P - B8 (Cauchy-Riemann) &40, 24717 LI
— it B 65 3

Wiz) =g+iy

Ath, z=—o+iy, 1 — v— 1,

5L BB AR, (2] — B T 5 28 el MR 2R — b Y 1 0 - 3% B M S 5
FR MBI RE RS o, EMEFR MBI ER ¢ ERENED BT TREKR AN
B, FHEEFRLB/TN -THRENERE W, i—PE it M md g, M
T 505 ] R W) L 2 P B8 R X — B3 T Rk AT, e el DL e R IR R R
3 £ BRI HE

5 1.2 @RV EL RN

R I EPCLEH TILUMERNTELR, REFERFHELNT.
L 5 E&HN(R)

AWBEE X Us . 75 18] = By o] —Bat, ;A (3. 38), (3. 39)78
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p="Uoz vy

p=Usy

[Jirﬂ
o s
Wiz) ﬂUﬂI‘}*IUn_}!:LT:}(I_}_lJ’} =z (5. 1) a Y
X

ﬂﬁﬁﬂ'ﬁf‘f%ﬁ}ﬁﬁﬂﬂ u=Uscos 8, v=U,sin &, MBE (5. 1) b

R W51 REA AR
W(z) =U,e ez (5.2)
2, WHC
I REERICE TR SR, B3 (3. 44),38(3. 45)18
i B B
= Ltmy
= - In
eR %L
G = ;tfﬁ {m > Q)
B
W) = T2y 4 £
2 2%
=20 r 49 = L2l + e (5.3)
s 21
= :t?":lln re? = :t?;-@lnz
%ﬁﬁﬂ:i?ﬁ%ﬁ o ﬁvmﬂﬁﬁﬂ‘
W(2) = T (e — 2,) (5. 4)

2
3. ik
TS BERET, AP R LT EBES,
(D) R IR FT B BIHE R — FHICPR A 21 0 7 R0, O B I s 4 A S 1y o

LIRS R MR EE o, KN o, F i REB@SEF 7. BT RERRT AT ERa®
B IRR AR o0 BR— DR RIS HAR. ARMBETHTRER.

I' = 2xa‘w {5.5)
A
a R B 45, .
w —— AR R R M e BE R b
'—&EiNE,
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(2) . B TEBERNFEE, WA BREES E- T RFEES, R IAR, © 0L
AT ERS FETUERAZESERGRFEER. RN EERE N BER TR
ALHRA A (3.52), (3.53)18

wES
I
= ﬂﬁ
AL |
p=— EE:]H r

B IR AORERS A I B A I P> 0, FRMERE, W < 0, HE

W) =Lg—iLins
27

27
= Lg—inn = Litnr+ig (5.6
2w 2ri
_ I
= otz
HERIBBRTEEH z = z, &b, WHE
W(z) = Loln(z—2.) (5.7

2l

4. BT

SEREHFE L FEELHF @R « F) EREE, 8 F R0, R (3.56),
(3.57)48

EES
_ Mcos@
¥~ on -
i bR %X
. Msing
¢= 2n r
HE
W(z) = Mcosf ; Msing
2x ¥ 2r r
_ M1 iy = M 1 (cos@—isind)(cos 8-+ isin ) (5.8)
2m r(cnsﬁ 'sin §) 2m r cos #-+ isin 8
_ M1
In %

- HERTHEE » = » 4, ARETREICA R « &, e
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Wy =M _1 (5. 9)
21‘1‘: r— Xy

FRBETHRBTLAFNS « il A1 MEH

Wi(z) = M _e

2'112"_1"(]

5.2 WM

5.2 1 MEEHNHEHEE
- EF RT3 R E 5D AT 8 7] DO R FK T AT K18 Fids o (2 B s Ab B i oh
B,
Py -k
W(z) = g+ ig
WX = T 18

dﬂ:%+i@=@—i£@=u—iv
dr dxr dx Iy Ay
M LED EEFUNLHRE - B EE R o, SEAEIRE v iR a3 E HE o
i A0E . 30 S. 2 BiTR
RPN E S

d—“w=u+iv

dz

AL S B RIS, B TETORE )y

KD g A
¥ = FFT=U T

B SR TR 2o
W _ ms.2 mmm

dz

kH o = arctan 'ii B o BB T, S HE A L ERY.

E

dz Ues

PSRN E Y BHME ST RS RF N EE W (), - ABAE S, RTUE
Bt 55 19 o B 3%
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dW ()
u = Re
{ :;( }} (5. 10)
v Z*Im{*-“a;“}
5.2.2 MEENRD
L EEAE T 2y
X, R—H A B £ FPRESEE d. 1 v
Bl 5. 3 BER  BRALSUAEE o SE X o - i MY iER L B
HITR,.L D Fon(RRAR) RigwE X, {
Y
F; = I df e,
(‘5‘ (5.11) *
=§Iud.l‘+‘vd_}'+‘tudz m5.3 ﬁ!ﬂ;l
HRAERW W AFERER olx, ¥y z. ), BNG IDARFR A
I =i¥: gfd.r—l—%dy—l—g—fdz—id@ (5. 12)
2, WiEHR
e Wi B — 3 PR 28, £, & o B NP S g I S H
¢ TEde — b aw ) = (dg+idg = dg+ b dy
HEFErMERQAENL.A
I —fj; dp = REHS dW(Z}dz} (5.13)
Q=£@=m&miﬂq (5. 14)
Bk, X EE R
£§%§QE=IVHQ (5. 15)

ERRET iy ShE T i P 2R R TR R B Q..

BS51 FPEHAAAEFRELSR EHBHERRBW = axi(a > 0), fEE A4 ESR Y
po WK (1) BV HEAFHEIN (DR PR TP HRSE; (O x MBI .

B O EXG 1. EaE

aw _ 2az = Z2a{x+iy) = 2ar +i2ay

5. 15) B SR B NS BRI £ BORLA B o B R TR I

d=

R W P 37
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= 24t

v =— 2ay
(2) A
W = az’ = alx +iy)! = alz® — y*) +iZaxy
18 R ¢ = 2axy ,
HEFHE =FB . oy=C (=0 A

FATHEAREEME 5. 4 B,
(3) BTN BTIEN ., FER KB B 5 #oK H ik
(4. 6)

p+LV: = T o g
BS54 Wread BIKEERER
AV = vu' + = 20, r FIRRBIESWER.

L =04t p=po. V=0, C= py, HhiH
P02P+€4a2’2

2l p = po—2pa’r’
FFEPE SN EER A,

Bis.2 SRR—TEBR, RRBIEEN W) = 2in 2, (DERMEXBR Y B

TR ISD s (O RIBAR 2° +5F = 4 fFR AL —BAM TR,
B TR SRR AN SELNRETERHREMRE RO L EAR. &
ik UL Bl B9 S 9 R A0HG [0 ST 87 B0 3 0 B 44095 B b A B B B T

(D) W TR W) = 2ln = = 2lnz—2ln(z— 3)

BT 2In 2 BRIHEBE m = 4x BT 0, O mHER,
% F — 2la(z—3), MRILEE » = 4x BTG, O SAHER.
(2) A = + 5" = 4 R BETZELAT R, X (5. 13),(5. 14) , ] 78

Iizj=2 = Re{ﬁﬂﬂ Mdz}

dz
Qrei-z = Irn{ =2 d“;frz)dz}
%g — 2(%_213)

EEHYCE R

‘jE|=|=z %dz - 2(3[;|=|=2 _i-dz_ﬂglzaz zi 3dz)

=22xt » 14+0) =4ni
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HTHE 2"+ =4 REATARFE AR RAREIT. A TEL+Y =4 RFR
R 4n BRAFTE UKL R 9 4n.

Bs5.3 E—VEER, ARHNEEN—BHMRER W) = (A+Bdlnz(A, BY
S RO TSR R R 3 S B B AU IR S AR TR sh T

 HLUTERHAR.

Wiz) =(A+Bi)lnz = Alnz+iBinz

T Wi(z) = Alnz BEFE N m = 224 HEGLHET O, 0) KER
T W, (2) =iBlnz, MEEER I = 2xB HEBRBEFO, O KHEHE, (4 B> 0
B o o 1 AR B 7 vl e A o 2 22 W) S b 7 1o )

W E T #4340 -
Wz) = (A+Bdlnz = (A+ BdInre” = (Alnr— Bf) +i(A§+ Bln
WA B R B ¢ = Aln r — Bg
¥t BR ¢=A8+Blnr
y
m%ﬁpﬁﬁﬁ}jﬁ . = agf ] ;‘i $ 5!,:(1;
_dp __ B
v = L ag , o=C
- /AT + B2
r
B A8+ Binr =C
Ine*+Inf=C
lnre¥ = C M55 ZERNR
—tE'E[i r= CI e_ﬁa
[ﬁﬁ!%ﬁ%ﬁ ¥ = Czeiﬂ

AR BRK , ine 5. 5 Bk,

5.3 RBIEBRABNAE

TV 8 3 T SRR B B T ROR AR OB B o M BB o, BB 4 T 1 R0
SM ) LARR PSSR R A8 3R A 2 5 R T 0 T W A, 3 — B T M it g
BB L 3 B 385, 38 W) it — 30 187 T S 78 SR O T LR W 7 2 o gy [ B, UNEREREE S |
0 FEERRMANEBBILRR o My XBAR AENENF=HE—FHETRBRE
HE R R
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5.3.1 FRPME

F AT LA 6 E 3 I 4 1 T 2 1605 30, 3 JL A8 3 o Shk 5 e ik
FIeE A, FREE AR B A X B B R A R TS M A R
EIERMEEAEHERKNEN IR RN BAXASESRREREYR, REBKN
19 R PR 8 3 0 7 e 52 A 8

1. LT | %

HERK AR BASR T KRR RT /f’\\_\

HEM s K EE mE s 6 fii. RBREE — -

W 5 BT AR v
(1 SR AR, 28 4 TRk B i R T

R, B 5. 7(a) Bk,
B S 6 ST HERD
2 B REMFEERL. SFHX4LHA

(RN 5. 7Cb) Bz Y FIFF AR SCRR IR CON R 5. 7o) BrR ) LRI AR .

Hs7 MHENERM(a) XX E. CHMBM(b), ()

RER, AHRBINERFLHE 2HERRRE R,
TR 8 Us (7 iarHy o« BhIE J7 1)) FIs B7E IR AU R0 AR 7 GREE 9 M, B 21T 7 1
K x FFED AW, ENAG BN RS A

W(z) = W, (2) +W,(2) =Uﬂz+g—i§ (M > 0) (5. 16)

X TR A W DB S M AR FIREE M BN Uy 5/ — REHLL 5
BiAE R r = o ) ELFEA M, EMRAD, MR LB o HRSBEEE RS,
P r=a MRS BN MRAF S BBE. Ko B AH BRI R ORI TS
&, M3 HMAMBOTE . 07 B LR STE RN B AL, S8 I 5 (R
MM B LR, BWaHmT.

ﬁ?ﬁ%i/l\ z = re', 1%

Wi{z) = Uyre? + —-'nie” if

2rr

FeFt L3 AR

@ = Usrcos 1 Mms&
Znr
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¢ = Ugrsinﬁrﬂqinﬁ

2
HHEEWEL A ¢ = 0, r = a, BATBEIBHASEIEE r = o BANKH
M= ZTIHEUU
WG A S R BN R X -
g=Us (1+% )reos 0 < 17
(,b:Ug(l“a;)rsinﬁ ‘
LR ik
o= UD(I—%;)rsin&: C
N 5. 8 i, ¥4
FTEHBHBEE _+_J/fﬁﬂxxh_‘_
W(z) =Un(z+§) (5.18) Y 3\\_—-}
(1) I K—//__/
{a, =%~y (1 —‘é)mse 5.8 HEmMMERE
: g (5. 19)
Uy = f}é? :—U“(] _l_;_z")ﬁlﬂﬁ
i& 5 .ﬁﬁ&ﬁﬁt{fﬁ-‘ﬁ,ﬂﬁ Fg = dy» ﬂﬁﬁfﬁﬁ

s EO

Tes —— 2Uu Sl g

B 5.9 R EBUAERRTEBE A A FIB (0= |
180° 1 0° DB v = 0L FMACHD F(o= v -
+90°) EE DN v =F 20U, HERMKARKRAE /-
MG, RANE R KEES., (v BUXNYE — A
ﬁfﬂi{ﬂE,Cﬁng =_2UM ﬁ@ﬁ]ﬁ“ﬁﬂlﬁrﬁﬁ)‘ﬂ'ﬂ _— k .
—B.) 2 Y7

(2) [ 2 i 3R 49 7

BEFEAEKERY p, WELHEE FEy 0> BERESRASR
SRETR ps HAEREH A EKE .

2U

Np

o+ LU = ps+ L4
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vy =— 20U sin 8

BR, BEHGEREAIER ps AT .y BT ATREA A, BAE (0= 180", §=07) )
PR BK

Psomx = P:-»:- + _%'P[Ifz}

fif b, FM& C,D & (6 =2 90°) FEIREE/;

3
Ps.on = P _EPUg
SE L ERE ¥
C, = p.‘,l;p — | — 4sin’d (5.21)
=gl
falia

Pl 4 % 181 Hs 5 43 A AREE 5. 10 BR.

N ==
, ) /@ m 2 ()

m/
C, -1 e f”'@ DEMOR #)
W
\ / — e
Y f’”f—o—- 19 A8

0 00 180
84" )
510 EEkREERSTH

RS B A 4k (6=180", 8=0"),C, B KE. B C, = 1;

T 0=190°4b.C, A B/ME, B} C, =— 3;

FE 6=+ 30" R 9=+ 150" 4, C, = 0, BIiZALMIETR » = po.

MR R LAE L RIRTERHE R IR BT «, v 809, BT AR EES
BHSHLRFETE. & FHOWUE T AERBREYHE L, ABER KRS Eatk
FERBBE R, NARERAEE EMEAE NI STFR, P ERERtPHSEE
Kzghn, FIZMNEIEFR. AREEZREHNRMAESE, tEAE D KN R

(d’Alembert)7E 1752 FH B 8.
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BENTHERBASYBELCHEE., NBEREDEFOTA. ESRYEETEFE—~
ARG AR BEMERE T ERRELRARY . T HEEAREAEAR, F HAAK
ERRIHBLER, Bl E S B EHER ), AR ERAPEsLESTEE D, A
RRBSAE RS b NSRS R RAEEE .

Bis.4 HERNp WMEHASH TAETKE. EER U, MDA BHE,
A B A5 78] T 17 ) 7 AR /N6 1) B, B EEGRRE o TR 5. 11 BTR, SR B L B B 1Y
BAhKMER U, .

W EEREHAEU, S, g & 6. 200, KB
HEA KRR

U, Py P
Pleze = p.. + v*g-Ué(l — 4sin’@) —
%} T H 55 3 AL AR FE R ///////{/’/oi////// X

— po. = LU — 4sin’
P=pPe=7% sin”0) WS 1l EREMESR
YHBEAHERTASHELAT v IS AR S

F, — j "— LU — dsin?)addsin 6

— aL (1 — 4sin’6) sin 86

me

pew—rrry

ot a
[ o S T AL ¥4 kPR 4R oo, EREIREBE H PR

P:x: + ‘%UE = p{!

AR NI TE 4D R BIBITE e v Bt 5

F:,.g = (flﬁ "'"P—.p)zﬂ == 'g‘UEZH ZPUEH

BIAL A FIRTE A W R L i Tk R BME £ GRADF, 5 51% .
W=pg5d CFaEmF)
Fy, = pg “g-a:' (FT ] 1)

RIBEE L TR ER KRS BN ER U, S .
W+Fb —f_.Fyl +F}.2 =0
E) _pbg%az—i-pg"g*ag-l-*g-p{fﬁa—f—p[ﬁa:O
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s U, — 14,3 gﬂa(Pb_._P)

Fo
2, GEHEEAEREORN
MEXF P A TR B RS 4 5 Rl 1 2 Mhs%

SR . BT AR SE AL P 2R RO W SY A0 5. 12 R —
BN AR ARELBEA XA ROMAES U )

b RS ERN—TREN RS RGERE,

K':F'};Fﬁ I'= 27[32&#* jfﬁ’][':’:} w H‘J%ﬂ_‘ﬁaa ﬁ&ﬂg
512 SNEEEFROKD

Mefr
BERBARFEREHES.
sl #) 5 &
Wiz) = U{,(z+“—:)—2£ﬂ1nz (5. 22)
X
aw AN
E_Uﬂ,(l zz) 5 (5.23)

AL S BRI zs SOOI RAHE Tl M 7R,

g2 .18

sl o B = e T]
HAR zs BN E D FSNER U, .7 LU T =iER.

I
{1) ﬁﬂl'}tﬂU{. {1! EEP{: 41‘1‘.’&Un ﬂ;‘j-:

A F — -
:‘\7 il-'r[ﬂUD Slﬂﬁt {'tAﬁ(B 24)9{5

zg = altcosf—isinf)

FRARE S A LA A, BB, I 5. BGOER, K2, SR AE A, BFA MF
B r—4nalsin g,

P e
(2) g 4_—}'[(,1U1_:. — ].9 jp‘" 4T[|‘ZIU|:] ﬂ:j-:

Mafsing=1, Bl g= 5, AR 20,18

Ty —— al

RIPiHE R A, BESER —&. B FHEEA T2, g 5. 13(b) ik,
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3% -4~ 1, %> dnal, B

41'r:aUg
A r _ . 24,4
S i = coshp AR 200,18
zg = ai{— cosh 83 sinh &
ﬁ g — ‘““e:II‘EEJEiI
Fer — _ﬂie_ﬂ
g Tox = izﬂz

2o = ze = la, WRTHE _FAEE, AREXANIRE—/DF e H—TKTF ia,7h
T ia MAEBFAEN XA SLRESR, A F5E. M5 — M EREZ 5, s 13(0)
F7R

yi g Yi
%7,
AN B) h/
() [ < dral/, . (b) I' = 4nat/, (€) T>4dnav,

5. 13 PR IRES S Ak ek

MELESHrelE W i FIRRAE s AR b T 88 90 W h B 0 B o e 3 L 36 3k 23 i
TERRESY, B RIREE I K, BF S A7 AR

T A R
# 2z = ae® AR (5, 23) . BB REHIZF NI H
Tha =— 0
v =— 2UJ, (sin g+ 4::£Ug ) (5-23)
TERZERERET LA ERSH
p= Pt 3pUs[ 1~ 4{sing *'4::5{}0)2] (5. 26)
Y4

[ 4t 22 i _f- % HE SR K 3
C, = l—4(5in 8-+ 4:;5[1{,)2 (5.27) /{%ﬁe/

fER7EAE L MIER-& 0 F XN B G 1O MR, B & \J
PR E R — TR dA L BRAR M U 1 TR S AR B T

NRE pdA KSR E v 8 T BRI By, T8

Fo
X

B 5.4 WeEskEA
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—{p.+ LoUi[1—4(sing+ )z]}sinﬁdﬂ
Unl (5. 28)

i

Ty

l

Ty e
=

7] F,=0

TERBXNEGRBEFMEEAONF, AT A F. #n. X5 BHFEFX. RiER
HERE B RS, RSSIC R IR, E S 13 R, B FHRAER E I EERBF
VAL T3 BEE F 1) R 10 0 B S B i e ML [R) L T B T RRS R X S B IR KT
S, BASH R, B EERESR/NFTFERMED . A~ A
. BHEMNEERSXFFET v 8.8E - Fimh F, KORE BR A F, W{ERZY
BB TR O,

— R TR I R R TR K LSRR 0 I L BTy B T B

Kk A KRN FL = Ul BB E BB R e,
1852 4F , S 9T (Magnus O LR P ZH T MAMF N, EFERE =¥ miEsh, X

AR GBI N DRI, TR FiE AR > S,

EHFELRP FLEFRORRE TR SR AR AR H RN, BBRiE30 0 5k
PEAER » BLRAT UL R — AR 2R ) S8 0 7 (T BR B BSF I B il A BRI X R BR A R T A
7. H5b WSS RRP BB R AT R,

TE L REER %0 . O 75 A5 b3k BARIH A M 2%, LAE AL
AR T R . 1 5 (@)@ DB

A —FHKE D 600 W FIRE . BIFE K B 30 T A1 89
Eﬁﬁbﬁl’%ﬁhﬁfﬂﬂmmﬂﬁ Ug=6~14 m/SBﬂ'rﬂE%ﬁﬁ: t 1 T
ALK 6~8 7. B8R HE 155 20 £ O W ok 28 RO T B
FRCRIG, H AT B R ) B X B ol 4R K, T 2 A S.15 WHMRENT
k.

B EESRAEPFRARRNATHHTASHERBRRHNEIS. X
FERNXBETRBDEROL R LR, R—AE S0P WS RIS, E44HS
PHAEBXMWERBWE. N RIS RE R LRGSR 800 8, B KR 7
FHR AT SBESR.

B 5.5 Rk AE 5. 16 Braw, & 0 #0703 UR 2 TC R By 4 e, 7 Rk
Up = 13 m/s B R (R SIRE . 0 cB B0 8 ()t Bk ST  BRLE 7 (DR B
HRFEETE,

B OEFHEMRITRWA S 16
Bras - TEBE B L DR IEEB A /K 24 &, U,

R EL BT LR ETF —w
Us MEHBMRES m HBTHAHE o 300 m
k., B 4 .
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\ o Tg _ 3X9.807 _
IR ¢ g 5% 3. 14 4. 68 m/s

iR e A=cT =4.68X3=14.04m

6.3.2 3K
ﬁﬁii&ﬂ‘]iﬂﬂ—Iuﬁﬁﬁ#ﬁé‘iﬂﬂi&iﬁ,Eﬁlﬂlﬁiﬁﬁﬁﬁﬁ“xﬁﬁﬁiﬁﬂﬁﬁﬁﬁﬂ, —A R

B B REF B (R R T 0= kr ot B, 5 =— 2 —— TP48)  EARR

WE L B AR AR AR .
BAETTBORE

g1 = S sinthr —wt)

= -g-iﬂ e=sin(kr — wt)

AT 3

@ = ﬁ%—e sin{&xr + wit)

X PP S 6. 1A Hl, /b —F . ARSENE —#N, EflXeRE L
HEEE T RAL R KA. B PP St T R0 B e BB BBy

_ _ B g e — -
¢ = @ —+—§o;g 5 e*[sin(kr —wt) + sinCkxr +wt)] (6. 28)

ﬂ .
= e* sin kx cos w!
{r

HTEFTRAARFFMREER, FASE REAEE SO SR B &.
A X R O AT .

1. BEREEHR

W6, 28)0fL AL (6. 15,18

a
r=—L 2P| = A sinkrsinwt (6. 29)

g dt =0

(6. 29y FHH .
(1 fEX—Eeez. 5 him—IFiEiZ,

(2) FHEE - MG = f (n=0, +1, 2, ), ZLINRARHEEL,
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3X Sk S FR O

(3) MWW A2 FARLH R - = 0 B S e (2 > 0) FMIED (x <0, 4iFF
Z M.

(4) PGB o 2 [A) 32 3 1 20 o e o
FOERER NG, WG LERERS, ¥
8 R | Agsin wt | SRR A Ao

B ENE LS TR AR Tl
B EAMEL S IR H Tk,
R 6.5 Ff .

BEBBIBEK A B b PSR 5 815 me.s BR
AHERXR.
7= 2x

2. ERiRE
R EEAAINT .

rﬂ = g—f = Aswe® cos brcos wt

1, (6. 30)

w = E;'_E = Aowe®™ sin krcos wi

A (6. 30)HBH FEH A« = ’;%‘ AL, wo= 0, u s 0, GFE{HEKFISsh; ZE ok e8ak i & 4b,
v =0, w0, FLl{E LT & EE 50 MHMA SRS G KT RETFEIHEE.

3. M rek
(6. 3O AL RO 5 18, S AT —8E, LAy 2o ) o8 (o, ¥ .18
cji_f = AD{UE’R“ COs kT{;CﬂS ot
%z = Agwe®o sin kx,c08 wi
Harr 1%
{I — xp = Ape®cos krysin wt (6. 31
z— 2 = Age®0sin b, sin wi o 3D
BE .18
2z — 25 = (x— zo)tan kx, (6., 32)
7, (6. 32)F8H.

(1) FRalRe FER, HRS O BiHHE £,
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(2) FH Ex= nft £b, tankr, = tannn = 0, WL N
?K‘TF% = Zyy —%Eﬁﬁﬁ_‘ﬁn 7@[—'

(3) FERMEEIE B AL, tankro = oo, MFAMEL TEE 270 ™

T

B, SEEAMT—B, -
(4) B EIRE Ace®e Bl %N TiE /. IS 6. 6 74_%

B i -
4. R

> g AN, .
BB R EBRAEBAR, K AT

i i

e e I

=— yz + YA.e¥ sin kxrsin wt

FERR 6 31, W LR %
P =" "o

EAER SHTEE B,

£ B RABL R, YT UM P B AT A i B ARt R B . 7 AT R
TR o i BEEL B RN — 3 P A AR K AT S — e, G B AR A R K
Moy T BRI RS A DR LR .

6.4 HRZFEERERRN

6.4.1 FRFAENNEHTER

HEBWRECL XERAR KNS ERERRZ 4E TREM N A&, Bz e
.
RIBERGBESD RN REES

= 2(z} « X{x—ct)
%lthi’cﬁ)\ \?Etp = 0, ?—F%ﬁ%iﬁ‘]ﬁ?ﬁsﬁﬁ

Z(z) = A,cosh bz + A,sinh &z
X{x—ct) = Bsink{x—ct)

mmﬁ%ftr,%z:—m.ggﬂ

. sinh ked
15 Az *—-A; *—"——-msh ]
_ A coshk(z+d)

B, Sk IR o =% BRH SR (BT, 3 35 o

o=A ms};ﬂg}"g D sin bz —ct) (6. 33)
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e REAM, »=omt 22 ~— 1 ¢ 4

g adt
&= -ftanh.&d = g%tl;anh—?%ﬂ-f (6. 34)
BT w= k. &
@’ = gktanh kd

B R KB 4 BN AR K AR B DU RS RS (R R R KK
BOH LR B R ) . X T R BAA KBRS PRABEXER.

W fwooff, tanh kd = 1, & = fl, X5 19 H—B; Y 4 R/P, BNk &,

tanh &d =~ kd , Wi # c = Vgd .

BEES o Az = 0 HHBEEARMR r —— ‘}f,ia

1
E
§ = Apcos k(x --¢t) (6. 35)
1, A, = *‘—f , X EH E i ERR R A TS EREE SRR e~
AR o6, 3 FAG. 21)

A:—k“

TEZN_

L

e’

2n
ke
SRR 5L .

BEEE XM r, z RIMFE I * = ghtanh bd ERRXMA BREERKF

_Jdp _ cosh k(z-+d)
y dx A sinh &d

cos k{x—ct)

2 inh k(z + 4) (6. 36)
“ E:E = Ao S kg SmAGE et
HER SR FC AR B I B IR
X —.x; E—AG Egstf;hzid+ E'f—}Sin k(IG —fr)
e — A sinh k(z, + d) bl — et (6. 37)
o 0 sinh Bd cos k{x, — ct
. (x = 2,)° (z— 2 )¢ _
:2 I:A CﬂShk(ZQ+d}]3+[ sinh Bz, + d) 12 = 1 (6, 38)
n sinh kd ’ sinh &d ]

RIRXR— TR, SO R RE S A, KA 8055 B B L B (z, 2,) Rt

- cosh k(z, +d) inh k( d _
Lo A, S ok, A, TSR g s, 1T TR
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T kd-—co, K AT 380 T Ace™ BT LIKE AW s R UL A, ™ 2 RRH.
AT B, B TR o T8/ IR TR R 0 A, o SRR A, (145, Bk

SN AKERES : EX ETMEE.EMRERLELER/D. EXE (. =—d) BN
F AR — R . KRS A8 f G PR 358 7K B g [0 8 R B, X 2 I TR 8 Rl 3 G 1
ARG BE K R S p b A 6. 7 AR,

z’ ) ZLK-\\
A4\ N .
O [ -
[ i ] L —
Y ey ey il e V7 T e

(a) TRk X (b) #HBKRE () AKX
B 6.7 FREARIRTANE SR
W o WA BB A (6.16),18

ples 2o 1) =— ¥y + YA, msgﬂtffgd}ms Flr—ct) (6. 39>

A ISR AT LAS3 R PR, 38— T — ye BF oK R38R, BV IR 75 0 052 30 1 — TR AR
L B TR S KB AN R ERE TR EEERN . — &l FEHEL
IR, ATTMCE T EIRS . R
H T 3 3h o = A 4R O e IR B, T

Z

C{x. B

AR KT B | —

6.8 #7i R TTH T H RS E, O I %
X B coshk(z+d) . i7

A8.30 %, » = 0Bt ﬁﬂiﬂ = R
LOBRAME . MEKRNREN, cx THES KN

B/, 2 aut, Shkletdy OIS
¥ T = 3, —_

cosh &d 68 HMPHERDIA

1
cosh kd ©

6.4.2 BRERENHHHN

BB TE S IR BE VLR b SUSHE B AT e B, T893
BB

@ = A;g mﬁ?ﬂiizkj dlsfn R4 COS wd (6. 40)

B B AR A

¥ = Agsin brsin et (6. 41)
L] ?M *



iR BE

J h k(x4 d)
o __f _ COS
U - (e sinh Ad ¢0s Ex cOS wl
2 5 X ) (65.42)
_ 99 _ sinhé(z+d) .
w e Agw b bg o0 b cos wi
ﬁ}ﬁﬁﬁ
T—x, = A, ms};ﬁfhzi;- ) cos brosin ol
sinh 2(z, +d) (6. 43)
T-— X5 = 14:1) sin Sil’ihz{.'éd Sin kIn Si.n ol
ay,
z— 2o = (1 — ap)tanh &{z; + d)tan &z, (6. 44)
58 43 A
p == yz+ vA, msgﬂtiﬁ;— d) s1n kx sin w! (6. 45)
6.4.3 KR
55 L1, TR ROWRF BB GURR DK . A RIEE & RN L0
HY- 1B A
cosh k{z+ ) A ]
cosh kd i
MK (6. 3375 5 7K Ik iy 3 A 9%
@ = Asin k(zx —ct)
R
A=t g A fg
ke kv/gd kN d
HCTR 7K I8 1 2 B
@:%,/f}smk(r—ft} (6. 46)
H B REEAR
L= Agcos k(x—ct) (6.47)
T 45 T B B (6. 36) R4, % g oshk(z+d) 1 sinhk(z+d) | =
=) i Bl TR, H ik Bd i1 eoh id mH—d
A
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u = i‘E = A, , ,fﬁ-ms E(xr—ct)
J (6. 48)
k'w = %—f = Aum(l +§)Sin E{x—ct)
= Auf'k(l+d£)sink(1—t‘t)
7 s B
xr Xy = -?—dﬂsink(.rn—cz}
(6. 49)
z— gy = Au(l —l—%)ccns E(xr, —ct)
F 5 K P P
c? = gd (6. 50)

LI EESFR0, Bok B (BRK O M I
SERLX. AT EE AR, Ko

Aﬂ?f' Tzz_Ttﬁw:k(‘rA=('Tj:g!ﬁia
{1

B L1t 78K A PR & 2K = Rhok
BHMERE. EXHAE. X=FEENRBY
AT,

WAKE, d>%8d>1a

PEWKEE L <d< T mA<

A,
d*fiz,

. T A
87K X3k d*ﬂil—@ ﬁid(éﬁo

AN [ 3+ ot R B K BRI AR L I 6. 9
PR
63 HEENAKFEI=3m EEN B 6.9 A RACH 3 NRK MY

80 m, WP OB R S BB,
B BT d=3m< gy = 4m, FHRRAN.
M= (6. 50) .78

c=+/gd=/9.81X3=5,42 m/s

4. 80
S=s 14,76 s

d/m

T=

W64 DHEBBEKEL=Sm BEEKA=2mm 3% H=0.8m, & 2m KAk iy
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R
M HFd=5m> -%',1 = 3. 14 m, SRMBKETH.

KR SRR H (6. 260,18
ro= A,e

e £ L R H = 0.8 m, 80 A, = 5 = 0.4m,

B (6. 3) kz%:‘l‘=1
My =—2miR r=0,4Xe%=0,054m
BIZE 2 m 7 AL £=2r=0.108m

Fle.5 FAREEMENE.CHRBAN 10, HIEE A 350.25m, KB d = 20m, K
BERIOmKEAKEENRCHE,

B OEHERBE=28=28_( 62857

T 10

H1 (6. 34) ? = ftanhw
R (6. 22) w =k
A ftanhkd = %:r
B mmmzf

Etanh 20 = 0. 04
M AR k= 0,052
(6. 36)

v cosh k(z 1 d)
d sinh &d

u= 2% _
X
a '
0 = 5—3 = Asw Smgiflizkjd)sin kBlx—ct)

cos kR(x —ct)

BB K A o = A,y Cosh Bz +d)
sinh &d

_ sinh k(2 4 d)
Wou = Aow sinh Ad

sinh(0. 052 X 20)

= 0, 25 ) sinh(U. 0h2 X 10} —
w X 0. 628 G hGD. 052 % 20y — 0+ 069 m/s

X F A RIBERKEZES SRR 0T,
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X6l FEARMGKETESNINELIENAN

7 B I B o R B PR B M o PR 7K
d 1 d L ~d 1 d -1
L= g(Af o) 20 Sy S A <20
d
HEER ¢ | ¢ = Ae®sink{r— 1) @ = Amsl{:ﬂ.iiz; 2 sin £{x —ct) ¢=%”'E3mk(:—c£)
e =—f"tanhh.t'
pd Z :—g. (‘2 =Hd
i : p B 2w
Etan Y
_ 2x __ 2= _ ex
WA RWT A= i A i
(B 4R w=he = Jhg w= JVghtanh kd = ke w=14kc =k /gd
E;fﬁl V= Aycos klaxr—t) = Aycos B{xr —rt) { = Aycos b(x—ct)
u= 28
ar _AO.H £ coskto—ct)
_ gosh&{z+d) .
MEES | u= Aywe® cos (kr —wt) Avws sink bd cos klx — ct) dgp
n__:
BETH | w= Ajwe®sin (hr — i) - dp iz
i =m~k(1+—)qur::—m
= Auw i’% R(r—ct)
(I_In)z
-A-u cosh b(z, +d)° + r—ay ==—$sink{ru — )
A (r— o)+ — 5y = | sinh &d
| (Aget (z— )’ _, 2=z = A (142 Jeos e
- . H
_Ao Sm};ﬁ:ﬁﬁgd} (xy ot}
[E¥%& 4% e plrs o ) =—p=t Pl 2o ) =— w +
plre v t) P YA, mﬁl{:ﬂi‘iﬁ;;d}mk(r—cr} YA cos k(x — ot
6.5 WK

AW RERAMEAT . K £ FRAMSERRN
BESRE R FBAITE. SRELTFEHRS

Z

L LLLY Ll Ll

BN L, 0 6 10 iR, MEMR_—fgE, U o S
R BN RO R (). v” 0, \/p *

BE.THERESSC U, fIU, tE& 5, 8 STTIIVTT 7777077777
BRoMp BEENL B d,, ik BR i 5 1 3 A ‘

BRI Y 610 FmR
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_alUi+pl,  fgo—p __op@=U) (6.51)
o + o2 koote (ot

(6. SHEH B LWL T o] &4
(1) o > o> BT EREHEELFAT LRERENER,

2 __ 2
(D MF—FHU U U £Up, HETE E L £ (o _”‘) ; & A=
P'IPE(UE U])

2“*’:;;"?2 = ¥ R, B A R,
1A FI 4 1 F % 57 B 3 e

& = ftanh kd,

X5 6. 3O, BARIEESHITE.

# dyvoo BIXRUKE, W c =, /£ 5346, 19 F—H.
(2> U, =U, =0, P L. THEREXHK SN, H , - o, dy — oo i,

— |[Bor—m
k p1 + pr
£ LEWERE S T ERERK, K24 258 830 4%, 0l

CH L RN |
oLt o

PR A K K T M B, 5740 T LA 2 W 2 0 A 78
=&
&

£ PR SRS B o ~ o IR c = £ MBZ, fom%

P RFFEER IR 53R T B S 2 0 /N B USRI PR ELAS B T I G ) e T (2
EBO BB EE B L.
(3) B dy +o0,dy »co HU, =08, ] c = U, BHEEA B AME, B

c — [Pz M
TNRX k Pz
AR B B R & A 7E LR 5 I AR R i o

(1) ¥U, =0/, HRIE U, < '\/ﬁpz“*“iﬂ &Pi@,mu
1 1

c==2U | fge—p _ppUi
/ot o Ep+m (ot @)t

i?sgl



P BT R M L 7 ORI R i R LR SR\ 9 K T 308 PR
6.6 HBEFNEBER

AETE TR RRABRE S, EN— B 5N — D, B e m . 3T
EEHARBERETHRNE—-ENOEL. TR TH, S0, -RA THEEKS, 5K
HMERPITH WL S —EH AR F KK (R0 BESRAREE RN,
EMEH U B RF S B AT AR B s B SR, X T AR BB S, b TR
MR FA RGN, ENELRLEAER, BEINE XL ERMZEH AKX, BN
. J L H) S P R A YR B S R O B A R AR R R . b TR K AR 1%
B EE AR AR RSN — T EB 3 ¥

T TR AR P TR B — R R A TS

WRPERBHERORE, MEKEETRE M2 ER L WER . WHE R, FE
AR LU - J7 ) BT 9 N B TR 4 8 -

;.I - A{;CUS(AQI — et}
& = Agcos(k’z — &'t
WENTRIE BB
I:: tl + tz

= ZA;]CDS(k ;kr.x _w—zth)ms(k +y.r — m—f-m})

W E M EELE 6. 11 BiR.
AUES: LRXPBR—-FS5R¥EE K
Bk R BTR R , B AT SN cos (br —wi)
BEFENIRBOEY .

! r

2Aqcos (k_z_k r—""'_zw .t)

TR %, [ R A 11 1023 1] R 3 e

XEER B M R K A
Az———;zx -;_-E?_E
k+k k
2
_ 2x 29
L) T_w_f?““:
2
" “m__}“wfwy_

il AL (1 I 25 JRR A IR A A 8 ) (LR VR 0 R AR 4, BERHA] ¢« RS )

AR AL T R A IR B R (B v 45, RERE Y
s 16D «



=

i
I
=

7

b—% Ek—k 7k

R AL 0 RS BRI
L cur"wJr o~ @
=Y (6.52)
BIERERA o, IOHPEAG IR B oo MIRBHE.
XEF— A BABEE o, TR LAE & 3, MR B e (L SR 5 1 — L TR R
FIXHE ¢, HIHE T ELORMRZEFIAL, tF I 2 MO SR AR BT

5 RO 0 YRR B 1 08 (1 B S5 T T E IR X R 2 P LI R MR
X3 TR B RTHE « 0 = koo JU

,_dw_¢§2=c+kizw—ﬁ$ (6. 53)

T ERBEKE, o = Vig, W

g =—

dw _ ¢ _ 1 fg
= 1 5 5 b (6. 54)

TR BRI R AT, » = VEgtanh k4,
doy

C_de_ 2kd
a=g%=51*5h2) (6.55)

HFEKE o=k Jagd, Wl
o= T (6. 56)

dk

M B Al E S, AR KB R KB, BREEND TR EEDFTFRNRGE. TUE
R0 F BB T HBEN B EREA R, 2 RET A EE N BEFHEERS
—KEEP.

6.7 KRAVEERFNIEE

HARRREGEREOEARERRS. Kb SRR H THEAN B LER SN
ETFERASIEN. & FREARPE. Bt AAE— M RNKBATHE KKk E .

6.7. 1 RREEMN

1. &R BHAE AT
BRI RS — MO BRI ARE Y J ENMOE RN, &y 2iRnE s 12
E’Eﬁﬁ
AT
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ro= [ Ll (22) 4 (28) L
R FIRE AR T I LU E A SRR B4 ¢
Ey = 2o | t

2410 dn

K, REASER ABCDA . n B REINES, 88
Y716 AR 6. 12 b ik B 4K BB B4R AD Ml BC Frrryrr i,

Lo L TEE—H AR AR 22 =22 =08  me1 mrommin
LB S E S

Ec= 89¢ Pau=£[ 0% 4

Wi TR R B, B (6. 33)

_ Avg coshk(z-1d)
¥ w cosh Ad

sin{kr — et )

RPN E S, A 6. 40
o= Acg coshk(z+d) .

31N A1 COS it
@ cosh kd

RA LRI, BLIT AR,
*F AT

E. = 4 gAb 2 (6.57)
XHBE ¥

E, = %ggﬂﬁ Acos?wi (6.58)

2. HRBEEMTN

BRI Shest 38 LK B S BN B, TE P AR BB LU, ST B0 0 B A4 BT LA
R DA 4 05352 2 B B RE 4 . BB e e

4 A
E, = L mlidr = L %ﬁgfdz
o BEAT IR B I T R B L e (6. 35)

§= A;}CDS(kI — it )
SR I RO R . i Et(s. 41)

£ = A sin brsin gt
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A LHAS BT AR

X} AT I
E, — oAl A (6. 59)
XTRE K
E, = @A} Asinwt (6. 60)
3. LRie

(1) IWRAEhEEFEBER SAGKAI R FE XK.
(2) FifeAT ik gF . she S RBE A/ MEE, B S5EHEIE 2, BN 12 RS RE R A

E = pgA (6. 61)

(3> *F3% 3 ok F. hBE 5 - RE Bl wd 9] T A8 Ak, HE M Z A Fa e 8 T AR 1k, KA
‘i—pﬁ'Aéag

B16.6 TE% A KBTI, RAERER Y o 5;—“0““‘2”) n(kr —wt),

cosh kd
Hp  AKRd=10mEEH=2m.lE¥%t=0.2,
R (D WK ALEE B T
(2) KmEH R
(3 xy =0, 2y =— S &K RS TR
(4) LIRS : = O RHEEE A KRATEERERES KEREBES:
(5) b3k s 7 3BT R 9
(6) FHITIRRIBER

n Fis — - —E—:L:
B hT 0F — Toxog = Lo7m<d=10m< 7 =75 =15 7m. §ZHRT

A BRAAK R o RbE Ao = 2 = I m,

(1)%55155,1:2_915:%:31_4,“

% 0.2
Wk ¢ = flanhkd _ 9[; Szltanh({}.,?)( 10) = 6. 88 m/s
_ A _3L.4
i T — 588 —4.56s

(2) BB, 358, Wim R

= Agcos klx —ct)
= cos . 2(x— 6. 8B8¢)
= ¢cos (0. 2r— 1. 38D
(3) 7K S BB . (6. 38)
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(xr— a0t (z—2,)° -1
z

]:A” g_q_shk(zn “I-d)T + [Aﬁ Eiinhk(zﬂ “|'d):,

sinh &d sinh kd
Hrhp
coshk{zy +d) _ coshl _
Ao sinh &d " sinh 2 0.43m
sinh k(2o +d) _ sinh1l _
A sirth &d  sinh 2 0.32m
RIVEE 18 R

xt (z+5) _
0. 43 + 0. 32¢

(4) 7K R A, iR (6. 36)

]

= %? = Ay CDSZ:;‘;; d)cos E(x, —ct)
oaZ b
3 :
B
1w = 5‘? = Ayw 5‘“";:;5 D in bz, — et
>

A w=kc =0.2X6.88 = 1.38/s,r = 0 LA, [ fRH

u = 0,58 m/s

w =0

R 2Rz Ab KR S
(5) KRS ER, B 6. 39)

Ty 2y 1) =— yzp + yA, £ och i cos k(o —et)

iz} $=5+2—$—E%m50=5.41 mH.()
(6> WHER .1 (6. 6148
F*l Al
L= e A

——~%><1025><9.81><12><31.4=lS?’.QkN-m

6.7.2 BURRERSIEE

XETEORYL MBI AL 5 — 248, 52 A, SR A0 M M Bl AT 155 . e
RHI R R AR S5 B 7 AR B F I TS SE LY.
BRI SR o J R FE 52 BE R FIE y0r ER—BE HRAR y HFIBR G

FEBE . = J e e 17 ot o KR AR AR 4 dr e N R A AR A D
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Ho, R (6. 163

EEH o A (6. 33)

_ Aog coshk(z+d} . _
¥ e cosh kd sin(kr — wt)
KIS EE B w (6. 36)
© = A cosh k(z+d)cns(kr )

sinh kd
Eissh— A8 T N{EShi 1

T R

Tia Pq.at
Hp
.
j (— yz udt
ﬂ
_ Ajawcoshk(z+d), T _
= <inh bd ( }"z)L cos(kr —wt)dt
=0
_l T [0 _ E}'—f
& W = TJGJ—J p atudzdr

== M T 2 L o 2
Tsinh 2de cos (k__r mt}drj_dcc:sh k{z+d)dz

_ 2pAige T 1 .
Tsinh 2kd 7 a5 2hd + sinh 2kd)

. 1 2 2bd
T4 pgﬂnc(1—+— sinh de)

H# R ER (6. 55)

LIHE - - %(1+sinzl1k£2fkd)

Fe HAANA B 818

W= %Pg‘qgfg

(6. 62)

(6. 63)

L4 -0 - A AR B R A 61 OAE — L) T B 60 P
BT R R W, 2 33 I FEE 0 O 88 B o A SRR o, MR DR B
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P, S T i 1 1 R
6.7 3 BERFED

G AT T S A SRR . AR TR A HE S R e AR 24 R B AT i Y
SHACHL UL IR . 5L UEBE T K Iy - R EE R VL TN A AR ST R ML 0 BN FE R TEh Fu V. RS
ST ERE U TS G F AR A R A R A BT LA A MR A V. ERYE
F 2 et L B 5 1 T O (8 S o I 6. 130 ZEsd ) ¢ RS L ak— 8 5E T S A
W 2 1] 1% 7R R JEE 8 it Ve [ 7 0 R A R 08 o by
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ABIRK M, KA RAARTE, RN KB RER
BEK?

M EEE. R

&

X2

B 8. 21 K E e R

—3
v=_Q _6XI0" _ g8/
—}dz E—Xﬁ.lz

(D BEKKER - 1L,MKEKER 2-2,.8 1 -1 HHE 2 -2 KEAASHF
¥

pr oo _ P Y
21+y+2g 22+}r+2g+hi.

Al h =h, =h+h,
I
Hp h{_ldzg
h
V2 Ve Ve
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(2) SUKFMEKMBHNA K W FREPERIKE, KR in® H R A
HRBEEDKERBAOER. 8P a2-2 BT 2 1- 1 W7 A T

by Vig oty Vi
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8.11 BEBENMHEHRENBHEM, HIMEW T EFELE TR 8 F W &
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8.13 WMEEHEHTIZ R Ew, - EEHE - (BHE: (YK HEEX,
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8. 16

8. 17

8. 18

8.19

8. 20
8.21

8.23

8.24

B,

K EHRE V = 14 en/s ERZ N d = 50 mm KRS AR KT T RE
R R GKil R 20°0)

B EHRE V =60 cm/s WENEZEN d = 20 cm g BE R (D BEEH.L
B IRE T 5 (20 EFRE RV UIRE 7 KR 20°C) .

SERK ! =800m, HBB d =50 mm K FEXABEEEW FRMMLBEST
135 L/min, BUSHAMELRIZ X (HOEHE p = 920 ke/n’, T o =
0.056 Pa » s)

AL, B [=2.2m, Hd = 10mm, MYZHEEv= 1. 98cm?/s,
HRE Q= 0.1L/s, ERGEKIHK A,

) I R L B A A S S RN ERIE R EH KB E .,
ISCHIKRIENE d = 0. 3mNEE. FOLAE =100 m FERERKLBK A =
2m, WREHRRE QURHEER LYEHERE £ = 3mm),

SR 10 om IR BRI B, 707K IB 0 20°C #97K R EL 10 m/s B BE BB T, 503K .
(DERNZE 1 on THAMNEREERE; (2)H% 5 e THLHERERRE,
n=JRE 8. 23 BN, —KFEEIREN 75 mm, Kl 100 m 69K P &E b K h
K. BERMACOLRBRKXER £ =0.5, KR BEREHZEE 0.03 m*/s MERTHE
B 7K 8 P R MR 2 K P9 K T L A7

SBE - i AEKMGEE AR N 40 em AYEFE IS B 50 mBE KRB /K /D B9/l , Bk
FEK. CHABEREEKERN 2500 m, HBN 0. 14 /s, IFRBHAB A =
0.028, K B FHBE S B WERY 12 m KSR, KERERIIRGEKE
RIBHKR 0.75), (BT 8. 24 A

=
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Iﬂﬂlnn[__i
.JL_::;;i;_““mm_m___-¢

Y
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¥
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8.25

8.26

{ ]

IR 23 M S 8. 24 B IN8.25 M

W18 8. 25 EF R R ERS d = L m, @it R Q. — 18000 kg/h, 184

KR p = 0.7 kg/m*, SAEKSHEREE p, = 1. 29 kg/m® {5, WEEH A =

0. 035, RFUEMHEKES 1 - 1 Brm et i EAR/NTF 100 Pa, JHE 6988 T4 0 R £407

- R8 8. 26 FFTR, — B d = 350 mm WALRE, AKE FIRAMEARE. B4
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BEMFEHRENBER & = 1.3, WRERRMICKAE h = 4m, EBE  (DZI%
FRWKR Q; (OB HMMWER rp. BERESHHTH? GRBARAE p. =
— 98. 7 kPa(g)),

2 }
M bd,

777777 /777777 E |8
SN 8. 20 B N S8.2TH

8.27 W& 8 27 AR, MBS 0 E i i 3 ¥ I ABCD (H 4 X M8
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W b /d REALHEHE?
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9. 1.1 AR EAVLFRE
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F91 FigiRE

BEE 1T B SR BR A R S o0t th W P 2R 8 45 0 AR B SR i b R . i R R B
ZEWINE .

REARTE, TRAE SCREINARBRE,

L BXMBE(SFARENE)

MARH « RADRBH 2 FTRERELS R, Y y M0, RE KT REET Us
NBGAR RS EWME Z LB BRI HE 4« = 0. 00U, 4089 v i L AR
BHELRE 60, EXBEEEBNESBR/ENER. Bl HRERE R
IR T r BT FRBTR KR, I H ol #R R &R

Sx) = flJy, 1y ) {3. 1)

-2 6 00 S R R BE
B, 200 S8 AR EU, = 10m/s B i  MEB r—=1m, 5= 1. Bmm; [if r =

Zm,8d = 2.5 mm,

T4 X RA — R B, B e R, % T, e TR
PHEZEXUTRMNARBEEE, EAIA N SHREANEESHE X, THESBRNY
BE X,

2 friEMEE

MRER—BE 2, ARBAE IR y kbR R «  WHEAOT dy AR R 8 b
precly o S0 ST PN HEAR 32K (R0 A B TC I SR R Uy M HE, i T R B 72, 2235
b0 HiAT (B 5D R p(Us — w)dy, WL, 203 G N 4 X SR B Bt ol
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ad—jﬂ(l—ﬁm)dy (9. 2)

MHETNHEE YR . ERFEFEESIENEINERENES. BN

ST [ B ul A B RN RE ) SRR S, TN 9. 2 R, HAREHNAE T HHES,
09 2)iTEM 8. B—HRFEE.

EHRRA BT e~ L[ (1- ) dy = 0
w o= [ (1=g)ar+ [ (1= )y
= (1—)o (9.3)
3. Sl E

Eoib . EHERESEFARETHREA L MG (BN ERMWBEHES YN
pUsudy ® pu’dy,

ZANBBERR THA oo (U —wddy, R, AR A X B E SR &
. TR UREERE, DS RFE SH N

&
j ou(Us — uddy
N

FHREX—TEER & X HF NS RRB T SRR T HOTEE N 6,
GOESI = giA g
pUs 80 = iju(UG —w)dy
X P ANA] S A

= (1= ) @0

X6 BANBIBEE. YA RBZHNEEIHERS, LRI EN 6, BR— TR EMH.
[ﬂﬂ!&iﬂﬁ}?zﬁr‘! fF Uin =z 1, ﬁi_l'_.itiﬂgﬁh

Sn =j:i(1—U—U)dy (9. 5)
4. TR EPREN

RRREE 0 RETARAZER « 8RR, BRI E K ERT -
R

Uex

v

Re, = (9. 6)

HERORHBES . X = L0 ok, TR R K Re, = 224 o p i
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HWLOEEHRERA RN EERPFENEW . SCURENERT. BELFERIGHEE. A%
BB R, R A B D s LSS B R — &t © = 1 AL RERR
3 T P A N T UL

R, B R T il 7 R R HEEY
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MR LU RZRENBIERE. ARG REERA N
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B 2o oarEEE
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4B E 9. 3,
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(D FHENEEED > NEL . A CHAEREE R S;
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(3) RitREBR AP RES.

REEFHEHAN N-SHREEHHE,
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32 Tay =0
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E'Z}@{{l;
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A
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K9 OHHABRAHATERRSERARE FRE, 2P, gﬁ — 0 RBEHREA

Hianr y Al e R, RAR B ERES p P HRCHN.BL2ARBAY p A HER
ATHEY XA IR p = p(2) REHR. .

bR TR AR R,

{EREH y == O L, 2 = v =0y

§y=aﬁy+mﬂ¢,u=wr),ﬁ§§=m

9.1.3 YRAFRENIRRNDHE

REFNTHH N-STEELBA THREM FBRR, AEKERRIFRE 45 4
(HBFBRRIEEEERAT , ERRARRRET, EUHTREREHR XN LRE X, TiE
wREMUEARZHHR TR,

A 9.5 FiR, REVREZ LR ZMREME OABC, H¥,AB Wh BRI KA,
EEAREMNMNARBETBAE,BHOA =k, (B =80, OC BFE#K,

L
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q—Fn
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C

Ll

M9.5 FHANRDMERHRS
HAE R A3 B B (4. 19) 8 o TR Y

M F, = JﬁpvnudA (a)

MTERE AB ERRAEH, B EME DRBRE, NN NE, KR ES Y
u=Up, 3R p MR EAE AORBCHEENNEHETE, EERET &, ik
@Jﬂ]&j]jl] rn(x)-ﬂ'ﬂ‘%jﬂﬂ
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A 5
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WACDRAR (O H B, T]E

&
F, =p[ﬂnj.nuiﬂ(l—U£D)dy:pU§ B (e
FRp s, AEIEIEE,
¥ () ¥ o RBPHLHEIEN DA LG
dFy,  ,.d8n
‘a-"“r“ = pUa d_l" - T {fg‘ 1{}}
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C; = b
Lot
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i C =23 (9. 11)

RO IO IDRAM PSR ENHBES FR. i RITHES S, IR N EITHE,
EEATARREERFREEEREMAKARE. REMEH A E s #ERE s, 5
AERIF L 22 20K AR R A D1 7 53 A FEE SR By F,.

WRNMATH ANRAMEYENARE. FIPPEREEARER,. ML U =
Ulx), i REASNIF L p 0% SRS B A8
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WEBHFE FTER WA L« sk 1R R & 7 R R B R 5 R
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FEAROTIREE S . M TXADMEBERR RS, RHBA R XTI, s, %5
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AR WABEHNEEIHMEET

RN, -
1/ e
6=(3)" —e
}3_10, SBR“"W(RE*:UEI) SINE9. 11 8

AU Ah.O&R EHER BN MR, BFREE L= 0.3m, HE s>k (B
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& ERBEER D,

W FHE MR AT S XR— M HEER#. ATETHFEREENERERESH
RIBE R B A b R B E A TBEE L, A 10. 1(b) Bz, 308, W TR IR R A A
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| odv = cdp (a)
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B b PEAARTE 1816 SFER, FEOERR SR, FRNBRSLRE
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AP R AUEEE M TER, R =287)/(kg - K).
SR PEER X 0.1,
GV EWobt SAS I EL i B

_ . o 3
(1) RBRREAE, % SRk SRS % st L (10, D = /%2

B/ B2 B REA 5 B 48 W 3 ¢ MR ML R AT R 4E ik AR A c >0, K

1T 7 A S o 1 s Rt /DA LS 4 ‘
(2) ;R Q0. HLATHL, AR EE AR R, U ER BN EEE R, AN

SEEERARM. WEEET . 15T,
c= VYRT = V1.4 X287 X (273+15) = 340 m/s

AR ERMEE T , S EERc = 1205m/s.
(3) ERESSEEANFRE THEX NERETSSpBEEY

c=20.1JT

T AR Sh Jy e 0 2 7 V] A B BR K, T L P o th JR 25 ) AR AR Y R M, B R
kb A
(4O 33T s (1 10O EMERERLE WEER

{10. 5)

E=1 = pgﬁ
HERAXGC L. BRFEARKNE —HER,
= ,\/}-}—F (10. 6)
R10.1 HANHFHWERE(HFEXNESR)
o iR BE Ak BRI SHEEE 24:Y:4
THER T/°C p/kg » m™? p/Pas s w/m' e s | R/J« kg™ +K! Y
554 15 1,25 1. 79E - 5 1. 46E -5 286.9 1,40
— A LR 20 1.15 "1.68E-5 1. 50E-5 296. 8 1. 40
“:.mmﬁ 20 1.83 1.47E-5 8. 03E- 5 188. 9 1.3
4 20 1. 63 1.94E-5 1. 15F - 4 2 077.0 1. 66
15 20 0. R22 8. 84E -6 . OSE- 4 4124.0 1. 41
E= 20 1. 16 1. 76E-5 1.52E-5 296. 8 1. 40
5 20 1.33 2. 04E- 5 1.53E-5 259. & 1. 40
2P 20 0. 667 1L10E-5 1. 65E-5 518.3 L. 31
k&R 107 0. 586 1 27E-5 2.17E-5 461. 4 1. 30
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10. 1.2 BSHENSHE

1. DM
BB 7 BECH. S RRARE N S EST IR L2, ERE &S 2P REE

FOAR I HERR B SCEL RO
Mo =Y
N

A

ry

2 ST

¢ SiHR P,

SRFEERA FEM D, MEFHRRDE. KA AN K R, SR EER
D EERK MRS RE, A D a0,

FESARE 12 AR E DB E S BT K.

Ma > 1, Bl v > o, BRHBAER SN,

Me =1, Bl v=c, BR U HER;

Ma <1, Bl v<c, RIEFERD.

E=FmshE s P REEFENXS. FSERE UM = 0.3 R, HF My <
0.3, HAH EAFH S XF Me > 0. 3, R0 E4ER BN,

B10.1 FEGEMXER AT, CRKR 20C, KOREERE — 1,88 X
10° Pa, B p 4 998. 2 kg/m® , A WITB AR 5]y 6 s, K7 BB Bk

_ [E _ 1.,88X10°
M omE Qo8 r—\/;—\/ o855 ~ — 1379.3m/s
M BB Yk 2 18] I BE RS %

ct=1379.3%X3=4138m
B 10.2 FEHLEREER 11000 m B LA 319. 4 m/s AT X 3R KHLTEX

PR R AT B A9 S a0 R g 0
B HTEEmEmMAEE ¢ = 340 m/s

T ¥ - B B R AT R Mw=§=§£§=ﬂﬁ4

W P AT

7E 11 000 m B3 RATRY, AL BB K 216. 5 KOS 2 386), M (10, 5)
c=20.1/T = 295. 8 m/s

BRI KA R, Mo = & =3194 _ 4 0

¢ 295. 8
A KTT,
2. Do
Al 10. 2 R— /NI B (B0 575 3 7 DUt 3 b A 15 9%

D HNESBAR LTS F 15 (v =0, Ma = 2 = 0) &, J0 10. 2¢a) B, it
~ 247 .



M 10.2 DS EARE X XIS N A1

i . R B PR AR B IR 3 o« A Fr 53 . A LS A IR (B2 s O R ESE O,
120 o ByBLCAERH

(2) MR SHEETFAER G TEE (0 <v<cy, 0<"Ma << 1) B, & 10. 2(b) PR,
ISt o P IR S B AR AR A R AR (R R B e ) L B B4 5 B B I v AN RO I — B fE P
B, M/ TR sh AR AR o ) PO T A 77 15 5% , HL I3 B 0 2 LA A5 A R g AR AR O
SRR o RUIRTET . TR LR RS B W E AT B AR E B TR ER ¢« 48
BRM—P2EEE v BT EERL R c+o, HHL R c—v, BF v<<c, BN KTHE
0] o} PURS 64 . B T ahAARA R UL v B EEARN T B 55 O 7E88 30, R W/ R B FE I
X 2 A% (B R AR B —BRROG 8K, ST ARRGEN AR REERNHE
(X RHTFAEREARRS ZH) , IR 28 n .

(3) M/ EshEEAERGE T EE(v=0c, Ma = 1), ILFEEFE EE (O AEE ., 3t
Xt S8 BRI &, NRBHAL /) PR ShIBE R T A4 A4 R Oy 20, T AL S IR R A F . BRI R
RETEAN I A BN E A V1 B9 P T8 AOB BIH 70 N 448, Il LI585 AOB WEFFHE(
10. 2¢e)), ZFRPRAgHNHR s K EHE . EREXEW ARS8, 583 KSR
ARRRAEE ., 5T & H R AER T H RO 3 P & 2 A8 5 W BE B f 2k 2 B 8) ¢ A5 4k
IR NEESES . B AOB FERAE /DL ENOETE. R DHE. TREEBX R
X B4R,

(1) BB BEEBAERHTEE (v > o0 Ma > D) L I B T /N S R BE ]
HH T EEHE ST B IR E AR T A VR & 53R (R P o, 7 ¢ B M BR LUK 3
PR R R o BRI, MRS O XU v > c BB AR S 3, N RO D Bk R
FARRE AP ERLUEE S O AT S AT e iess B 8 m . X 4 B & m i o Dak e, 1

HINAM—E « BRI SHA, WA 10, 2(dD i,
. 243 -



HT . S8

. .1
—_— — o O' ?
& = arcsin - arcsin o (1 )

HLEHB Moo, A o0 YO BPREEIT. MWK XM =10, a =
toex =507; X Mu <1 8o AF%E. SHERFHERFERPAGFA. A Lol sa, ¥
FARFAEAE EHEER EEEBARERWS). oS ER—TE5NHE. v 2—T1R
HEEMNDHESH. VW TFRE2SEN D ERY.
Ma = T (10. 8)
HTRERSESFEhahiE s R, BT (10, 8) 8B T Shk¥ R & B IS 3 3hRE
N FEFFEZ .
#10.3 CHLZEREMUIE 1000 m #9158, Kt ABREERY B 600 m B, A IR B L HLAY A

T MR 15C R CHLERE, B AR LIS F AT ]
BB i ] -~
M YAy i
¢ = YRT = /1.4 X 287 X (273 + 15} = 340 m/s
L o K (B 10, 3)
@ = arctan ]6%%0 = §59° 1000 m )
HE(10. 7) o = arcsinh—}ﬁ = 50° '///!
T wF Mua = 1. 167 999)“"
KYLE v=cMag = 340 X 1. 167 = 397 m/s
MERBAEHEENNE =90 1 51 M10.3 G

397

10.2 SE—HEERINELRSE

AUTE %3 A AT B4 i PR 4R TIRRE0 40 (0 R A F 7T R 40 ik, B 00 95 1 o A0 4L,,
WS FNEHRRSEFTRIATESRART LSRN, &% ETHET SRk
—HHERSNES TR, HERN FREELFRIAT S, S S RS TS
BEET . ENTERENELRERN, BEFRFERERN TR RS AN Y
BRERTRESAR.

10.2.1 —4HEEURIELK 52

PR 10. 4 B, Jp— 48 S I Y T
Ars A B EBSHES RN Vi, Vo BEA BN o e
BT oEEH, R E R R e, Gl Em i Es
38 1 A B, B

M 10.4 —arikiEzh

- 244 »



aVIA, = gV A,
B % ] AL BT B 0

VA = C (10.9)
(10, 9 By — B e RN EZ TR BRI B8

gl.g+dv+ﬁ
i A

10.2.2 —¥EESRENIEDMDHE

fF--EESH P BKER ds MR,
AR T s S D R R RK
i ARG DV HY s KF - LU
FRELPEHTF > B EHRE £, mE
10. 5 fii 7, B el 18 2|

dv_ . 13p
dt * o ds B 10.5 NS HRMER

T —SEEW S, B

dv _ dv ds d_*::-
dt dsdr  ds’
ldp __1dp
Elﬂﬂ: P s p ds
NAERZHTESED DERED, SIEWE DTR-EAE . BX B AR £ N8
do __1dp
ds p ds
By E%+mﬁ=0 (10. 10}
& 9 4 a(%)=0o

2

EAMN L[ E—TUEERSINBRBZ S T RN, RPNEE c AEEEE. T o
vy p ZEZEMRR B RS TRAEE. ARBHTES R TERASKNESENE Y
Boh AR R RE T RER I AR AR,

AT B ERELE S5 7 R RT3 B Ma R, M T EIMIE S

B (10, D FNF (10. LOOBEST, B % o, H¥f & = %ﬁ, Ma = f KA GRS R #
EA

= (Ma® — 1>@ (10.11)

>[5

BihEizE 3his 5 TR N
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do _ _ pgede (10. 12)
£ v

10.2.3 FEKANERSE

B4 SR HEERNAKRNZSHE S T RE-ERAFTHRAVEASHTE. B
LA Q0 1O ETHIRET . THRINAEREANERSE.

(D) KRB R

EAEEHRECEFRERENRB I FIR REHAVFER[AFTSEHHAERFT, B
MiEF S BEELR ERESEREEAT, A EREFTESUK.

5 p=HHES, B4 A (10. 10) 74§

£+§=C (10.13)
P

; 2 Y _

= Et3,=C (10.14)

A0 1O AR AR, AR R AR TR, EEFR—BSHES U - AN FR
(RER) RAMEBMsEE fiyrfE,

(2) US55 B Hish. .

FRABEESAERE T AERETHR TR, ESRRSF, T=48, MSHK
RAEHR

L —pgr=c
o

B p =& RAR 10, 10034, 7118

Cln p—l—% =H¥g
0
ay RTIn p-i—y;,- = Wi

(3) Rfx—S 0k sh .
ERITFT RRRHK A 5/ R XEARSE TR T, BTGl 2, kS
TEF M B, B0, 3, )

B ERARAR0. 100 84,48

,UZ
—"'—ﬁ+§=1ﬂﬁ (10. 16)

[ 2&6 -



PP Y
L _1p+ +2 ). .

(10, 1) FRA 10, 16) LEAIE, R HE LI EE T —H ;;—1— f, TER 12, X IE A
s R, A R RS PTRA N . R0, 10F RN,

cr ¥ ¢ (10.17)
o 2

EEUERSSENSHRP EREEHE L, i RS PR AT EAT R AR BN A
Z RN,

fE LB R B, AR FETE SN B SE A3 SR s MM s, FERR T TRF
L AR A — B, AR ARG THRR TR, ETRESEASHRIE
AR 0, 16) , AUEE T LR AR P, T E R EA T ARERNERIRD.
S RS, BEHRAT 7 Ak B0 R R Bl P B AT, R R DL AR 1L 9 Y
i (HEER A B A BRFAE,

B 10. 4 FISCH BRI EM B2 SR (A 10.6), WAt HR 4 = 50 mm, B
R d, = 20mm, LW O E LR p = 35 kPa (HISTEESR) , IRAE Yy 20C, B H L E
B p, = 15 kPa GHWER) AR SR RME. GREMKASHE p, = 101. 3kPa)

MR Sl ERRR, i TREX,
e e E I I
s, MR K AT R H R R T AT

Bk AbaE. =
EeH MO 1 - 1 4, RERNG 2 -2 M 10.6 3xERART
b2 T
i3t p = o OB TS
_ B {35 4+101. 3) X10° _ 3
P RT, T 287 X (2734 20y 1. 62 ke/m
*(10.3), & = &2 ¢
H =% R L

1

p=p(2) = Lo (550" = s ke/m

g B (0.9, aVIA = VA, B

A 1.62><§><0.052
V, =& 2y, = vV, =7V,

pr Az 1. 446 X X % 0. 02"

B B A S MR TR0, 16), 18
y a Vi ¥y p V3
““]Pl 2 —1'03 2
s 247 -



1. 4 136.3x10° , Vi _ 1.4 116.3 X 10° | (V)2
=15 Lez T2 T Ta—17 1446 T 2
ﬁﬁ V[=23- 25 m,/s
HESKERE

Q. =mV A = 1.62x23.25 xf X 0,05 = 0.074 kg/s

M10.5 ES(r=1.67, R=2077]1/(kg « K) YYESMRz A HRE 1 - 1 &2
kT, =61°C, Vi =65m/s, MR 2 - 2 bR KV, = 180 m/s, RiZMHE LK T

REE,
W MRS RER TR (10. 16),
Y 2T uem

y—1lp 2
H\l‘l—"Z'sz:.
. Vi _ Vi
1. 67 652 1.67 180?
I 1, 1,6?—1X207?X(2?3+61)+ 7 —1‘67__1><20??><Tz+ 5
i XL T, = 331.28K ik T, = 58. 28%C

_xr
¥l

th 4L 18 £ = (—%) = (zﬁ.?élfgl)% = 0.9798

10.2. 4 —HFHADESHIRE

1. AL RESYRTRSERHEER

SRR R A RIOREG L ST BN T, (AT LHRAED X B A S
RERAXIR T HLRSAM ERE . WEAESAENRESH, B0 IOR S S
BTN, BIANLEX pos pos Tos co 5 BIFRRHE 11 FETR, B 11 971, ¥ 10 SR F,
DARH P, —EKWshI B GRS HG xR R LR FHE L S 3, — Rk
WENRAHRN. EIRTP, MSENKERNERPRE (WESHEIRS) FERES
B W AL R A AR S W R R L SH M R LT ke, MG S AL S WEE0
BB B

HMRASHfsh X R

(&) =2 (2) (10.18)

AP0, IO M ERX T HH#HEN TR AR .

. 248 .



T g 2—1agos (10. 19¢a))
Tﬂ—(1+ > Ma)
£=(1+r_lMaz)‘*{T (10. 19(b))
Po 2

-1
4£=(1+Eﬁ1mz) a (10. 19(c))
po 2
L=(1+1-;—1Ma3 ) ° (10. 19¢d)
Co

— —4
£=———Ma(1+1-2—1Ma2) (10. 19(e))
Cy ]

LR RN R i SR FE A NSRRI RS 1 E R
& 10. 7 RR[AE N FRBEME TUEB T, p, o B Ma BILEEHR B, B

Ma K8 70 2, LA Hh T

B 10.7 Sk h3a ks

REFHH. A& HERHFFE10.20F,
R10.2 SENNEEFWHEER(—BERNER)

Po po
£.410 2.0
NS
NEEAVAN L4
\ ad
0.6 . 1.2
\% 1.0 £
\ 2
0.4 5 \0.8
/ 2 0.6
0.2 0.4
// 2, :‘:\:0,2
0
0 ] 2 3
Ma

Ma f{ium fféﬂu Ma) g:r;) ftﬁm We (A /A=ql y=7 (im
0.0 1.000 0 1.000 0 1, 0000 1. 000 O 0.0000 0, 0000 0. 0000
0.1 0. 893 0 0.995 0 0. 998 0 0. 999 0.099 9 0.171 8 0.1730
a.2 (. 972 5 0. 980 3 0.992 1 0.996 0 0,199 2 0,337 14 0.346 O
0.3 0.9395 0. 956 4 0. 982 3 0.991 1 {.297 3 0. 491 4 0.5230
0.4 | 0.8956 | 0.9243 | 0.9690 | 0.9844 | 0.3937 | o o288 0.702 2

v 249 -



£ %

o = T, = cfcy = .
Ma ffpﬂfm anm g(;m fj(;»h} we JAJASel Y= e
0.2 i, 843 0. 885 2 0.952 4 0.975 G (. 487 9 0.746 4 0. 885 3
0.6 | 0.7840 | 0.8405 | 0.9328 | 0.9658 | 0.5795 | 0.8416 1.073 5
0.7 | 0.7208 | 0.7816 | 0.9107 | 0.95¢3 | o0.6680 | 0.9138 12675
0.8 | 0.6560 | 0.7400 | 0.8865 | 0.9416 | 0.7532 | 0.9632 1. 468 2
0.9 | 0.5913 | 0.6870 | 0.8606 | ©6.9277 | 0.8349 | 0.9912 1. 676 4
1.0 | 0.5283 | 0.6339 | 0.8333 | 0.9129 | 0.9129| L 0ooo 1.892 9
1.1 | ©0.4684 | 0.5817 | 0.8052 | 0.8931 | 0.9870| 0.99021 2. 118 4
L5 | 0.2724 | 0.3950 | 0.6897 | 0.8305 | 1.2457 | 0.8502 3.1212
2.0 | 0.1278 | 0.2300 | 0.5556 | 0.7454 | 1.4907 | o.5020 4.6367
25 | 00585 | 0.1317 | 0.4444 | 0.6667 | 1.6657 | 0.3793 6. 480 0
3.0 | 00272 | 0.0762 | 0.3571 | 0.5976 | 1.7928 | o.2362 8. 674 5
50 | 00019 | 0.0113 | 0.1667 | 0.4082 | 2.0412 | 0. 0400 21. 164 0

2. WRRSGE RSN
FESHEE o SHIEMEREED ST E c RS, DRERSNDHKS T 17

LB . HREFRAM M TFHERBNEARE, ARSORISRIVERS K,

UFAR® % 78R, BUHHEIE po por T c. %,
I 1 55 A0 B S A R AT 7R

iy

p.

) =) -

FHAHAK0.18),K.(10. 19), 7748
_ [Z-I—(}'-l)hi'zz]"

AIENG S 1

=]
X

|

~

_ [z-f—(y—l)hfhﬂ]'ﬁf

r+1

y+1i

24 (y— DMt T

r2 4+ (y— DM T3

y+1 J

3

Y+1 i

s
—1

(<)

(10, 20)

(10. 21(a))

(10. 21 (b))

(10, 21(c)H)

(10. 21(d))

U Ma = 0O L2, A8 RIS AL SR F 00 (088 1 R BRI RR B S %> 8

REK:
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T, _ 2
T, ¥+ 1
P _ 2 )Fﬁ
o y+1
N 1
Or (__2__)**
o y+1
€n _ 2 %
Lo ()’-1'1)
MFES(r=14), BEEEDT:
T,
'ﬁ' = (. 833
Br . 528
) Po
£+ — g, 634
o
= —0.913
Cn

3. BXERRS

(10. 22(a))

(10, 22(b))

(10. 22(c))

(10. 22(d))

{10. 23¢(a})

(10. 23(b))

(10, 23(c))

(10, 23(d))

TESF R ARAET 2400 1 R ) 26 X0 0 BE A o e, BEBE AR BI B K v R R K R
RS, i TRELREFTHEAD AT E, BB AEERE R AR E L, (URRS

BRI,
B AR T A
S v_ ¢ 7
T_HWW-ZHT_1+2-—#1
18
Tiax i _
2 yuﬂRT+§”_;£fnh_y—l
BAEEMELSHELRN.
| 2 N 2
Vrnax —,./),—_LIRT:_: —.a./?,_lfﬂ
BAEESHEREE(FEIONERERN,
Ty, == }i—l-c = +1':.-
N[22 N 22
MFEK (=1L,
Umax = o0 00,

(10. 24)

(10, 25)

(10. 26)

B10.6 KAEFEHESSBPHERSS, B —WHEVTE AR RO S 04
KRB ERD 101. 3 kPa, REEN 5T, N 234 m/s, MR EHZE PR EBAEE.
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B M RSN

ﬁﬂf"*z

B SEPMESTERETEAT, KM SHOVH L 2.

MO OMERH = VYRT = /1.4 X287 X (273 +5) = 334. 2 m/s

v 234 _
EHH M = c 334. 2 0.7

H3.(10.19¢b))
o P(l‘f"y_ h”h?)

4 1

:101.3><( SREL X 0. ?2)"'—140.5kPa

W (10, 19(a))

T, = T(1+%im2)=z?8x(1+1'4“1 X 0.7 )= 305. 2 K = 32. 2°C

2
PiL;
R (10, 16), Bedg s S 4918 1 R

Y RT+Y 355287 X (2734 5) x 234

T = ¥y—1 2 _ 2 _
g 7 3.5 % 287 305.2K
Yy —1
H S ERE TR

P 101,3 X107

&S RT, T 2arxarg T~ 12T ka/w’
LR T UK ok ke f; =C.718
4 1
_ o (PoyT _ _po AT
po Pl(pl) 1. Z?X(IDLS)
B ERfCA L0, 16)%, 18
3.5 X — 2o X10° © = 3.5 10L3X10° | 238
1'27X(1{31.3)
R po = 140. 5 kPa

$i§};utiﬁ#ﬁﬁi7ﬁtﬂ » A RE R B A 8 4800 9 SE A B R 3 S R T 3 1

Bl110.7 ZEAMARBEBRESOBE FOBH Y p = 3 X 10° Pa, T, = 340 K,

Vi=10m/s, dy = 46 mm, ZHOBRE L, Mz = 1, R M bR BERERS,
W B EERE.
L 252 i



V), _ 150
JYRT: /1.4 X287 X 340

PSR #F A IRAE X (10, 19(a))

% _ (1+1.42—1MI%)‘1

= 0. 405 8

i O 4k Ma, =

HO4 Me =1, SEABHARE.
H O AERITREE K (10, 23(a))

T. =0.833T, = 292.5 K

& T,=351.2K

B (10, 19(2) Y FR(10. 19(b))

P _ (-E).’LE
o] T,
M £o=3. 360 4 X 10° Pa

o = 0,528p; = 1.774 X 10° Pa

B (10. 23(b))

. 287X 292.5

p
£
V.=¢, = JYRT, = /1.4 X 287 X 292.5 — 342.82 m/s
™

_ P 33X
RT, 287 X 340

5
= = U0 — 2 113 kg

= 3.074 kg/m*

fESE TR0 9
f V; A; - PIVIAI

, _ [aVi , _ [ 3.014X150
L 4. = p*vkd‘_\/2*113><342.32><45=36'7mm
10.2.5 SRRAAELERSLIROVRE

AR AT EERENT R GRS TRESR, TEARSEE R ERZ9ME,
Mg AT R A AC . AR HWRERRA T BETLHAE.
SEESE—YMEREh IEAT] R W pked , ROV b

2
Po = P—F%

ﬁgﬁﬁ PU—_E‘?———I
% (a)

O] RS WA S B, e 210, 19(bY)
+ 953 .



e (12 )

EHR IR EH R, R =,

- Xag. s X Ma®
%_H%mugw = 1+ ZMa? {1+ 70 ) (b
-2 _ [
B F Ma = - b
Fa
: . @
B M =
¥ ERAA A e, 18
%ﬂ=1+1‘?2 (c)
5

HAEXRRK ()Mo, KMBEA ] R KL B0 , 668 5 B e MRS %

mﬂ

1 (10.27)

g=

ERBASCIT B SMAHE c = 340 m/s, MEAFAHEIIREY 1%, 34, K0

v=cMa = 340 X 0,2 = 68 m/s

A0, SRMEE /DT 68 m/s B, A 0T RS AL B, A RS 6 < 1%, SLER FR
BAT R R B RER G B ERGME RS,
B (10, 19 EFHRE

H

£ (1+Z__1mz)?l_'
o 2

M =020, y= 14, BHEAALZL. 8

=‘Pﬂ= (1+1,42_1m_22)1.—h —1.02

% BRI AL
@i‘-’ =1.02—1=2%

TR TE AR SR T 85 R 6T PR 4% TR A b BB AY %, JLBE I (Mt A f
ASORUMH R BB 1%, WAL DSCH Ma = 0. 141, MR B ST R o H

48 m/s,
W 10.8 ERESFAHET, AT EBRAHMEELE S = gﬁ < L5%, MFRETH

2
v e



25 S UEE /N T B /0 B R R AR o] IR 48 (ol 2 5 e o R A X AR L D 0
MO0 27, RRAHEIIRE

. Md?
6 = 4
BEE o= < 15%
4 Ma <C 0, 245
Wi T K c = 340 m/s
SR v=cMa = 340 X 0. 245 = 83. 3 m/s

BIZs<EHE/NF v=83.3m/s B, Al 38 AR RSk ah 2,
(10, 19(c) ), 18

S BE AR AL

%,9:1_03..1:3%

10.3 MEERYBMEH IR

BERBERERFERN, B BEHEEILAR T REMSHETHER. BTR
A WAERE TS R B A 7 A8, R B, BEHRPE ) 40 ] 28 R i, 3R 1 o
SRS RRS) . DESTBUE &Y th 3 R R (A T8 A Bl TRt BT 434 9 38

SHERE LRI R ATIH B TR LU E— SRS ER A YL,
0. 12)

do_ ppedv
P kL

BERASHIBRYE ;% = C {5, B8

210, 12> & C10. 23)&A%%’%{$ﬁ§?fﬁﬁ = RT 8953, , BH1E

d_'r__ . zd'b‘
T = {(y — 1)Mu *_;-

dA
#1010 2 = (2 - 1) %}’, AFHEAR (10.12), (10, 28), 28 (10. 29) 18
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Ma®  dA (10. 30)

—_

p  1—M? A .
dp _ ITM;:;E 4 (10. 31)
p —_

%:(ywl}l_mzf (10. 32)

IR RXRR EHEER A RER v EE p B o RANERNRRE v 5
DM Ma 2 FIR L F  BER SR ETINE 10. 3 BF).

210-3 —BREZRHSEMDEN M YL R R

Ma < | Mz > 1
el TN el TN
: ' + + +
s T [ ' 4 } v
JLE g5t

(1) AR (Me < 1) 7B (dA < 0) 1, 81 (dv > 0) BRKIE (dp << 0) 4
Y KE (dA > 0 7, W (dv < 0) FINHE (dp > 0), X FUR AT 48 AL,

(2) BEEHE Mz > 1) FEHRE (dA < 0) 388 # (dv < 0) FME (dp > 0)
ETHE (dA > 0) A0 (dv > 0) FIBRIE (dp << 0), X 5T B FHR .

dA: i d‘U

A " (Mg 1)—1[1r

p dd _ A 2 _ 1y do
8 [‘—U(J\zi; 1) !

A AR S Mo = 18, ERENSTE B =0, Btk A SERA. R

HABEEN, BRI AR/ NRR R, ERAREEF %R R8N, S B/ IR
ML, B 10.8 -y H . MEALRGHS, EERTEPXIASH, SEER/IRE
A BIRRE  SRUR AT A M v I 7 R L SEE AL . TE Y SRR WA 3 AL A R R L 3E R I
. XFRIEAEE R

MW P,

\ L R
A rTITTITITI777
. A, %

B 10.8 Wy W B 10,9 RE/RE

+ JRE =



1883 4, B TR IFHIR/R (Laval W B 1 KRB E——hr /R BCE (& 10, 9.
MTFHESBEND, BRMEETEAMS A0 EFERARS T BYE ZHNA.

B 10.9 1k ESR po = 3X10° Pa, # iR T, = 330K WES HEL—NRFRE,
H T ANMBIE A — 13°C . 3R O S8¥ In BB /A EHREEE R A, = 10em?, REFTER AR
Eu .

W N THR R ST AL B, B EE, ARRRHE H O EERL
BRATE o T, HEHOLER p < p., IBRHIHAHERERE AHAE Q. =
orve A HHE ., WREOAER p> p. , NI HEFAERNHAMMEEEERL. Rk
T[] WS 4 4

HOAMR S ST .
T=273—13= 260K
T _ Y=l ey
B3 010, 19¢a)) 7 = (1+ 5 M )
260 _ 2y-1
30 = (110.2Ma?)
718 Mz =1.1602

AR TEMR RS f ik B SR
H & (10. 23(a))

T.
T = 0.833

5 4 . =0.833 X330 =274.9K
ve = . = ¥RT. = /1.4 X 287 X 274.9 = 332.35m/s

P _ (2 VT
dy 7 (10, 22(b)) - (?_H)
2 3.5
% p.=pn(14_|_1) — 3% 10° X 0.5282 = 1.584 8 X 10° Pa

_ p. _1.5848X10°
P« TRT, ~ 287X274.9

Q,=p-v. A, =2.009X332. 35X 10X 107 =0, 667 7 kg/s

10.4 FEHSETFEAD

EXETEY, FESE SRR 2, S . TRKEE. 4 EA %
Fo W TR SRR BT B, A0 B R R R B S R, T e bt
PN BrvE 3 i n e giinin .
10,41 —$ETHHER

TS SRBEER T8 H R MR BTSN T 89 R R, B 2557 2
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WeiHEh—Sfisika®, Wt ERHzIS BT ERE - OTF9E. TEERESY
758 T Y RS AT AT

BHREN AT A R A E RO R BA R RN, % 10.3 R T A2
REAR E AR AL Ry B B

1. SR AR B DB A R

TR T P AR S S B S R R T L O B IR RS,

v
Az =pl_vzzf,(_fu_).
A g P(ﬂ)

Ca

12 (10, 19(e)) Bz (10. 19¢e) ), 18

_ 2 5N
Az _ Ma][z“*‘(}’ 1%%1 i (10. 33)

A, M, L2+ (y— 1D)Ma?
RO IDNEMTEREEHPFEBRER A MBI M ZRNHEXE, RES
EFAL S E B AR R H S — A B TR BT IR IR E AR B — 4k B Ma %, WA T T4 4R
S hF R (10 19K RSB,
BE, GCHA A RE—LADHS, 0 Ma,, K ERS — Mo,  HHFERE
2. Ak BE-TSEREA. . YHNEXRELHT M = 18], ZBERFSERE
A S8 X RE T EREETER P TR BN, 310,33 B,

A_zﬁ’h[zﬂﬁi)m&

A (10, 34

A0V E—REHNHEPEHXRER, LXK 4
BRBIECFITE 10.2 2%, B 10, 10 B FXee A,

M8 S5 Mo i, X Ma R0
3
SN F AL A Ma 5230, 8 2
BT R AT I A . 05—
Wﬁ:’ﬁﬁmﬁiﬁo A
BI0.10 B WEE N, R 0 A MeRRAR
A, =0.003m®, Hi0 Ma, = 0.8, REFARBEER N A, = 0. 005 m? 48 Ma.

B BT A >A, RAXRNEERE. & M, = 0.8, EXRRSHRLR,

A, _ g9 o Da
LIp:] A —U.QGJZ—AE

A. =0.9632x0.003 =0.00289m?

Wb A BRI TR TS I RRARL A A 40 55 BE 4 8 i, ZE AR L A A A DI R,
PEHMRELOSE S ERABARE L SR LR FASERSIRRLEER, W
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A. _ 0.00289
A, ~ T0.005

B 10. 2, A, /A = 0. 578 HA [ M. = 0. 36,
2. RiKEAHNEAR
Ve

EHE Q.= VA =42p < A

IDD C Op

= 0. 578

F AR (10. 19(b) IR (10. ) F My = —15 % 3EE

. -
Q. = v7RToMa (1+152M2) ™7 4 (10. 35)

=J§—%Ma(l+%lﬁ'fa2)_#lﬁfl

h 2 — o, AREM T AR
HEHNFEERRE A, (Mo = 1) i, 352,300 5 i B35 20 1

Qumex = o L B2 (?'Jrl)_m"'“ﬁ (10. 36)
X R m 2 L ]
2 \FiTt
i, Qrymax = A [}'Pnp) (;{_—1) ] (10. 37)

$10.11 —PEBHBRANERERPEBRRAL.ASKy=1.4, R=297)/(kg-K),
HFRP po =4 X10° Pa, T, = 298 K, AT —BBERMIIRLY . L OMERN 4 =
50 mm, HHA p, = 10° Pa, RF{HRKA MR

B TELWNHFENOAREBRNEEGREE,H p XK, HAERPER p =
b BMERNERIN. 2 po > o B EREEB NS M. 2@ EEHHERSHE N
RESEIAGRRE.

T. 2
HR.(10. 22(a)) T, = yF1
— 2 _
A T*—298x1_4+1—24ﬂ.33f~:
B (10, 23(h)) P = pp X0.528 = 4 X 10° X 0.528 = 2. 112 X 10° Pa

BT oo << p., MIRBIEBHEL OAHNCHABRRE HEIBL, USEARIA
BEL . ENHIARSAHEEAR. HOLDMER P = »., REEST p.SHERBEL
MRELEAED .

TFHE—.

#2010, 37)

| _ 1
£

Qumax = A [TPGW(%)H]
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P 4AX10° 3
Hef &= RT, ~ 797 x 298 - oLke/m
Lil
2 FH 13
— &
5 Q. = % %0.05" X [L4X4X10° X 452X ({577 ]
=1. 807 kg/s
FE

FEESHT T b < po o MEEEH O po = p., EHEK Q. = p.v. ATHR.
M (10-23(c)) p. = 0.634p = 0.634 X 452 = 2. 866 kg/m’

v, =c. = JYRT., = 1.4 X297 X 248,33 = 321. 33 m/s

4 Q. =puv:A=2. 355><321.33><-‘;’1£><0. 052 = 1. 807 kg/s

10.4.2 BHERER

LRRE W —EH R, — B R ERRG KSR, RAEREAS BB B
. RS X RE R PR, BT Fanno) Higl. 35— TEEMBEK. K
SHNR BT R RN, FREEPS RS REFEFFHRRE, XESRER. F
T B A ERE WA — LR BRI N4
1. LA AK
RO EERAESREE P EEE RS, R TEAR
oV =Hk (a)

B TRATH S5 F LERTH B2 S RER, W2 UE —SE AR KRR
B W

LoRT+ Y =+ — ke (b)
i-—#iE FHsh oz B FER (E 10.1D)
VAAV =— Adp — rodx * nd (c) MWW
A BREENEE:d hHE. 4 P - ptdp
mmmf = RT RE#& AR c = VIRT = L et
Y

ﬁ% AR, = %pr = %A}'pMagg O E W) i
BEHER

@ 10.11 HEREIFRS

dp __ VAV _ A yMa’y __yMa® d(V?) _ A
P p d 2 2 V? d

Hi(a), (b, (A F[BBRMFERA SRS ¥R

£
%%M (d)

izmt



T rt1 (10. 38{a))
T. 2—I—4[}f—1)M:z2
£
p

% f 2+(;11>Mf]2 (10. 38(b))

1

P ¥4 1 2
b M;[er(y—l)bhz:} (10. 38(c))

HERPREERSME p M o AR HEFA T RE N

2 15 =
Qm :P1V|A1 :\/S,ch },_1;_1 Rj}[l[ (%) ] (kg/s) (10, 39>

AFARNEEREREHEHR N TEAEA. THEAMABBEBRE., X T8 EK

(1 <IMa <Z3), BHA = 0.002 ~ 0.003; 3 FHMEREH. LRRGEE TR

Leax v 1 UMAEZAL D IR BB RS YRR I > o B R EBENS, WE EH

EERA MmN E R B EA O MANLRETMARK R NEZTHORET

SFRE AR . SHEAEN, EEEE P AR N\ TIEGARTBE L DR,
BAEKN

A

] — Ma? y+1 (7 + 1) Mu?
bran = ,1{ yMa? T In [2+{y—1)m*‘]} (10. 40)
I_l 2
Ai=l( - 12)+T+11 (ﬂ”"‘“)EIJr z M (10.41)

2. WM

Bl10. 12 %0 Mo, = 3 IS KBEESH. A —MERBEREKN A =0.02 1
HARE BENHR d =200 mm, EERGEY O DHK M, = 2, BREERE L,

M R Q4D TSR y= 1.4, HEBEL =002, d = 0.2 m, Ma, — 3,
Mu, = 2,

¢ 1 71 1 2.4 Q 14-0.2 x4
| — =v=lo 7 )t5=sn|5
) Aa’ 14(9 4)+2.81n[4xl—|—0‘2><9]
8 {=2.1716m

W10.13 FERALBRES EREHBERD, BOLRESH p, = 2 X 10° Pa,
Ty =323K, V) =200 m/s, HE&E d = 100 mm, {REBHEKEM A = 0. 025, R A DEL
B b R DA RSB TR (OEBK N L= 3.5m, IRHEED KI5,

, v 200
B (D HOLTEE M, = _ — 0.555
' /YRT, J1ix®IX33

HERBATRK W ORE EFRRE M, = 1, g132010. 40)
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;- 0.1 { 1— 0. 555° +1.4+1ln[ (1.4 4 1) X Q. 555° ]}
mx T 0,02511.4%0.5558 0 2Xx1.4 L24¢1.4—1) X 0.555
= 2.80m

O b IR BE 7 (10. 38(a))

T _ r 1
T, 24 (y—1)M?t

_ 2+ (1.4—1) X0.555% _ e
T. =323 % L1 — 285: 75K

Hy O &b He g B 35, (10. 38(c))

—d
Z

1.4+41 _'!

—_ o
p. =2X10 XG'555’<[2+(1.4—1)><0.5552

= 1.04 X 10° Pa

(2) HTRBWHRAGE BAEK N (. =2.8m, BEFEK R I=3.5m, Bt R4
WERR. BN OB FRE 2 DARA Ma, AR 0. 555, il = (10. 41D BB E,
AT Ma,=1,/=35m,d=01m, 1 =10.025, y= 1.4, BEfMEAZLTE, A
(o

1+ 0. 2Mg?

0. 875 31—14(&};1? —1)+2'4ln

= ><1.2)

& 1=y MERRETBEEN Y.

f(z) = f"-’—z—ln(o.2+.r)—1.6?1az 0

ay x=12[In{0.2 +x) 4 1. 671 8]

EVE DB Ma, = 0.5, Ml o =4, AR AEERSE  +=3.6119, Bl D 4
Eﬁﬁml =0, 526 a mﬁﬁﬁlmilﬁﬂiﬂ MFUJSS%

RYEEKI=3.5m>{, =2 8mit, 30 o == p Mo
M ES R LW, DSk ::‘:_ =1,
0. 555 M/NE| 0.526 J5 A A 4 e %
0 10. 12 B B 1612 U3 )\ i 24 AR O
2 B
EIEW (L M)
10.1 #E2SET FEELTFSEN: QO BE; (b) ER: (OMALEE; (DD E X
AR,

10.2 D% M 5F . (L, <0,y 2, (L.
< v Pl V¥

1.3 fRCRTERE /3 R T R R TR BN ()0 M (b) p M (0

Wh (T FRE,
v 262 -



10.4 A BEMH AR A R L IR (v K (b)Y p B (Op MK (DT T

10.5 WHEHEBETHRASENFE. EHHEEREH . (aygk ks (b) th A4t
(o) AL ATFEAL s (> Y AR .

10. 6 BEESEEREE S Rshed, £ E . ()BHX: (DRI AE; ()BW
o /fs s (d) TC B S AR AL

HAE

10.7 KHLESE 20CHISFEE L, UL 1 188 km/h M BE %47, MR L/ HURE
B B FRE S T, K IEE A TR

10.8 BEH—KHAWEE IS, KE H = 200m, M#E 1836 km/h ¥f7,. ZSHBE T

= 15°C, R &L Kt BB IE o BB T B CHLR A B E A 5HE7

10.9  ALBR SR fEZMM S, K AR T, = 60°C, #A v — 14. 8m/s, ZEF—MEK

F.E—EpEE T =30C,. B _HikEk R = 139]/“(3 « K>, y=1.29, *ﬁ‘#
F e

10,10 ZSEVEEEMEEsh. 258 - ER po = 490kPa, #f (88 T, = 20°C, iR W L 75
co B Ma = 0.8 bR BLEEFIER.

10, 11 FEFHRS DR RS 7B O ML  BOE K 200 m/s, B R 350°C, RN
1 MPa(ab) , S AR EPREIE, ZEH D4 Ma = 0.9, CDHIETR = 462]/ kg « KD
y=1.33, SR OHEPE,

10. 12 f5SBRBEN: po = 1.52 MPaab), T, = 27°C, SN ST BT — KEm®
HAXRS B EMN R OER A, = 31, 7mm®, K p, = 101 kPa(ab), Rt
R (D DA ER . QEIHRNEHRRE Q..

10,13 IS8 10. 13 AR, = A — 1K E R 2 Y g
BHM . EHNSEHERY 1.5 X 10° Pa, BEY
2ZIC.MBHOWER T = 20mm, HE p, = —
10° Pa, WARA—-RFREEBHEREROHS [ AT =L
W, R B AR B R A 0 F AL

10.14 SSATHENREBEERABE p, = 0.981 X
1° Pa KRS SHBHPHSEER p = 7 X
10° Pa, ¥ T, — 313K, B AHRBRERBUES R0.LE
d, = 25 mm, #:3RK: (D U SR Ma, ; ()RS 8
SR (HBEEH OREN ER d,.




A fF 5 #

1. T

A ER o E #EMAERE Pa, N/

A WEBREER o E KfR ]

A FEE m E, st ]

ala,, a,, a.) MMBEHEXEGR) m/s E, #fE ]

(as by ) RBRANBHBLEE m Eu BREIE

a % m e BUMBREMARE J/kg, m*/s

a; WEHEEE m € &> e, HEBRR=TIFEZAVER
¢ EHRPLARMOE m

B HEpEE ,

B, ERE F(F., F,, Fohea®(4®&) N

B, WIk{E F, BFERA.8%h N

B mi#E F. BE@®ENH N

b RHE.JEE m F(zy y, 2, =0 EHIEEEFE

b MRS m Fo SEHELS . FRERESH N
F,. #4 N

C JLEER# F, BE#A N

C ¥R, FZ8.80.80 F, MikmmAy N

G R % F. BBEA N

C, HEWMEMK F. JBREHA N

G REFLIRHK Ffor f0r £) BRARRGE w/e

Ca #ITG¥

¢ B ME m/s Msiaiais

¢ ®ZE fo fo MEAEFHEMABTE) m

 pm e f ERPLREAROE ™

* f WE 1/s

D % m fz) HBRE

D kgl

D G WHEE N/m

D TRRSHCEE S G &H N

d HE.EF m G HEA

d HHE g BAMEE m/s

iy, J’kj]E& m

H EE!&EL&*%!E% Il
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H, B8 m

h RE:BE m

b, AKEHE m

Ry WHEEKELEBE m

he FRERHIK m

hy, WEERAEE(EHRAKNL) m
h, EZ#HE m

I & N-+s

Iy I.t:.-' ﬁﬁﬁsﬁﬁﬁ m’

I, H®BRI

i EARERfY

i jok HAXFREANEXZSAUER

-

e L R R B E
k. EEEW m'/N
ERGAVHBE m

e
F

f—i

. R
K m
KERBEKE.XE m

Ty | ]
LS

M HERHN

M HE N-m

M BRTFRE o'/s
M BER.L

Me k¥

m JEB& ke

m L m'/s
m EHRE keg+m'/s

n Bfikmak
n SEnFR

n FEE r/min
Ne 4%

PFr gl m

P Th#& W

P 2H Pa

p R ke-m/s

p Hi Pa

po HXTHIE Pa

PPy HWNEIR(FKHE) Pa
p. HEHKE® Pa

P KSHER Pa

p BHHE Pa

p. HBOKER Pa

£ XFEH® Pa

Ap HERREHA  Pa

Q HBEHHHER o'/s
Q #HHRE m'/s
Q. HMEARE ke/s

R ¥# m

R S&k¥% J/(kg-K)
R, #Hi®FE¥# m

Re HHW

Re XN¥SLHE

Re, HEEEEH

Re. RAEHEY

Re.. WHRAHEER
Re,s Re, jpﬁﬁ%&
r R RROCERE m
LA *ﬁ-’*% m

s BRBWEREEE [/ ke KD

Sr MRAFFH IR

T BE &

T FEM s

T BF K

ty tn, MEIFEEEKEE) m
! Bt s

U #EFE m's

LU i@ﬁﬁiﬁ m/s

u BEREE m/s

u, ve w ERVHEEESE m/s
w, v, w HEERHE m/s
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u, HHEEEE m/s

V EHEE m/s

Vv #&#H

V, E7&EEFEH o
V, #&%HEFE m/s
V. HIEME m's
V. EEEHE m/s
v HE

v v . FEEGRERESER

2. BT

FAE. MM rad
SRR IEHF
AR 1/C
HE rad
EEHR m/s
HE N/m’

EC 44 B (A AR 3O
& rad
HELEE 1/s
AENREEA rad
MARZXEE m
& (iBHEE m

o FIREE m

{ R IR

¢ BREPHE

Llxs vy t) FHEHE m
25 i T

537 PR W

i5 7 14X

FEE i rad
Fr m

R
HiEE A HE%
HE Pars

%Wq.“-{“-{‘-{"‘j'ﬁl}ﬁﬁn

T’ R e x> @@ a3 ™

L
A
=3

v PR
v T
dim WEHFS
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W BHRE N
W Ij] N+ m, J
Wiz) H¥

2 3.z HESKENATE

Y 2 HE

: WEYH.ZATR

it
v

it B 1E 3
EHHE m'/s

N 4 a8 MM A A

Mol oo

N |

E B D D& 8

i 7 D

[ fo X8

#FE kg/m’
Pik& SN

B 4 W R R
MImE Y J7 Pa
23 M

PR Pa
EmiNS Pa
it M f1  Pa
FHEEYNA Pa
MEEYInEh  Pa
EEHRYID m'/s
WEER m’/s
wKE /s
HEEER n
AREXE rad/s
PHE 1/s

wer wys v, HALHEAEESTR rad/s
e Ohgy U, E&ﬁ‘:ﬁﬁ E&j’}! l'ﬂ.d/S

div

MEFS

grad BHEMNS
rot REERE



ik B

A WL AT Y JL AT R AE

TS 1y Bl f B Uik
hi2 bz’2|
\R\‘q
h'2 \
N\ B0 . = b
M)
¥y
. b
# PO I. = 1z
_h _ bn!
Yo T3 T
_ hZa—+b) [ = AiCat 4+ dabh +— B
Yo T Blat by : 36(a+ h)
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MR Eloiv ¥ W#EiE
d .§§§§\=3\ \\ < 7
\ \Q B L4k I =T
N
y
_ D — g x> .
.- 4 L= 64 = gg (1—a
a=d/D
LIPY I = xR3 5
7 S
NN -~
i %&“&\‘\“\3‘*%&\\‘*“5&' e Yo T %E =08 ?254:'5" = 0.109 8 R*
¥y
e = Z_R"gs‘ilﬂ I = %(a+ Sil’lac{lsa—‘"‘—lﬁgiznzﬂ)
. IK\\S\%\\E?\\\\\:\ 2w J, = nab’
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b € JLph s A Py 46 G664 B ) P 3L

BCl ZHASEEHER{ERE, R > 104, A BIBAER)

L R — E Co=2.0

=l — % 2,15 — @ 1.6

WWHE — % 2.2 — @} 1.6

H ¥ E ]; 2,05 i ]E 1.6
r
0.5/

> ' Yh 05 065, 1 2 4 6
EHA . %E T, 257726 2 TiE 125 09

/

|' | dd 0.5 1 2 .4 8

s [ ___@:E G, L 10706 T 0.35° O'ZSEE?}E)
| { |

| |
S WF ¢, 116! T 69707 068 064




RC ZHAEEAEMN R > 10°, A D REHR)

o 2L b — @ Co = 1. 17

o =D o Q-

AR — @ 1. 17 — @ 0. 42

EHik — @ 1. 05 —t @ 0.8

L b}'{k 1 05 1 l L _2_ L 4 1 8 .- ]
5 T WA . %} e, "1 105 Tzt 2 20

] l I'd 0.5 1 2 4 6
R 'r e t t : ; J
— ( ) ] C, 11570937 083085 085

| { _ L

~ - Wd_ 075, 1 2 . 4 , 8 L
ﬁ - — | ] 1 1 | } r i
B — ]Ev C, 0.5 0471027025 0.2 (g
. 8 107 20° 30", 60° 90°.
el “. T, 0.3 04 055708 115 |
B
P 3 EHETH* .4
AECPIHE) ¥iar 1. 15 PR 0. 4 ¥ 0.2
i 2 FREME L. 4 I & & 0. 75
K EE UL 0. 98 IRHL, 0. 4 LM 0. ]
il AITE EHHA 1.1 P 0. 88
v S HiER 0.96 WA TR # 0. 70
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1.10
1.11
1.12

1. 13

1. 14
1. 15
1. 16
1.17
1.18

1.19

2.12
2. 13

2. 14
2. 15

2. 16

2.17

2.18
2.19
2.20

2.21

2,22
2.23

2,24
2.25
2. 26
2.27
2.28

2.29

2.30

JESEHER

11. 76 X 1072 Pa
2.917Pn+s
38.83N-m

xpnd’
3248

2.5 10% Pa

= m21i+mzyj —gt
0.2 m’
435. 4 kPa

12 ¥

#—

M
ZarzH :I

1
w re—
““r?[ 2 +rf(rg — )

4

55.419 kPa

{1) 46. 086 kPa
(2) B.731 kPa
126 Pa

6. 065 rad/s

cos f=——L; (BRHPLFTH)
A

0,207 m

42 m

45.18 kN, hp = 2. 035 m
1.233m

Ho—<H

1.155m, 2.11m, 2. 78 m
(1) p, = 27. 37 kPa

(2) X

2. 67 kNC 4 ), 7.063 kN( 4 ), 4. 824 kN(")
4. 05 kN

2 (0. 1257 +7)
0.1725m

4,078 m, 3340.59kN + m

cos? B< (% )Jﬂh

191, 3 kN
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2.31 (1) 0.6528
(2) 0.506 3

319 (Drx=(a+De—it—1, y=0G+1)+HFt—1,z2=C

RDu=Ce—liv=0d+, w=0
(Bru=r+tyv=y—t+t 2, w=20
(4) ¥

320 (1) EfEE
(2ta,=3—tHa, =1+t a, =2

321 s—~y=l,xz—yv=1]

322 (D2 —y =0

(2) HlE
3.23 (DB=C, A=—2D

(D) g = LA — ) + Bry

3"24 EJJ=E_}}='E:=D

¥ Emi’.rz =¥ =20
Po = Py = P = p

Tye = Tz = 0
r:v=m'

: Za

326 3xr—2y=(C
3.27 u=—2r—2xy + fly, 1)

4
328 —leto

3.9 (DAY, =% =%. =0

2 iﬁ i’” - T{;{EI;J_'??’:J 'i'“ :=ir.1-'= =0

3.30 (1) MREgy®E
(2) ke
(3= FPy+ 2y — 2y

3,31 (1),&:2’—’:—[&

r
Zn

3.32 (1})v=¢e"sinhy
(2) =€ "sinchy-+y

333 p=—3n 4+
Q=11

(2) g=—3-Inr

4.6 0.152m*/s, p, = 78.46 kPa, 4. 16 m
b rAaNE
4.7 hz“(ﬁh) . Q= A vZgh;

4.8 (1) 7m/s,3.5m/s,7m/s,14m/s, Q=0.035m*/s
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(2y H=10m
4,10 0.0132m’/s, 0.046 8 m’/s
4.11 29,67 min
4.12 (125.19m'/s

(23 1%

A, [he

A. he + 4,
(23 A AT

4.14 7.92m/s, 0.8 m, 80,6 mm
4.15 220.8N
4.16 456.5 N, a=30°

4.17 U]p%d%ﬂl—mﬁﬂ

(2) p—g-dz(v—u}zil - cOS a)

4.18 63.74 Pa

4.19 (1) 3L 26 kN
(2) 5. 25 kN

4.0 2.321 kN

5.1 o=54.74°

5.3 I'=-—ign, Q=4x

24 (DI=0,Q=20
(2)N'=—2m. Q= 2x
3DIr=0,Q=0

S — 2% c0s 28+ 1

r

v = m&rctan(:j i itanﬁ)

5.5 (2) p=miln

— Hx
»Q="

J'(.12+yr2+1}=
W Ty —n =€

56 (1) =—100x
(2 u = 20m/s, v= 10

B 0.2 V2 +¥)+0.2y+1=0
57 SO D =4 14dmfs, v =0.318m/s, V, = 4. [5m/s, p, = 21 Pa
S, D = 4,46 m/s, v, =—2.55m/s, ¥V, = 5. 13 m/s, p» = 12.81 Pa

_ I dW I ne™?
5.8 Wiz) = Lintgr—gm, W_ L
{z) zmln(z"’ R") I 5 7 — R

5.9 (ayWiz) =0U,ze
(h) Wiz) =—Uh=
(c) Wiz =—1llz

M)W&)=U&“(r+&£j

x

» 273 -



2 g
(@ W(z) = Upe ™ (2= 20+ 25—)

. 2
5. i1 W{z>=3”1ln(z—-ﬂ)—
T ko
$.12 Wz) = Zin(cosh 7 —1)

.y WX
d smh}l

ey - m
h

dz cosh 22 —1

h
5,13 (1) 0y =— 110", E@RM/NE 6 = 110°
(2) FL. =1159.5N, HREH U,

2+y—z(o+L)+1+iy(4 - )
(x— b)Y + 5

(%—b)y

24y —z(b++)+1

\e £1n‘/p +y—z(b++)+1] +{5(+-4)]
Pz 3

5.14 (1) W(z) =%’F-—1n
T

=— —grectan
? Zm

(xr— 6 + 5
- A
DB ===
N R
515 [PLEBERMER. o = 505

2
I, (z—za}(z—%.;)
Zmi {z-—'i-g)(z-—i

E2)

517 W(z) = Uﬂ(z+ﬂ;-)+

6.1 w=157s", k=0.251m 'y A~3%ms c=6.25 m/s
6.2 A=139m, c=7.81m/s, ¢; = 3. 90 m/s, W = 6 886. 6 N/s
6.3 (1)a=31L.4m, c=6.87m/s, T—4.57s

(2) ' = eos(D. 22— 1. 37)

1 {z-5)
(3> oar Tt 0, 32 =1

ﬁo'q' AZEE-Eme,q:U.Em,fIS; PA$3342PE

6.5 ¢= Acc SRRELD ooy — ), W2 = A Gl b(Z 4 id) — at)

6.6 [ J— A (ﬂ"_;ﬂr)(l_ehﬁd')
w =gk R’ =gk (ptp )+ (p—pread

7.13 5= kg

7.16 (1) m =.=:4/f-

(2y mp = —&—

pd? Vg
- _ wd
7.17 M—mﬁd&f(m—%,?)
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N
Pl R

.18

.19

.21

. 27

. 29

8. 16
8.17

ot O oo o0 oD

8.
8.
K.

23
.24
25

@ @ @

.18
.19
.20
.21
.22

.26

27
28
29

o= e ({ F)
=i (G

Q = kv/ZgHa®, K k=,,/m1r§é—). F(Re) =

MR p = 74. 67 Pa, WHLiH p =— 35.56 Pa
150 min

8 320 kN
(1Q. =0.0179m*/s
(2)H, = 3.6m

(1) = 0,067 X 10" m?/s
(2) Q, = 2.504 L/s
(3Yh=3m

(1) 2 = 1.8l m/s
(2) 20. 15 kW

(1> 3m/s

(2 1.6 N

(1) 1226.25 kN -
{2)9.81 N

{1} 53. 85 m/s

{23 94. 39N

A=0.0346

(1) 0. 71 m/s

(2) 0. 783 Pa

72. 84 m(il )

18. 17 m{h k)

11. 63

0.124 m’ /s

(1) 8. 23 X 103 mm
(2) 9.67 X 10 mm
45.5m

133. 8 kW

27 m
{(NQ=10.22m/s
(2) pyp =— 61. 87 kPa
1. 287 MPa

4,13 X 1073

0.280 7m

9.4 (1) 6,75 mm

{2) 0.345 N

Ap

Qta

Fi

-2‘?5.



9.5 J24%
9.8 ] 304 kW
9.9 (1)0.177N

(2) 0.195 N, 1.10
9.10 1.90 mm, 12.1 mmn
9.11 52.7 Pa
9,12 15 06 kW, 5. 27 kW
9.13 42).85m
9. 14 d<1.955X 10'm

10.7 0.956, 1.12

16.8 0.436 s

1.9 225 1m/s

10,10 ¢, = 343. 1 m/s

c= 323 m/s
v= 258, 4m/ s
p = 321.5 kPa

10.11 527.3m/s

10.12 (1) p, = 803 kPa(ah)
(2} Q, = 0. 113 ke/s

10.13 27N

10, 14 (1) Mz, = 1. 938
(2) @, = 0. 785 kg/s
(3 dda = 31. 73 mm
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THE RELECE P, LR B SRE N, 2003

WEXFER/ T2 R BHESTFER NP, Jht . SL Tk g3, 1980
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