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Y7, 0.00114
pV 2 991.1x 32

B (5-18), BTy = A . MERYIRN T, = 0.015><T =16.725Pa..



mt 517, & =0.5r %, 7= TO(rLJ =16.72x0.5Pa =8.362Pa ;

0
Er=0&, T = 0.
@ #r= 0.5|’0 QBYFEMETIN A

T, = y?j—“ =0.00114x 4.34Pa = 4.95x10°Pa
y

EEIMINYIR A1

r, =7—1, =8.362-4.95x10° =8.357(Pa)
5-13 M\ERABENTHRESHENHMMERENEERESHN, #HS MERENBEXEE 50 i B

O s
14

=11.64.

IE RIER (5-50). (5-51), EBERIMEREREA

i Y

— = GEMERR, <O )

N

H _o5m#Y (55 (v> ) &)
L 14

e v=0, wor (Y ) B (@, b B, BEitH

* *5
254y 155~
14 14
O,
29, = % @ 0y =2.5IN0; +5.5. FMEREEERIE, BME 1.6, BHBERENANREET

*F&=10x10"3%, =
55’ =11.6——)50+ =11.628——)5J =11.633——)5g =11.635
AR, BEES

104
1%

=11.635~11.64

iEHE.
5-14 H—H1 d=200m pFEASE, HummmEn K, = 0.25mm, xaT =15°C. sskmsrkniae

HRAREMERTEAEENR N RE.



s . BYRIEEH AR (56b) MK (535), &

&S
H_
i
g
3
S
F
0
>|.
S
=
o
<

Vd 0316 B
Re=-1—,41=—""-0316 —
1% Re vd

1/8 718
5 328 328y 1 [Vldj O O
vJa Vv, 40316l v v,

mR (5-400) pBERHK, <0.40,, &

718
k, < 23.34(ij gl
v

1

#a=0.2n, K, =0.00025mmy =1.178x107°m*/swA,

0.00025 < 0.0001239V, ""®5}V, < 0.495m/s
i, HEFRKNABEERRERE
_Z

Q=7 dV, =%x 0.2% x0.495m° /s < 0.0156m° /s

wEREERnR I REAV, . BEREAR (5-63), &

2 )
A= (2 Ig 3de) = (2 lg 20 02] =0.0207

. 0.00025
32.8d o A7 o
B (5-35 B, =——=H30 (5-400) HRREE %A1k, > 65, 19
Rev 2
(> 6x328 196.8v
oV, VWA

_196.8y _196.8x1.178x10"°

*7 kA 0.00025%+/0.0207
HUAERS 58 A MR A R B AL
Q, = %d 2, > %x 0.2% x 6.445m° /'s = 0.202m° / 5

BV m/s =6.445m/s

5-15 SEREHK 1=1000m, ML d=300m, Btking Q = 0.1m®/s. witakan10°CHIL5C mimis
RTMARRERE A Rk h, .

® (1) 2%kEn10°Cr, 5v =1.31x10°m?/s, 8



4Q  4x0.1

V=—"== m/s=1415m/s
m? %03
Re= Y0 _L415x03 _4 5 10x10°
v 131x10°

wiE® 52, mpsEngEmeE K, =0.25mm, smrzEak -6, &

k, )™ 69 - 000025V 69 ||
2=]-181g PN | G —1.819( : j b9
3.7d Re 3.7x0.3 3.24x10°

= [-1.819(8.941x10°° + 2.130x10° )| * = 0.01972

FIF Colebrook AT, (5-64), AJIEMRI

-2 2
A=l —21g k, 251 [ 2Ig][o.ooozs+ 6.9 j
3.7d Re\/— 3.7x0.3 3.24x10°

-2
‘ 0.07747
A= —2Ig(2.2523+ j+8
[ Vi

it A, = 0.02, mhimpsramniastizeserat e =1.0x107°, @xwrm
Jy =0.02—> 4, =0.01981—> 4, = 0.01981

maesnts A, = 0.0198, Swmastuminen su.

mAZEAR (5-18), A =0.0198, =

2 2
h, = ﬂl—v— =0.0198 x @ 1.415 =6.74m
d 2g 03  2x98 "
@ %kExl15°Cr, 5 =1.178x10°m?/s, 8
V =1.415m/s,Re =&X0'36=3.60x105
1.178x10
111 -2
LA 5-65) ¢ A=1-18lg|[ 2002 1, 69 -
3.7x0.3 3.6x10

—[-1.81g(8.941x10® +1.917x10°% )| = 0.0196
Colebrook 2=\, (5-64)

-] ol Ko, 251 ° g 000025 251 -
37d ' Revi 3.7x0.3 3.6x10°x+/1

-2
. 0.06972
A =|-2l (2.2523+ ]+8
{ | 77




it A, = 0.02, maimpsnamiastizzserat e =1.0x107°, @
A, =0.02—— 4, =0.01971—— 1, =0.01972
susnta A, = 0.0197, smzmastmizznosi. A =0.0197, 5

2 2
hf:}L(IjV _ 0.0197 1000 1415

2 03  2x98 "

=6.71m

5-16 RHKTFEK 1=1000m, FI% d=300m, EEugmmE K, =1.2mm, 4&T =10°C . sksimsk

h, =7.05m srrmteone.

@ uT =10°Cw, 5V =1.31x10°m? / sAR5EA = 0.029. mxmEast (5-20), &

= \/2 9.8 705 03 m/s=1.196m/s
0029 1000

- —1196XO§—2739 10°
v 1.31x10

BB =EAR (5-65):

k 111 6 9
=-1.8l : +—|,15
J [3.7d] Re [

0.0012 \'* 6.9 *
2=4-18Ig|[ = TR L
37x03 2.739%10

= [-1.81g(51.0x10® + 2518x10°° )| * = 0.02884
k¥ Colebrook A 7 (5- 64) o HEIEAE

| oo e, 25U Y[ [y (00012 251 N
3.7d " Revi 3.7x0.3  2.739x10° x~/4

-2
. 0.09164
A =-2l [10.811+ j+8
{ ] 77

winte A, = 0.0288, msimnimmianizzarAT € =1.0x107°, wsw

s\H

1

4, =0.0288— >V, =1.1997— >Re, = 2.747x10° — > 1, = 0.02883

#ikrensEsn A = 0.0288.

A =0.0288 &35 v FiRe, 8 V=1.1997n/s, Re =2.747 x10°, @F re EaFEMH, A EHEES
1k, BTUBRNTZE. FL, ABE



Q =%dZV =%><o.32 x1.1997 = 0.0848m°> /s ~80L /s

517 SERHIEEERE, KR b1 2n ACK h=0.8n, BFHRREM n-0.014, Eiwxg Q =1m°/S. soknurE.

bh 1.2x0.8

= m = 0.343m
b+2h 1.2+2x0.8

ﬁzV:g= 1 m/s=1.042m/s,R =
bh 1.2x0.8

R A AR (5-66), B

R2/3
V =C+/RJ = Jig

n

2,2
1=V _g86x10

R4/3

5-18 $EsEskERE, BZ d=soom, xBQ =1.2M° /s, msmEamer v =1.57x10°m? /s wzix

BIEEEAY AT, HRBIRMELRYE A iE.

R
V = 4Q2 = 4X1'22 m/s=6.112m/s
d 7x0.5
Re=Yd _ 61205 _; g6, 10:
v 157x10°
BERILBR, APREHAR (5-62b) i+ A E, A
0.316
ﬂlo = W = 001505

KEABEARN (6-62), ERERXN

Lo RevZ o o1 1946x10°V2
-9 2m -|°9 2.51

s = [21g(7.753v7 )+ 8]

mreitan, mint A, = 0.015, mamrsrammnzeErsT e =1.0x107,

A4, =0.015,4, =0.01580—— 4, =0.01571——> 1, =0.01572

wesaam A = 0.0157 . kigst (5-35), &

_328d 32.8x0.5
RevA  1.946x10° x+/0.0157

wxs2m, wusnEk, =0.15mm < 0.40,, wanmraeReeLERN.

111
M ZEAR (5-56) Eﬂiz —1.8Ig{( ks J + 6'9}, =l

Sy m =6.726x10"*m = 67.26mm

Ji 3.7d Re



0.00015\"** 6.9 K
2=1-18lg ( : j P
37x05 1.946 x10°

= [-1.819(2.877x10° +3.546x10° )| 2 =0.01756

FIF Colebrook A (5-64), ZERERA

o[ ol Ko, 251 T o1 000015 251 N
3.7d Re\/_ 3.7x0.5 1.946x10°x+/4

-2
A= {— 2 Ig(0.8108 + 0'12898] + 8}

Ja

mrtmm, miE A =0015, samasrEnENREERAT €=1.0x10", AHs

A4, =0.015,4, =0.01797 ——> 4, =0.01777——> 4, = 0.01778.

s A = 0.0178. am, Bm2@EARS Colebrook ATARE 1. 2%, EEABEARK 12% —EHABSARITEE
A =0.0157 sotm.

5-19 H—k i, B 1=500m, %12 d=300m, ks K, = 0.2MmM . =i@igeommn o=eoL/s, kg T = 20°C .
(€D) #U%U?)ilf.: 'l"l'%/ﬂ'#i?}% (3 ;k/ml_nllﬁﬂljﬁlt_t 4 ;kl’fﬁﬁq:i’]uluz%MET*/ALEZtt{EV /lleaX °

@ (1) kaT =20°C sy =1.01x10°m? /s. ensassrensiEy

v _4Q _4x006

=—== =0.849(m/s)
d 7 x0.32
Re = \ﬁ = %XOS =2.522x10° > 2000
v 1.01x10°

% EE.:-':%UILUIL s

k 1.11 .
(2) RIERZEAR (5-65), ani =-1.8lg > +@ , 8
Ja 3.7d Re

1.11 -2
2=1-181g| [ 20002 +L5 =0.01917
3.7x0.3 2.522x10

HIEAEAR (5-20), 1§iAT2H%L

2 2
h, ==Y —0.01017x 220, 2849
d 29 03 2x9.8

m=1.175m

//1
(3) mR (5-36) BN Lt =V R SRR RER IS B



\/7 0.849 x ‘/001917m/s—00416m/s

pk, _0.0416x0.2x10° -

Re. = X _8.238
v 1.01x10°
iR Tl i AR R ORI ROFINT 0. 3< Re. <70, THIEZARTEEMARK, REHEFARESRIRER (5-54)
- 1
B M = 0 ’Ij‘y = r — I RN, BRESEHFTIER
L k y

e =2 _ L e in(r, - nludr)= 1~ fint, ~In(r, )]
pe ok "ok

(4) MAR (5-55), BiRLL{E
Vo 1 ~ 1 ~
oo 1+1.3264J1 1+1.326x+/0.01917

5-20 BilKitFSIH—REFG=ZETEERMNKEWEFM/R, B% d=50mm, D=200mm, |=100m, H=12m, # O /FHERE I R H

¢, =05 ], =5.0, mzmnzn A = 0.03. REFEINRES, HAHLKLERNEKKE.

% e, mEREssn Vs V, KER (5-772), MeEmEV,, BRI BHRLRY

Al 2 d 2 2
gE = 1—— = 1——2 20879
A, D
B 5-4hi3, MeEmEV,, EHREBIMALRN
d 2
=0. 5{1——) 0.469
D?

SHKitkRMmSEELR O BNEEEHTE

2.5L V,? LV2
H=|{A—+¢ +cc+¢c+¢, +1|—+1—
[ d G1 TG Téc T6, jzg ng

2
d V,
wEaREEsy, 8V, =| — |V, =g WERMER BRABTEE, @

D
2 2
12={O.03><M 05+0879+O469+50+10}V +0.03x 100 izv—
29 0.02 16° 2g
2 2 2
12 =157. 848V— +0. 586VLiV =0.07574
29 29 29

e V, =1.218m/s . misnes



2 2
d :1.218x#m3 /s =0.002392m®/s = 2.392L /s

Q:V1

33 EIES
Fisksk: 0.076m #0: 0.038m

e

e

EEE 1, 3: 11.39m ZEH: 0.067m
&EE2:  0.586m Z845: 0.036m
ER4: 5.6 f®i7J: 0.038m

BIKSLFOME K L AN B 7R -

521 BrEsy xEE, 2md, =75mm, p, =0.7at,d, =150mm, p, =1.4at,| =1.5m,

BIZKIRE 0=56. 6L/s, KEFEHARE.
% HE S ERE

_4Q  4x0.0566

Vi=—5 = >Mm/s=12.812m/s
2 7x0.075
v, = 4Q _ 4x00%6 /o 3 203m/s
m; 7x0.15

SHMETEZ EEgEE 2

2 2

z,+—+t+L =z, +—2+V—2+ h,
9o 29 9o 29
HBE
_ 2 2
hf :(Zl _22)+M+VL_V_2
gp 29 29
HBTEAR
z,-2,=1=15m
P,—P, (0.7-1.4)x9.8x10* 7
g 9800
KNEEETTE, 15
2 2
hy =|15+(-7)+ 128127 3.203 }m =2.351m
29 29
SE eSS T
B VlZ B V22
(=650 =%

HIE K Sk



2 2 2 2
Vi (128127 g o7gm Ve _ 32030 5oam
29 29 29 29
3
h h
oo 230 g, oM 238 e

V72/2g 8375 * V2l2g 0523
5-22 eV, THV, WRRT KENEFRR, ShEN—hZEENERE, FHEHARAYT A, k. (1) i
BB PRRMAMERRAEIAERERD; (2) HERNBIMRKS—RIT Kr SR HRLMELE.
g () RI\EEAR (5-76), BREFIBMER
2 2
vV v, -v)
29 29

1 vV, -V, ) 1
29 2( _%j +Ev(vl—v2)

h, = :%[wz FV2HVE - (Y, -V,)]

wm, Bamee v h, =h (), manh, (V) 2—smeamromns, cstoesmmo kzmmems,

V, +V,

waeh, (V )mwmns, a =V == =h; s
Vv, +V 1
() 5V =-"2"2w h(V)wmrenh, =4—(V1 —V, Y L m -k ks B EBR
g
1 2
h, =£(V1 —V, )P, W, SRl RRBEMRS L — R AR — .

5-23 —E1Z d=100mm B/NER, ZERSIKERELAIE w=0. 4n/s T2, kBn T = 20°C . stsk/ERFFZEINIEH F A1/

@ kaT =20°C waame v =1.01x10°m? /s . snmex

_d_V_ 0.01x0.4

Re =
v 1.01x10°

= 3960

s@m s dpEKMCy~Rema, 8Cy=04. m4mmpra (58), hNKkEN

md? pw? X7z><0.012 X1000><o.42

D=C, =0.4 N =251x107°N
4 2 2

NEKES G BHF ERREN=ETE, §
G=F+D

7Zd3 3
%ENG = gp, T%ﬂ;}?’ﬁ F= ngﬁ)\, B



3 3
g 4D
9P, =~ = 9P
R /NIKINEE
-3
p.=p+ 6D3 = 1000+M kg/m?® =1489kg/m?
79d 7x9.8x0.01

524 —EHERM, =EMLEARE L=2M/S, Exmgv=2x10"m/s, =5
P, =1kg/m®, wemmmme p, =1500Kg/ M° . tkeEsH EASTBEORHIRBABRE.
R REWEAAR (5-82), BHBRALRES

2 2
Pt md
D=C, 02 1

3 3
#ENG = gp, Tfm;% F=0p, Tﬁ;@ua«m—uf&mﬁ G=F+D, AT

3

d=3c 2 P2 _0002c, Re=*9 _10°d

4 Ps — Pa 4

REDENNEZE EMBRE D ESIZARE TR D %), EMBNSR LA UREKESR. A LAERER, H6EE 5-27

pEs Cy ~ Re #hs, #TERTHE, 8
g1xmmE d, =0.002m,Re =200,C, =0.75,d = 0.0015m
g2xEmE d; =0.0016m,Re =160,C, =0.85,d =0.0017

g3xmum d, =0.00165m,Re =165,C, =0.82,d =0.00164m

H SR E B R KA BURL d=1. 64mm,
5-25 FiMiEFE—EHERAINE, EFfER d=1m, A&KF h=2m, AERRE V=3n/s. HRFHEZRIMNKRER .

- Re=\ﬁ 3x1

=——"—_=3x10°. =@ s p=semiwC, ~ Rems, #C, =05. &
v 1.01x10

KRAER S

2 2
D=C, 2" (hd)=05x2202X3" 5 1N = 4500N
> 2 2

5-26 (1) EH1Z 0.5m\ 1< 5m EHAZEIRIE 4n/s AKRAORE . HHEARZRINEREETHFURRERE; (2) it
HEE 5my K 20m M EAEREFIIERUE 50m/s, BIRHRAREERGEE.

m (1) B@mxx U, =4m/s |, @ & # do5m, I1=5n . % Rk kB E

p =1000kg/m® K v =1.01x10°°. smme tinn 2 BRASAE S



A=dl =25m* Re=U_d /v =2x10?
B4 Re /0 F M, AHiEEMRC, = 0.45. kEANAR (5-88), BERABIBNAN

2 2
pLZJw —0.45x 2.5x% N =562.5N

L=C,A

ERESREAR (5-86) i, B St =02, &

- SU, _02x1_ .
d 05

B, FERZEERABEEEE R 562. 5N, JRAEESNZERR 0. 4Hz,

() emkxxREU, =50M/Ss, Bk o, 1=20m. gRESHEE p=1.5kg/m*, we

v =157x10"", gismmmos s mmmenmiss
A=dl =100m*,Re=U_d/v =1.59x10’
Ex Re 0 FxmE, AnEERRC, = 0.15, kEAHAR (5-88), BRABIHFH

2 2
L= CLA’DL2J°° = 0.15x100x@ N =23437.5N = 23.44kN

wEREmEaR 5-86) w1, BS, =0.25, #

¢ _SU, _025x50
s d -

B, BFME BRI RABHEEEEE 23. 4kN, SRELEIER 2. 54z,

FANE O BEWHRSARER

=2.5Hz

6-1
VZ
fi# mh, =¢—. #
29
2gh.
= 92, :2X9'8X8'165:O.06872
V, 6.86
Rt ES
1 1

9673

~ = =0.
v Jl+¢ +/1+0.06872

MU =8P, THRHKE R



gt o 081 _gga
o 0.9673
d AN
me=A /A m—S=| 2| =¥ wx
& AC/ 7 q (Aj &

d, = £¥?d = 0.631"? x50mm = 39.71mm
6-2
i @ wmigEEsE T, =h/v=2.0/0.055 = 40S . i tstziinss 5 Tkl z, LOHRES Q. fKigns
KA IESENE TR, #
— Adz = Qdt
FLOTEAD bvt, FAFLOERHIEE R (6-4), ZMATHEEAK, £

Q = wbvty[2gz

FIF LHER, 4
dz A 1dz
Q=——A=bvt\/29z % - ——=1dt
gt = A2 by2g vz

4

800

A
C-= - = 69.501
129 0.65x4x+/19.6

=

—Cdz = tdt

vz

Bz, B

v

-C Hi-y dZ Tv § 2C TVZ
! tdt =% 7(\/H_1—«/H1—Y)= :

iy ek T = 40S oA, &

VT2 Y 0.05x 40 )’
=H. —|JH, —— | =|5-| /5222 | Im=1.204m
y=" [ ' 4cj [ ( 4x69.501

15 T ] WA 3RIA 42T 2K G- BT 7 2 R )y Tl » B



1..Cp d_2 /_Hl_y:%x«/5—1.2043=135.418

h JH,-2 ﬁ h
i) 2 7KL 55T T 55 P 8 2 A A B )

T=T,+T, =40+135.41=175.41s

6-3
fife: WW*%F|=h+"BloEﬂﬂﬁmﬁﬁ%ﬁ(&n,
g9p
Q= LA2gH = uA Zg(h +&j
of
# _ 0.61x % x 0,052 |2 9.8x| 1.8+ 12000 ) 3 g
4 9800
=0.0159m*/s =15.9L/s
6-4

fif: HNMLAHE. AR, hiHEX (64), H

Q = :ulAl\/Zg(Hl - Hz)

AL EBER, HER (6-2), &
Q,= /uzAZ\/ZQHz

wkibE kAR, 5Q =Q,.

=

A 29(H1 - Hz) = 1, Ay\20H,

A = A A, =(d,/d, )

4
d
Hl_HZ :[d_Z] H2
1

I fift R 2~ S KT e B

H 4.8
H, = L = m =1.395m
* 1+(d,/d,)" 1+(0.125/0.0)"

g, =0.62, @l i

Q, =Q, = 1,A,\2gH, = O.62><%x0.1252 x+/2x9.8x1.395m®/s = 0.0398m?/s



6-5

e wRnme A, sgirm ey A, gV BT T AR, W TR DT &
SRR, B 4 A I E G, SAE AR LRz R ey F = gohA L seitken i
fes T i R A iR, W pQV = pAV 2. iEsEIE, 4

PAN? = gphA

V =Jon(A/A) = gh/e

mV = \/2gh . @./gh/e = p\/2gh . Frum

w EFike, 7o =10, &= =05

2

2¢
X AR A TS 4E R BB AE o

@ %¢ =0.04nt, o dmi, H

11
v Jac+¢ 1+ ¢

% @=0.981, n

1 1+4 1+0.04
2¢° 2 2

E= =052, u=ap=0.510

Q= pA\/2gh = O.51><%>< 0.04% x~4/2x9.8x1.5m*/s = 0.00347m?/s = 3.47 L/s

6-6

e wewsik ¢ =0.04

2 2 2
sk (g = A :(E—J :(i—j =0.852
A g 0.52

1 1

JI+¢+¢: +1+0.04+0.852
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AW A h R, A

Q = xA\2gh =0.727 x%x 0.04% x~+/2x9.8x1.5m*/s = 0.00495m° /s

5Q =0.00347m® /s sttt i a3%
6-7

e e nwimEs A, mnwEaV o megend =0.2, w

IE R E
1 1
et —0.913

A e T lro2
I 19

V = o202, =0.913x+/2x9.8x5m/s = 0.913
IRk

2 2
h, =Y —02x20%8 1 0834m
29 x 9.

AIAF
z, =2,—h, =(5-0.934)m = 4.166m
6-8

i e E bt Hy = H . s

V, =+/2gh =/2x9.8x6 m/s =10.844m/s

T
mAEAR (68), #Q = yzdzvou U

4Q ) 4x10 "
d= = ( j m=1.197m
unV, 0.827 x10.844

s, e d =1.20m, pyl =3.33d . womemwmekl = (3~ 4)d.
H
h, =P2"Pe _ 075K, =4.5m
gp
6-9
fift: IRETEAIN (5200, A
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heys = :ﬁhf12 = :L(w V2)= i x(1.5-1.25)m = 0.5m
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DNEAE 20 3 (AR 40K W) 5 R

oV’
h,.=h .+
w2-3 f2-3 é/ zg
|23 I2 2 ’
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