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Non-Uniform flow; ((jj_V #0
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GVF = Gradually Varied Flow
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Unsteady Uniform Flow

Unsteady Non-uniform Flow
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V; = mean of velocity at 0.2 and 0.8 depth
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RANMSLULABANNT I lwn191 1T a (Principle of Momentum)
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NRIITWIUNTE (Specific Energy)
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1. 08 Q = 0, E=y i§uns i ulduasevingy 45°
2. e Q) 0, E azlddianudn 2 @1 (Alternate depth)
fNa1N 138 y4 138171 High stage

1 v A a '
ANUBL AID vy, LIUNIN Low stage

3. ‘ﬁ Critical flow =8 Critical depth (y.), Critical velocity (V.), Critical discharge

(Qg), ez Critical slope (S.),
4. 1 Critical flow; F, = 1.0

5. Way =y, >y, 38171 Subcritical flow
y =y, < Y, L38N31 Supercritical flow F, > 1.0
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Hydraulic Jump
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FUNTLULUUAN: F-F,—F, =pQ(V,-V,)

F, =0 fa usauamu (szuzmilunisiiia Hydraulic jump laannddlwidugud)
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FNNNTGALLDI:

NI vy, Vy 9y, b6

NI y,, Vo 91y, 16

Head Loss;

Momentum Eq. + Continous Eq.;

Hydraulic jump ¥a218&1Awsa open Chanel Gait

1. ldmslwafimaguiRonasnu 1w m3lnasenannidan dovihdu Wudu

2. Uﬂizé‘uﬁﬂﬁgﬁu gnsuanesinlvaasssaia

3. Lﬁ&lé’@mmivlmaa@ﬂs:@m{ﬂ 1ae Hydraulic jump az%’nmszé’uﬁwL@Wé’dﬂszg}ﬁﬂﬁ
¢ I@U"l&iLﬁ@ﬂ’ﬁvlmwm{'ma@ﬂi:g (Submerged Flow)

4. aeusseuwaninldau (Uplift pressure) Adwarasmamans lasnisvinliszausiium
mmsgail‘yu

5. rnlumsnauansed dmsuthdainde

6. teliihduisonmeunndwuszldluuinmaauaasiwlunsiasiigs

7. °1hmr{T@waammﬂmnmﬂm‘lumdﬁwL‘ﬂ@gﬂmﬂau

8. Hydraulic jump LAaiufila ailszyguanddniasrainsinala 1w mvlna
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o 1 R v o A A A o A A \ L A Y o

A9 LLE]G%’]%G%WW]@EU&L%&UNN%N’]W%L‘SUULm\‘m%\‘l UANUNINN 4 m amwm'ﬂm 7.5
3 ' a . . @ oa . .

m’/s ANNANAaniia Hydraulic jump A2 0.20 m 911 ANWANRAILAA Hydraulic jump,

Froude number Nanlaztadiig Hydraulic jump wa& Head Loss 310 Hydraulic jump
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M3 lnagNILEN

Uniform Flow

M3 nagsLaNe (Uniform Flow) #3am3wnadné (Normal flow) Aamsinaluniesin

]
¥ =

a Aa a = 1 Q/ 1 A a
Lﬂ@ﬂ&l%%’]@]@ﬂ\‘]'ﬂ@laaﬂLL%’)ﬂWivL%ﬂ I(ﬂUllﬂ’]'l&lE‘]ﬂW]’]ﬂ%luﬁ'Nﬂ']ivLﬁﬂﬂWﬁnﬁﬂﬂ

Datum

Uniform Flow Eq.:

Chezy Eq.:

{ { = a QF Qs
e V = anusiaduvadns e, C = audseAnduad Chezy, R = Sadlvamaas, S = Slope

Manning Eq.: 32Uy Sl
J2ULAING W

{ Q a Qg .
\Wan= auﬂszaﬂﬁmmmgmszmaa Manning

Problems of uniform flow computation

- anlt Continuity Eq. lL8¢ Manning Eq.

s A o ' A
- lINABINNIMIAN A

Normal depth (y,: ANMNRNUNG)
a = ¥ A o PN
e ﬂ'ﬂ']l]aﬂ?.ladu’]ﬂlﬂﬂ’]i‘l%ﬂawqLﬂualuﬂ’]ﬁu’uﬂ@

a =} =1
Sousoalay 2.03.058 W5 Inm

23



#1713 713en55N T MUNITIAINTINARDS YR1INLIA: UmﬂIuIaﬁqsuﬁ

A2889 maﬁ%ﬁﬂgﬂémé"wmwg Ub=20ft z=2S,=0.0016, n = 0.025, Q = 400 cfs

WA Y,
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a a =1
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= ol dll 1 v Aa a A 3’ a a
3. anuiiadiga waldlfiAanmsanaznanuazinminaiadule
- aNUSIRRY 2- 3 fi/s AUt mandaudsla lidesiiaznan
- anustaly > 2.5 fiis Wieilasnuinmiaigidule

0.64

- AT 0.63y% MNTUAUNINY AT EINENANIIN

- anusnlden Fo>0.12 azliildiAamsanaznan
¥ :’ ; 1 Q/ Aa [~ °| d
4. anumarianin zlnednuansuznlidizing aneaauaMTIgIga/dnga

v J [ Qa a et g/ tdl v v & 1 va
El'r]&lvl(ﬂ mua;Jmma@;m@mLLa:ﬂmaﬂwmzmaomm}aom‘ﬂ%Lﬂuvl,ﬂ LT UB&JI%&I@IZT’]@%

o

wWyalidl 1Tudn
5. 8RNI MAREIWILEaNUULEIUWIINILTINAUAN Q.
U :’ & =3 a :’ a dl = AI
6. AMUFINUIN (freeboard)  TINANBAITTHZANHINDRIEN Qe TILUATIVDA

i ieilasiuldliihduaisazagszning 5-30 % vasanudnmsina y,

WhaaNANgauasniIanfilANIzaafign (The best hydraulic section and the most

efficient cross section)
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]UN13VBY Manning a9 Q =—AR”3S Wamnuald A, S uaz n AIN WU 8@3INNT MAA
n
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1enad
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nauudIdasyaAReIfinas) iInTznItfinmeniiaaeye (aredan) asun lunsd i
= A v o o A A o 9 . o Aad
Jevdenldwihdanimunzaungawiazlilinindnga

o

% 1 v AaA s
Gl')'élEl’]dﬁ%'l@lﬂﬂﬂﬂq@l‘n'lﬂ“ﬁﬁﬁ'lﬂ@l‘i

A=1os2 "] -y

P =2.83y
R = 0.354y
D = 0.5y

AR’ =0.707y%3
nQ *
—1.207] ™2
y S
%
A=1622 " | =173y
N7

(]
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<

] ]
adAa

b
A=1583 12
vy

0

ny
y
2
D = 0.786y

P
R

AR’ =0.785y>*
%

nQ

o

0

y:

2

mfwé’@ﬂﬁﬂmqu@mwamaﬁm aamaﬁﬂgﬂﬁmﬁwmmg Warruanuaa

MUt (2) 1wdne 9 nw

, b y T P R

y % % % %
0.00 2.0000 0.7071 1.4142 1.4142 0.7071 2.8284 0.3536
050 | 12361 | 0.7590 | 0.9382 | 1.6972 | 0.8486 | 2.6352 | 0.3795
0.58 1.1521 0.7598 0.8574 1.7567 0.8784 2.6321 0.3799
100 | 0.8284 | 07158 | 06127 | 2.0919 | 1.0460 | 27044 | 0.3698
125 | 07016 | 07158 | 05022 | 22917 | 1.1459 | 27939 | 03579
1.50 0.6056 0.6891 0.4173 2.4846 1.2423 2.9021 0.3446
175 | 05300 | 0.6621 | 0.3515 | 2.6689 | 1.3345 | 3.0206 | 0.3311
2.00 0.4721 0.6361 0.3003 2.8444 1.4222 3.1446 0.3180
250 | 03852 | 0.5887 | 0.2268 | 3.1702 | 1.5851 | 3.3971 | 0.2944
300 | 03246 | 0.5485 | 01780 | 3.4690 | 1.7345 | 3.6467 | 0.2742
4.00 0.2462 0.4853 0.1195 4.0019 2.0010 4.1213 0.2426
500 | 01979 | 04386 | 0.0868 | 4.4728 | 2.2364 | 4.5597 | 0.2193
6.00 | 01654 | 04027 | 0.0666 | 4.8990 | 2.4495 | 4.9661 | 0.2013

a =} =1
Sousoalay 2.03.058 W5 Inm

28



#1713 713en55N T MUNITIAINTINARDS YR1INLIA: UmﬂIuIaﬁqsuﬁ

A8 IIRIRAFINY aamaﬁwgﬂﬁmﬁwmomﬁmmzauﬁqﬂmmama@l% Tagrinuadn

. o &
AN € A

89313 1Aa, Q =20m’fs
AMNANAN UL =115
ANIAATdN, S, = 0.5 m/Km
é‘uﬂs:'ﬁﬂ%{m’mm;m:, n = 0.025
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o 1 & a A A o 3 Y S Ada
AIDEI Vn(]u’]gl]als%aUl]ﬂ’]@ﬂ%ll]a@]i']ﬂ']ﬁvlv%a 85 mi/s 1%%’]"1]%’]@%aﬂﬂ’]du’]“ﬂuﬂq‘ﬂqd"ﬁa
ﬂ’]ﬁ@]‘fgdg@LLaxﬁﬁ%u@ﬂ'ﬁﬂﬂwaﬁ’JU Lﬁaﬁﬁ%u@m’nwﬁﬂuﬂwﬁﬁL‘Yhﬁ'iJ 0.80 m/s Lﬁa

flasnunisanaznan, n = 0.025, b =0.98 m, z=2 Waz y = 2.07 m

Sousoalay 2.03.058 W5 Inm 30



#1713 713en55N T MUNITIAINTINARDS YR1INLIA: meIuIaﬁqsm‘%

430 451 Hydraulic Engineering

mMslranuuddswulaslnniswnie

Equation of Gradually Varied Flow

Datum

A
v

AX

A o o
N Warwnuwalw o =1

mmgﬁuﬁmaaawmsé’oﬂdnLﬁmuﬁus:mmo X

o dH
Wwa —

dx
TUWNIFYLTUNAII (Friction slope)
dH
dx

9 NMIURUULLAIVAINRINWNIRNALNLUAUITZLLNIIRIDANAG

= _Sf

dz
dx
Surasin (Bottom slope)
dz
dx

A a o S A a o a
A NILYasuudairadtzaun it aingunuIL g NIdnIanNNaNa

= 'So
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N - d(V? W v &
RWTVIAINNT VA Q [WEwNay e Indlaaa
X\ 49

2@

§MIU  Uniform flow wuald S, =0 wddmIumaswissmanadannising
wWaswldanuszazns dnualw S, =0 waziiSanlvaudarvue avd

1. magyiienasnu dwaldannnmigyiendsnugudsaiunsivasdiaue
2\/2

S, — (#1130 Manning Eq.)

R 3
2. anumatwraimasintaidias a9nu aNANMT M y dssanarinnuaing
anlunslnavasnineaa (d) wufa y=d
3. mM7lna lddunaNTasiuaza e
v o { o« & o a £ o { o

4. MINTNLANUNURINGANMTIRRAIN AIU FUUTZRNINRINY (o ) Adhae

v A £ a g gy =2 A A ) o

5. sudnEnndsanumsvaliduegivanuanmsivauazldnm - asaaziad

2

#NNTIN
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Classification of Water Surface Profile
MUY ANERITA LA I IR R AT AL U ITALIN sudueaswdslsznn
ANMURNATUN B9 ANTDFNAUAAIT

1. mot{’lﬂ’s’mm@fu&l’m (Steep slope, S)

2. maﬁﬁm’mmwﬁ‘uﬁﬂqm (Critical slope, C)

3. msieanuaaduiay (Mild slope, M)

4, ﬂﬁd‘b{’lﬂ’num@fﬂmm’n’m (Horizontal slope, H)
5. mx‘l‘tiﬂmwmmfugd‘ﬁu (Adverse slope, A)

a%m%’ugﬂéfmaammfuﬂ@ sarmslnauazanuamasuiasinfiinualy  sansn
fMuwimmANNanUnduazanuaningale anuanmylranssasriediuistasmeiniy 3
zones ﬁa

Zone I: Bl FUEIFR

Zone II:  TIIZRINILTUFDILFW

Zone II: iaoiﬁﬁm‘iﬁq@
B #1930 Mild slope; M
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Profiles in Zone 1:

Profiles in Zone 2;

Profiles in Zome 3

¥>¥, > ¥, ¥a Z¥ =¥ Yo ¥ =¥
g = — g H2
o N
@ ane ““\1
Bo| | ~=gm=mmmmm—————- e el mmmmm e ———— p===
= f
a3 | |y H3 S2-~
E" E e
I

FEEEE IS ¢

—_
—_—
= .

Wild Stope
Yoo Vg
=
I

SR e —
= T
R

 Jp—
—
= .

Critical Slope
¥n= ¥e

Sleap Slopa
= ¥

Advarze Slopa

ﬂ’lwﬁl 1 Examples of flow profiles.

(ﬁm: www.haestad.com/library/books/fmras/floodplai...)

a a Gl
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mﬁ\‘i‘ﬁ 1 Water Surface Profiles

Slope Type Surface Type Flow Depth Flow Type
M1 Y >V > Y. Subcritical (Fr < 1)
Mild (M) (0 <S < S,) M2 Yo=Y >V, Subcritical (Fr < 1)
M3 Vo> Vo> Y Supercritical (Fr > 1)
S1 y>y. >y, Subcritical (Fr < 1)
Steep (S) (S> S, > 0) S2 Ye> Y >V, Supercritical (Fr > 1)
S3 Vo> VYo > Y Supercritical (Fr > 1)
C1 Y >VYo=VYe Subcritical (Fr < 1)
Critical (C) (S =S.=S,)
C3 Ye=VYo > Y Supercritical (Fr > 1)
H2 Yy > Y, Subcritical (Fr < 1)
Horizontal (H) (S = 0)
H3 Ve >y Supercritical (Fr > 1)
A2 y >y, Subcritical (Fr < 1)
Adverse (A) (S <0)
A3 Ve>Y Supercritical (Fr > 1)
S,—S
an W !
dx 1-F;

&1MTU M3 Profile (y <, ;Y < Vo)
\IJu Supercritical flow wazll F, > 1 uaz S; > S, 1%ada1n V > V, (Normal velocity)

o o dy < L & oA - X -
PINFUNIIVING ™ 9213w positive Bufia ANUAINMTIRALANTUMNAANIINT KA
X

o a « & d 4 a v oa
813U Critical flow; 1-F” =0 AN d—y:> o BIW 9 URIITING
X

Hydraulic jump IR
fMITUANUANTEINANN 999 @1 velocity = 0 Yild F, =0 uaz S, =0 azld

' dy & a A £ =2 e = o v v o A Z/ a
N d—E SO wueas ﬂ'mwmwuaammaﬂmivlmazm'mu S, "IT\‘]"i]ZY]’]EL%LﬁWR@‘]JN’J%’]/N’J
X

M3 lna (Water surface) 1w Horizontal
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YTl ANLEUIZAUINUUBANNANATUAN 9 luudaz zone awnTaNazuendszian’le
lagltaunsdelufdsznaunsiansan

nfienn S, =S, wWa y=y, uazr F, =1 108 y=y, 2lad

mMItAanswaInga
dy S,-S
an Y _Demo¢
dx 1-F,
a a P = dy a
WITMINTL - S, =S, DIANYDY d—:O nin F =1
X
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v
v A

AN 1 MaAleneAauszauiihluidazlow sniuanuaatuias (M) laash

Y . ¢ d
Zone |: y >y, >V, azla S, > S;, F, <1 ayuun d—y Huuan fa awdnns
X

o
Traiinuanuszazng
) Y A
lugr9nilatin (Upstream) Lile

lug29ve3in (Downstream) 18

N

Yn [ @ A
\ vl F, vaswn 9 fa F, =0
Ye

/%
WW
%

2A3INIILN N%%ﬂﬂdﬂ’l’]&lﬁﬂﬂ’]ivl,ﬂﬂ@'mﬂﬂ

NMIMIRalayinny S, wia M1

Zone I Yo > Y > Y,
Tuga9milatin (Upstream) Lile

L . 4
lug29v83in (Downstream) Lila

o & dy 0 [ o ' WV v a 6 ea a & =
MU —=— Gﬁdﬂﬂﬁuﬂﬂﬁquiﬂﬂﬁdﬂm@lﬂ’]ﬁ@i I%ﬂﬂdﬂ’mﬂ’]WL%@]‘ﬂ’WSMﬂLﬂ@“ﬂu fa

dx
Wandase (Free overfall) w38 M2

W
\

W/////Z/
e
%
"//////
%

a =} =1
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Zone lI: Yo > Y. > Y
Tuzr9nilatin (Upstream) Lile

lug29ve3in (Downstream) e

Qs g: d a A J { d 1 o v .
SRS d—y:>a Tuanuiuassazlaiiedn mn d—y fe1un vinl¥ Streamline &
X X

A laIN a9 M3

N13U3ENaUNHYBILEWILAVYT (Compound Flow Profiles)
AT U WLEWIZAUTN N9 TN Y52 N UM BANUAATURA I TRANRINLA AH bib

A o g
MIdaw a96a Ll

1. MAANUAATUNDININIRNA 1a8 AU TEIW LI AININATINIATEI WL UINA

2. nzdaaniinila AAIINIT AR ANUAIATUYBIHT AULRIANIY NATRUA
fMUIUINANNANINGS ANNANUNE luidaziediin

3. NEWANNANING & luT9a I NRTIN wazanERANNANUNA luldasTI9aNu
AT

4. ﬁwuwﬁﬂé‘@mqulumdﬁﬁﬁﬁﬁﬁﬁmmﬁ

5. L‘%&J@Tumn%ﬁﬁéf@muqwlumiawﬁﬁé'@ MALFWIZAUNaaN MINI9LATha LAz ingin
AMUTHANINNANAT

6. tansluatdasuarnnsluammitedngdduiindunislualddingarinasinaziia

R £

Usngmaniinszlaadn

AIDLNINTNALFUIZAUN

——
——
——
——
——
——
——
—
——
——
-—

——
——
——
——
——
——
——
—
——
——
—

Mild slope

s s N
y -
% // < - - . e - -
N ) -
/ -
Steep slope %//47
i
. 7
Mild slope 7
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1. MeLduaNUAaTuiasindlznaudsanuaatuiio M, S waz M anade
nnwitasin i
2. fwIUANNENINGA auﬁudwmmﬁn%ﬂqmﬁﬁﬁmm"lﬁﬁmLmﬁ‘unﬂ‘*ﬁaammm@
TULAZF I HANVANUNA LULARZTIIANNA AT
3. nEUANUENINgEM AR FRlHLARETIIANIAATH LazaNIERANNEN
Un@anuLdnlssuuueaaat981in
4. Mmueninaaniugu U.C.1 fomylwasdnane U.C.2 Aemslwaingd A.C Aewih
é’@ﬂ'suquﬁgnaﬁ"w%uw’] (ﬂszgm‘fmmmﬁauﬁum) uaz D.C dam3lnadngaiiiasnmslna
ANDRTE
5. TmLﬁmxé‘uﬁﬁL‘%I'umﬂ%ﬁ']ﬁamquLL@ia:%ﬁ’]ﬁ@ Gt
a. Awihea U.C.1 Maduszausia M2 lumeviesia ey, > y >y,
b. fivhea U.C.2 Maduszausin 2 lumevnesia iwszin Ve > ¥ >y, ANUANNNT
s y wonegnudiuasnliduwns lnssdnawe
c. fwihea AC Naduszainlunmeduingu S1 1duszatindany s2 daein
nzlaa msvl,maaﬂmﬂﬂi:gﬁﬂﬂmaﬁﬂm‘f’uﬂu S3 Lﬁaamnmuﬂs:@lﬂm‘hﬂ’jﬁ Yo URzGa
a8 M3 UuaANNAaTHTHA M
d. fwihea D.C anuanmslwawiiiy y, Maduszausinlumedusindu M2 waz

daLduIzauvnaagiiinIzlaany M3

n'lsv[ﬁaaanmnd'ml,ﬁmfﬂ (Discharge Problem)
mm’mLﬁmzﬁuﬁw:ﬁmmm%;ﬁmgﬂé‘@mﬂm sarmslua anuaaturiasia
Hudau 1iaazduiom enuaningduazanuandnd ﬂtymms‘lmaaﬂmmml,ﬁuﬁﬂ
ﬁaanwﬁazmé’mwmﬂ%mﬁamwm:ﬁm{ﬂudwmﬁaqmﬂ%‘lwmmmmﬁu Wangy 99
o) L‘fluﬁgmiaiz‘mf’méﬂaLﬁuﬁﬁLLamaaaddﬁ’] izé‘uﬁﬂmﬁaqmmmﬁu h §894N1INIILEAT

mymalazanuanmyivaluaaas Towiduenldiile 2 nsdifa

A

\VARSE—

-

" -

"~
-
-~
-,
-,

o~
-

v
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1. hanuaaturiasaasaidusiia Steep slope aziiamsinaingaszningadads
LNUENUARBIRIIN
2. Tanuaatwiadnaaadusia Mid slope uazaaaIlaNNL1INN IUAAMNT AR
; J =3 a a g; 1 1 dl' v g/
sianaluluaned wazanuanmsinadndaziiaaudaadaiios lumaeviei

A9 oo o A
RUMINLTEIWIURIDATINT AR Aa

AU TULT 0=l ar%s”
n
o Q2
AUNIIWRIIN h=y+—<_
20A

A1 Q uaz y ﬁm"l,@i”’mﬂmmﬁaumsﬁaaaw:gﬂﬁaa DNANNANATW IR LT WUy
Mild slope S'Eaa%mﬂﬁmnmsﬁmimgﬂﬂszﬂau PMNFNMIBUBIAI LANITHIRUAAT y
fansanazdwIsm Q la liruadn y ate 9 a1 azduwiam Q lanatadn
L FWLAEIN B I I y-Q MNFUMTINAIWTIABAAT y BAE ¢ A7 AAIWITAN Q
Tanansazudodny i ldlisunsv y-Q 9 Q NINNFA (Qua) aldanuanmsinaingd

[ & o A o AV o o & \ v & A A

AAAVDINTINNIFDILFY fadaaunlaannniIuiauniIndgas wudladlu 2 ndh Ae

1. ﬁﬂﬁ;@ﬁ@aguumwmadﬂﬁw y-Q A IFNNFNANTWRIIY (ﬁauﬁagmﬂﬁﬂﬂﬁd)

1 t:lI (% Ig ] dl % ;ﬂl t:lI U & = a dﬁ 1 fR A
My uaz Q w‘lmzmumﬂgﬂmaa Wedn y Niatduanudndnd dswnnninenudaninga
anNanaTwrasidu Mild slope

2. 119000HUKTIEITBINTIN y-Q NlFINauNINGINY /1 y uaz Q ezl

I o ‘ﬂl tﬂl YV & =4 a A v 1 = a ) v : ]
Hudaay lasan y Alaiduanudndnd Sedasninenudninge anuaaturiasindu
Steep slope N7 M489 Adverse slope VL‘jJ;j Steep slope iiaM I Inainnafiade Gan y

AlefanNanInga uaz Q N1AAa Quu
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A28 ﬁnvlmaaaﬂmﬂmmmuLﬁﬁg&ﬂwamgﬂﬁmﬁUuﬁuﬁﬁﬂ%a 3.0 ¥ ANNAATUNBIN

0.001 n = 0.014 szauthlunziamuinilegadasznitInzEMULAZIIN 3.0 ¥ A TWIUI
AAIINT A
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NNIAIRINBLEWILALKN (Flow Profile Computation)
o v 0/ 2’ di ai =1 dl Z’ A ad
MIMWIERIZALYNLN NIz NUENMT MG y Nrzezmsla 9 lunmaiuda 35
° P~ ad ' AdAd v Ay A ' o = [y A [
M alnanedd uaasAtidaataidodsnuuazianunanzaulunmsuidyninenann
o @ dq‘ 1 =S nt:ld' | dq/ 1 1 v o 3
widafaznanfndinduiugu hedemudilaazdszendldldsunsudnsagy

1. 357us0ulasasd (Step Method)

o e Aada g: 1 vV K s A

AWTUATIUA o nlaeaTd uivlaitln 2 nyditay Aa

F5TuaaulasaT - SEHENNIFIUIIRNNANNANNNT MAA (Distance calculated
from depth)

- ANMNUANMT AR IUIAINNTZELNN (Depth calculated from

distance)

1.1 ATTUAAULALATI — TLHZNIIFIWITHIINAMNENNIT AR

3§ﬁmm:ﬁm%’umqﬁﬂmgﬂﬁﬁmmamf*ﬁmm:mwL%U@mumﬁ MIFUIUILF D9
o =1 Y o [ dl a ] dy
AAUAANVANNNT A y LAIFIWIATZELNY AX adgumIfiazatunsda Uit
INRNMT

W 8%1%31] Finite difference

ANWIRDLNNY m ANNLDIANARLTTRINIRAIRINAAN NI
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219 MIFRAYNANINYNTIS 20.0 Wa (6.1 4) n = 0.025 z = 2 UAz S, = 0.001 AN
M3 LAa 1000 au.WAWT (28.0 av.u.AwA) evhesiduwsihandase (Free overfall) 39

AW BRLEWIZA VI
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a a =1
Sousoalay 2.03.058 W5 Inm
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a a =1
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a a =1
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ad g; =S o
1.2 F3UUAULALATI — AMVANNT RAAIWITHINNTELZNN
miﬁﬁmmﬁm:é‘uﬁﬁ%ﬁﬁ]ﬂ%ﬂ’maaﬁma\ig}ﬂﬁ%aL?leuﬂiwwmmﬁﬂmmﬁ"lﬁ Ll
NIRAIDTRZAINLAZINLNTT NITAIWI ML ABATIITELLN AX  LEIEIUIBRIANNAN

mMIlna y wvangddsenaunmsmauniiiwa AT IAWIBL lUMeduiin

I I
jUnknown Known

A

Y4
Y2

AX

A
A\ 4

A 4

|
|
|
|
|
|
|
_— 1
|
|
|
:
1

mMIfwImn s makdsdasuaget ldmawmitesih @nwinae 2 Tunamsheaa 1)
AFINTIUANMVANMTIRANATINGA 2 LAIEIWI ANV ANMT IRANRINA A 1 %’ﬂgﬂaums
T

AR a3 U Dunsntuaad y uaz AX &3n130d nandnsaulssnsumsdiuwin
ldnadusinyinni SmIdwI o lUnaringsin a@aanIuaNNINNIT AN nINaa 1 waa
FUWIMAIANUANIT ANRENAG 2 LHa3aauNT 1Rl

el TGIN

AIThe

Sousoalay 2.03.058 W5 Inm 47



#1713 713en55N T MUNITIAINTINARDS YR1INLIA: meIuIaﬁqsm‘%

mmmem“?'iéhﬁ'tymaaﬁumi U uaz V fadn AX fiiudnuanuazenay fhnns
fwaldmamitonn AX Wudnau dimsdwialumaresia AX udiuan feudinen
w3 U wae V aznfloniu udd@ouugnaamationnugzainlunmasuim
f28819 maﬁwémﬁwmmgﬂ%o 20.0 o (6.1 ¥) n =0.025 z = 2 U8z S, = 0.001 Jaan
mslwa 1000 au.WAMT (28.0 au.u.Awd) voindwinandass (Free overfall) 29

ﬁ’]%’)m%%ﬁ%‘izﬁﬂﬁﬁi@] HADTUG B%I@ﬂ(ﬂﬁd - mn&lﬁﬂmﬂmﬁﬁmmﬁnmwzma

v
ad o

2. 15O aNNINIZ 11 (Standard Step Method)
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sangddanzuenedns 9 limilaunu midwnuduszausihlasimuatisszoznng

(87199 ¥INAWAID LUWINAUA 16) AaBATIIEINANINTM MIMFUMIAWITH LA Las AT
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1
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ANFUNNT
Wa  Z uar Z, = 32AURIANNTZAVDDINRINAA 1 WaT 2 ANE1AY

he = MIFYLFLAAIU (Eddy loss)

hy = migmuﬁmwé'omulwﬁaaﬁﬂm

K = 0.5 Wamahidanuidniarsaanriuiiviula

=0 - 0.2 Wamshiadas 9 wuriwIaruean

el IEF
A9

AMIUARNANTTNIA lﬁ%aaoﬁ@amgﬂ I@Uﬁmu@lﬁmaﬁwLi‘]mﬂumoﬁwmgﬂ

a,=a,=1uaz h, =0

a =} =1
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219 MIFRAYNANINYNTIS 20.0 Wa (6.1 4) n = 0.025 z = 2 UAz S, = 0.001 AN
M3 Aa 1000 au.WAWT (28.0 av.u.AwA) tvhesidusihandase (Free overfall) 39

AL EwIz AU lasA I uaauNIAIF I

Sousoalay 2.03.058 W5 Inm 50



#1713 713en55N T MUNITIAINTINARDS YR1INLIA: Umﬂiﬂaﬁqsuﬁ

a a =1
Sousoalay 2.03.058 W5 Inm

51



#1713 713en55N T MUNITIAINTINARDS YR1INLIA: Umﬂiﬂaﬁqsuﬁ

a a =1
Sousoalay 2.03.058 W5 Inm

52



#1713 713en55N T MUNITIAINTINARDS YR1INLIA: meIuIaﬁqsm‘%

n3IAns balwneiia (Measurement of flow in open channel)
luudshwionsassrrumdsmalng  sansomeanmiivale  lasldin3asiieda
by Y o A A < = by \ = &

n3zuath (Current meter) wiauAuiATaIlandInNNANVLINLAGN 9 T9anaaziuansiny

RIDLAIRINDIANNANFIETIUUAAMFIEEaY  launanmIraanm T maazidunisud

(2 ]
=]

A Y A Y = A . & A, ¢ = o ]
Wu“ﬂﬂaﬂ“llaﬂ"ﬂ’]ﬂufllﬂj@LLﬂTVﬂﬂ']']NLS')LQQUI%LL@@ZW%V]UQU "ﬂ’]ﬂuuﬂﬁlz'ﬁqa@]i’]ﬂ']ivl,%ﬂlul,l,(ﬂ

[ 1
A

a =1 & L 1 v L :’ dl v v

azuntay uaIInududanmsnariunindanainndasnsle
o v Y A = s Aaa o o o ad 2 aa Aa o
fwnsulumaihdaawadan  ARITMTIasanmswmalenansds  §93tnnfayls
AWOLNUNTRANLNAD NMINBETINRIBAAAINLIAUN (Weirs) 197030 (Measuring flumes)

LLa:ﬂi:@ﬁWLLuﬂ%aaa@ TaudaazidaavadtnIaslolaazoiaadh b

1. fe2an (Weirs)

1.1 Nﬂﬂé'uﬂugﬂémﬁw (Rectangular weir)
chUﬁuﬂwgﬂﬁmﬁmJ‘ﬁ"L%m5mﬂmivl,mmumm:ﬁEfwuaomﬁ@ﬁ’m’mﬁm
wiaunluuwae uazsumssaniuiianienislinasinindrssns Tasasdasdianuds
UsstnmaUs i mlduwsingu (Nappe) LLazLLu'amaﬁ?m'na:agﬂuumuﬁumo TaglifFsfia
219NT AR %amwgwawzé’uﬁﬁmﬁaé’umu h asdesiafiszozrinsansudislumedn
mﬁaﬁﬂﬂ'ﬁ;@ﬁﬁizﬁuﬁaﬁmgjiluumsm avanassnavasanuldsasiniluusnmlng

9 NUANEIAIN

A 4
e e

sumanaspulunmdsdanminadudheiaislmnaounliiinng
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s =é’uﬂiz?m%gé'mwmﬂm%ua;Jiﬁ'uﬁau"lmmivlmiﬂwhﬂ
L = ANULNIFWHE
h = mmgwaﬁzﬁm{ﬂmﬁaﬁumﬂ
V, = anuSlumaindemesumitede

A A ° o V2
lunsdin P >> h az¥ilw 2—03 0
g

v dl =) a a Qs
!
Wa L' @8 aueUsz8niNavaIguiNig
LAY n fa SwIuBALNaNIIIUa
untsl n =2)
l PNINANIT N FNYAN MIDUAINNG
AUTLARZANWYINAL 10% WDIANNF
_>| |<— [ 2’ A [ A ] [ v

29952 U haawHNy ®Iawinny 0.1h

1.2 mm%'uﬂugﬂmwmﬁw (Triangular weir)

a

mUé‘uﬂugﬂmwmﬁzmL‘flmhﬂ§%ﬂﬁ1°ﬁﬁ%ﬂ%%ﬂﬂﬁ"l%ﬂﬁﬁamﬁmi"lm"l,&imn
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1.3 f{aFUAU (Broad crested weir)
AAIINNMINANTAULTNUIUHNLTUAN  WIDANMULFLRIBNNANATNA
4 A o o 2 A ° v a £ ~ o & SR A
aasm'mwmzl,mﬂmaq@@maumﬂ Fadnarerin RNl an el fawndadly a9t 298
a o V) ' @ Y] v A o [ [ o
Wmawndymeinann  lesmsaedhsgunmanamaiuny  Seinazaiedis ldnia
ABWNIA stﬂ:ﬁmmmwug\i APTULWINIT AU BINTZLRUNNI LR Y FUA I T AN LA
o ' = ' [ { & ¥ A o .
MWTIE TINT RN sERRUN NI MNIMaihniianuaatas (Mild slope) Baznd

:/ dld >
PINNAMUIIATY (Steep slope)

’WW/W/EZWWW

: R
Mild slope R ez

K
i
W/Kfm/
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/////’{//;7///
///7’;27//’/
/W/
/7///////./
%

9AINMT MAHUHNIFUAWT (Q) BNNNTANN bFN

We ¢, = sudvdntveshosunmw Judnamzen %uag’ﬁ'ugﬂiwmm@i'a@; Ua
mwgwaﬁzﬁuﬁﬁmﬁaé’umﬂ LT chUéfuﬁmﬁﬁgﬂiwLLa:mwgwaqizﬁuﬁwmﬁaé’umy
@4 9

B = AUNINVBIRUANE

h = mwgwaw:é’uﬁwmﬁaé’umﬂ
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#oNINH  MWINANITNMNT IRAHIUENEFURAU  QINWTID®  22WLIN
A [ p=| a . A [ 2 A v o & o
vInasureinsinainga (Critical flow) TIFNTDIAANNANINGA y, b6 A9%H T192W1
9aIMT e U sFURW AaRnTaltaunIns ainga laasi

Y ' o A A A ' 2 A a o @

dae9 dhaduangUimasuiuiuanisdl C, = 1.84 uaziinnugs 1 m tiaanugives
L% ?,’ A [ (% [ a =3 v A ? A

seausiniaguwegld 0.5 m miaanTivg laglifanatasanuisiawniiatinazi

¢ = & di \ ad, a = o A
Lﬂailﬂfu@ﬂ'ﬁ’]uﬂaqﬂLﬂﬂau@]"lx‘]"ﬂqﬂﬂimﬂﬂqu'ﬁﬂg[@ﬂﬂ@'ﬁ']l]LTJ@']%LVi%@H”ILV]"IVLi
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o 1 ) a A A o , L A @ Y o
AL F\hUauﬂugﬂal,%ﬂUNN%N’]LL“G%%G&J@Q’]NQG 2 ft LRZANUNIN 4 ft AINANIIIN

mwgwaai:ﬁuﬁﬁmﬁaé’umﬂ"l,ﬁmﬁvlﬁ”l,sjgﬂﬁaawhﬁ'u 0.38 ft sLumm:ﬁmﬁgﬂémehﬁ'u

0.40 ft 299U FUFANNAAIALARAUYDIDATINT AR URN L FUANT
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A19819 (N) frﬂvlmamumUé'umlgﬂém‘é"wﬁuﬁﬂ (Cy = 3.30) NeNuLIEUANL 4 ft Fan
sasmslua 10 ofs 29w drszaurinmilosurheiia logialdgandndnass 0.02 ft axdl
WesiFudanuasaindanzasnisdimmsasmsluawinly

(V) LTWLALINLTD (N) LL@iL‘fluﬂ’livlmaﬁhmh&l§%ﬂ&l§ﬂﬁ’]&lL%§LI&I (Cq4 = 0.58) ﬁﬁ&gu
fure 60°
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o 1 o ' A - ' Pt A A 2 o o

M3 LI FJ’]EJ&%%%’]LL%&%%G Mgﬂiﬁdtﬂ%ﬂiﬂm 42 YIN7N8 DINANUNANY 10.5 m IW
Qs Q ( 1 Q Q Q g/ d s 1 g; 1

ﬂ’JW&Jﬁ@JW%'ﬁi&‘VY}"Ix‘]a@l‘i"lﬂ’]‘ﬂ‘ﬁﬂ (Q) ﬂ‘.]Jﬂ’J"INE;JN“]J?NiZ@‘I?UW]L‘Vi%aﬁu&l’m (h) IHT'N@](]LL@]

0.15 m 09 0.90 m
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@ 1 ¥ A A A A o o o A A Aa o a £
dragt19 Mahiagdamfouiudinda 10 ft aedsiudeinlaudssanianuerszses
WM 0.017 WAZHAMUAIATIBIHN 0.020 AINIWINIANI ﬁu%nmﬁmﬁwﬁchaé’uuuga 5 ft 1
Q/ a Afn/ U 1 v e 1 a g/
FRNUTENTOAIINITIAR 3.8 TINITIARHIWEILEATINITIAE 400 cfs 29r1TNaztAaIin
A 1 £ a ? a t:ll 3’ A
nlaanialy dufasintzlaaazifian uwsasnmainiia

- e
Horizontal Datum R,
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2. 91011 (Measuring flume)
lihaznauusiusesdzuineiy  zlaznawudmuannuauLazazaNag
) A o ¥ & v a A ) a £ o ¥ A o o o
mIswritersadai Wunalitionsddsunlasgudsedndrheiaiin wenanit G9vinl#
o o & a a o A 9 =
milfnuvasheiaidnisgaFawasuuin (Large head loss) Tamauridymlundl
. . . Yy “ _ . ¥ v .
aina1 sansavildlasldnainamgl (Ventur flume) unudhodai lassshuuowisusa
= v 1 I g/ A IA U
(Parshall flume) a3nwinaand iusshugsuuunisnisaldiuunluaasssadszmu
ansaeMIMarIuINahuuunsureit  lasdndanidumslnauuyudase
a { o 3’ { v e &
(Free-flow) lasfianuaninganaude wazlsihnszlaannindanisean T9nanaa (Throat)
22ITINUULNISLTR zRvwauUTIUREUAILAANNNTIS W = 3 in audls W = 50 ft atnals
Ao Jluubuazszezd 9 Auaaslunwdsdeiidunsdiniinanaand 1 ft 69 8 ft (0.30
m < W < 2.4 m) laslunsdinaanaaning 8 ft mwsaldiadansinaldgeis 140 ofs a2
o \ & & | o o
faunsdannsiwariusshuuuwisuss Juediuananitvesnanaa (W) uazaudn

[

v a ¥ g
NNAWAKEUN (h,) A9t

fIRTURUILDING I
(W, h, = ft Laz Q = cfs)

fRTURUIY SI
(W, h, = m uaz Q = cms)

a

fwsulunsdinehwuunisuranil 8 ft 19 50 ft 2.4 m < W < 15.20 m)

fINTURUILAING 1
(W, h, = ft 48z Q = cfs)

fRIUNUE SI
(W, hy = m 1az Q = cms)

fanuanMIIeInsnINnanrINinTElae  wazAam I MalLLUANA A9
=S v K o Qs 1 ddq‘ o VX%
AMNAN h, LATIEWIEATINT A LN lunTdtiasyinlwaannsinasead
TumsfaasnIana g e T ILUUNITLTS msﬁ)za%islul,l,mﬁﬁmaﬁwma LRTNRNIN
M3 agstaNe (Uniform flow) la@ininnlunuaalsenmusinasasndalionaunIasisaen
wazaaunsatssuan udtunsnesssluiesdji@nsmaensasna 9 U Adnazyiein

WAFANNINIZAZ ILAUNDANITNAT IRaNS 3 U
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Plan View
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3. dszgihuuyinanea
Urzgihuuylnanaaiiudszginaiugu (Control gates) m3lualunisiniia

A A Ao < o @ '
LUTAUN sﬁﬁuﬂﬂﬁﬂ'mzqnqvlﬂ@\ﬁﬂqwquﬂqﬂ

oG O

(n) ﬂi:gﬁ,ﬂuumad ) ﬂizgﬁﬂmﬂﬁa (7)) Uazgignaes

“ Y v ¥ X e e Y
fm'Laaﬂaﬂazlmﬂs:@quLuuvlﬂaaa@LLuulmuu fﬂ:muagnuaﬂwmzmiﬂiwqﬂ@“lmm
@T\‘Jmuﬂizgﬁﬂuumad (Vertical gate) ﬁ]:mﬂuumadﬁﬁ@aaja%%amam’mgﬂml,madLf‘ilu
Q ‘é { { t:g‘ = g: U Q Q
3IUIBITY mﬂ‘szga:mﬁaummﬁgﬂﬂm (Roller wheel) 893U19 2 @1 LASANWUSAITIU
a A A A A a A a a o ¥ A . °
w39l 2 nadk @a nadk 1 Wedzqleasadin azliussawinadia (Hydrostatic force) nyevinln
g; %] = d' dll a J 3’ o v a
WwIAIaNNLLBIEe uaznIdli 2 Wallalseglin nimamﬁlﬂmaa@muﬂszg A lwiaa
s g’ o 1 | . ‘é a {
I&Jmummaammzmmamuﬂizg} vJuussnaaaas (Dynamic force) T9luvsiamnlanna
s :’ c.l' | :, ~ =3 a n‘;‘ o v 1 A A (%
AWIIG NNSILLT UL NRINIINNTAAGNNRY ml%mnmmsﬂmﬂ@ﬂizg% Uyznay
o @ a a & v % & ° A a v @
ﬂumﬂmlﬁdﬂ@Lﬂ@ﬂi:g}mﬁlmaﬂmmLﬂummummwmawuumLam‘mu mv\uﬂﬂi:@
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1NUlA9 (Radial gate or tainter gate) @3NW (2) ﬂ‘s:ﬂauﬁammuﬂi:giﬁaﬁﬁﬁ']El'mao%'mﬂu
wuuguwwTailludnenyn  Ansazguiazilduusawinfnaziaminioudulizg
v Aa U o A 6 dl' Qs : L 3; n; A
Iﬂd&lﬂﬂﬂ’]dL‘ll’]W]ﬁ!@M&ql% PR LLAA LU AL NLIIONET  AInwUIIN T lwmTille
Uszqi %aﬁl,'ﬁmLLidﬁﬁ]zéTmWLﬁamuziuqu@TLﬁmmnﬁmﬁfﬂmaamuﬂ‘szg LIILFUANIUDN

[
v v 0 v '

q@mqluuazl,mL%U@mm:wjﬁaﬂi:gﬁuNﬁomumwm 2 ULV z%m%’uﬂizg}mgﬂﬂaaa

v [

(Drum gate) Wiaiszgihgunsinszuan Adlfathe udldunin
Qmé’numxmammam’ (Hydraulic characteristics) maan’ﬁvl,maa@ﬂszgﬁ’mm’ﬁn
1 I3 a A
wivaandu 2 NI Ao
a A : 1 a 1aa a
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WUV, Baz V, 32 e

1348991NTNNITABAAIVINTELEUN Y1

{ Qo a Q€ Qs g‘ Qo g; { 1
e C, Ao fuL3zENDINMINEAAI1T0INTZURIN A9t Launuen y, =C Y, Iwaum3

AN Ltﬁﬁﬂgﬂaumﬂmj 2l

=h.

lag

{ L= a Qfﬂl
\la C, fla aNUszENToaINMTIna (Discharge coefficient)

2. m3mauuuIn (Submerged flow) da m13lwasaauulszgiuEI AL
& q v & o @ ] o , A a X {
'Yn\?aaﬂ"ﬂqﬂﬂiz(ﬂuqﬁ]uagl(ﬂu’]“ﬂ\jﬁﬂﬂ NFAMN AR NI N ﬂﬂjﬂ'mzLﬁuﬁLﬂ@TuLﬁaﬂ"ﬂqﬂﬂquNﬁﬂ

e (Downstream depth, y;) RA1RINNINANNANANY (Conjugate depth) U89 v,

o
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FMWNTUNTILATERNT e a3z th (Approximate analysis) R131309W1 bALasnNg
Aa L g: A J [ e v g’
aun@din magmiensinunmuaifieiulutiinisueensive lddsheivesuiulseg
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A9819 ﬂaawaﬂi:muuﬁmﬁaLﬂuﬂaaﬁg%mu@? (n=0.028) ﬁﬁ%ﬁﬂé’mﬂugﬂém‘é"ﬂwﬁw
1719 4 m uazauaariadnasy 0.002 ﬁuﬁﬂmnum{wL?Tﬁﬂaaﬂ@ﬂl"ﬁﬂitz@ﬁﬁmummmu
"Lvsaaa@ﬁﬁmmﬂ’?’mﬂizgﬁﬁwhﬁ'um’mn’?ﬁwamﬁﬂé‘@ﬂaadwaa WrNzaeda
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aaludl (c, = 0.61, C, = 0.60)
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cms
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C. waomuﬂgrymﬂ"l,ﬂmmmﬂmﬂ Hydraulic jump

( auy@dlidnsgadslunslnansandiulszg )

11. For a trapezoidal channel with base width b = 6.0 m and side slope z = 2, calculate the

critical depth of flow if Q = 17 m/s.

12. A circular channel 3.0 ft in diameter conveys a flow of 25 ft3/s; estimate the critical

depth of flow using graph.

13. A trapezoidal channel has a bottom width of 6.1 m and side slopes of 2 horizontal to 1
vertical. When the depth of water is 1.07 m, the flow is 10.47 m3/s. (a) What is the specific

energy? (b) Is the flow subcritical or supercritical?

14. A rectangular channel, 3 m wide, carries 11.3 m3/s. (a) Tabulate depth of flow against
specific energy for depths from 0.3 m to 2.4 m and plot graph. (b) Determine the minimum

specific energy.

15. A rectangular channel, 6.1 m wide, carries 11.32 m3/s and discharges onto a 6.1 m
wide apron with no slope with a mean velocity of 6.1 m/s. What is the height of the

hydraulic jump? What energy is absorbed (lost) in the jump?

16. An average vitrified sewer pipe is laid on a slope of 0.00020 and is to carry 2.36 m3/s

when the pipe flows 0.90 full. What size pipe should be used?

17. A trapezoidal channel has a bottom width of 6.096 m, side slopes of 1 to 1, and flows at
a depth of 914 mm. For n = 0.015, and a discharge of 10.19 m3/s, calculate (a) the normal
slope, (b) the critical slope and critical depth for 10.19 m3/s, and (c) the critical slope at the

normal depth of 914 mm.
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18. A channel with a trapezoidal cross section is to carry 25.47 m3/s. If slope S =
1
0.000144, n = 0.015, base width b = 6.1 m and the side slopes are 1 vertical to 15

horizontal, determine the normal depth of flow.

19. Determine the most efficient section of a trapezoidal channel, n = 0.025, to carry 12.74
m3/s. To prevent scouring, the maximum velocity is to be 920 mm/s and the side slopes of

the trapezoidal channel are 1 vertical to 2 horizontal.

20. A trapezoidal channel has a bottom width of 6.1 m and side slopes of 2 horizontal to 1
vertical. When the depth of water is 1.07 m, the flow is 10.47 m3/s. (a) What is the specific

energy? (b) Is the flow subcritical or supercritical?

21. The discharge through a rectangular channel (n=0.012) 4.57 m wide is 11.32 m3/s when

the slope is 1 min 100 m. Is the flow subcritical or supercritical?

22. A rectangular flume (n = 0.013) is 1.83 m wide and carries 1.87 m3/s of water. At a
certain section F the depth is 975 mm. If the slope of the channel bed is constant at

0.0004, determine the distance from F where the depth is 823 mm. (Use one reach.)

23. A rectangular channel, 12.2 m wide, carries 25.47 m3/s of water. The slope of the
channel is 0.00283. At section 1 the depth is 1.37 m and at section 2, 92 m downstream,

the depth is 1.52 m. What is the average value of roughness factor n?

24. A rectangular channel, 6.1 m wide, has a slope of 1 m per 1000 m. The depth at
section 1 is 2.59 m and at section 2, 610 m downstream, the depth is 3.13 m. If n = 0.011,

determine the probable flow in m3/s.
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25. A reservoir feeds a rectangular channel, 4572 mm wide, n = 0.015. At entrance, the

depth of water in the reservoir is 1896 mm above the channel bottom. The flume is 244 m

long and drops 0.22 m in this length. The depth behind a weir at the discharge end of the

channel is 1256 mm. Determine, using one reach, the capacity of the channel assuming
0.25V/

the loss at entrance to be .

29

1256 mm

é’/}-"//////f////////f//////f/////lﬁ
1€

244 m

26. A 10-ft wide rectangular channel is very smooth except for a small reach that is
roughened with angle irons attached to the bottom of the channel (see figure below). Water
flows in the channel at a rate of 200 cfs and at a depth of 1.00 ft. Assume frictionless flow
except over the roughened part where the total drag of all the roughness (all the angel
irons) is assumed to be 2000 Ib. Determine the depth at the end of the roughness

elements for the assumed conditions.

Y i y Y

4

v JJJJ J J 1] J 11 v

e S S

— 1.00 ft ?

27. Water flows with a velocity of 3 m/s and at a depth of 3 m in a rectangular channel.
What is the change in depth and in water surface elevation produced by a gradual upward
change in bottom elevation (upstep) of 30 cm? What would be the depth and elevation
changes if there were a gradual downstep of 30 cm? What is the maximum size of upstep

that could exist before upstream depth changes would result? Neglect head losses.
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28. Water flows with a velocity of 2 m/s and at a depth of 3 m in a rectangular channel.
What is the change in depth and in water surface elevation produced by a gradual upward
change in bottom elevation (upstep) of 60 cm? What would be the depth and elevation
changes if there were a gradual downstep of 15 cm? What is the maximum size of upstep

that could exist before upstream changes would result? Neglect head losses.

29. Water flows with a velocity of 3 m/s in rectangular channel 3 m wide at a depth of 3 m.
What is the change in depth and in water surface elevation produced when a gradual
contraction in the channel to a width of 2.6 m takes place? Determine the greatest
contraction allowable without altering the specified upstream conditions. Neglect head

losses.

30. Design a cylinder quadrant inlet transition to joint a trapezoidal concrete-lined channel
and a concrete flume of rectangular cross section. Assume the channel is on a slope of
0.0005, has side slopes 1 vertical to 2 horizontal, and the depth of flow therein is 5 ft. The
bottom width of the channel is 10 ft. The depth in the flume is to be equal to the width of

flume. Assume that the Froude number in the flume is to be equal to or less than 0.60.

31. The spillway shown has a discharge of 1.2 m3/s per meter of width occurring over it.
What depth y, will exist downstream of the hydraulic jump? Assume negligible energy loss

over the spillway.

Y2

A
R

32. A hydraulic jump occurs in a rectangular channel that is 12 ft wide. If the depth
upstream of the jump is 1 ft and the depth downstream of it is 8 ft, what rate of energy loss,

in horsepower, is produced by the jump?
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33. Water is flowing as shown under the sluice gate in a horizontal rectangular channel that
is 6 ft wide. The depths y, and y; are 65 ft and 1 ft, respectively. What will be the

horsepower lost in the hydraulic jump?

AV

Yo \Z

V

—

Y1
v
ZZZZWW/WWJZZZZWW/W

34. In prob. 33, if y, is changed so that y, and V, are 1 ft and 16 ft/s, respectively, what will
be the depth and velocity downstream of the jump? Also, what will be the head loss

produced by the jump?

35. Water flows uniformly at a depth y, = 40 cm in the concrete channel, which is 10 m

wide. Estimate the height of the hydraulic jump that will form when a sill is installed to force

it to form.
____________________ \/
?
VAR
Y1 E—
Wf

Slope = 0.040

36. The normal depth in the channel downstream of the sluice gate shown is 1 m. What

type of water surface profile occurs downstream of the sluice gate?

\V/

Water; T = 20°C

Surface profile type = ?

—» V=10 m/s
e e e e
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37. The partial water surface profile show is for a rectangular channel that is 3 m wide and
has water flowing in it at a rate of 5 m3/s. Sketch in the missing part of water surface

profile and identify the type(s).

Normal depth = 30 cm

—

= ;
ez, . N iem
% Horizontal z] 1.6m
R

s

38. A horizontal rectangular concrete channel terminates in a free outfall. The channel is 4
m wide and carries a discharge of water 12 m3/s. What is the water depth 300 m upstream

from the outfall?

39. Given the hydraulic jump shown for the long horizontal rectangular channel, what kind
of water surface profile (classification) is upstream of the jump? What kind of water surface
profile is downstream of the jump? If baffle blocks are put on the bottom of the channel in
the vicinity of A to increase the bottom resistance, what changes are apt to occur given the

same gate opening? Explain or sketch the change.

/

)

SR

40. A very long 10 ft wide concrete rectangular channel with a slope of 0.0002 ends with a
free overfall. The discharge in the channel is 120 cfs. One mile upstream the flow is

uniform. What kind (classification) of water surface profile occurs upstream of the brink?
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41. The discharge per foot of width in this rectangular channel is 20 cfs. The normal
depths for parts 1 and 3 are 0.5 ft and 1.00 ft, respectively. The slope for part 2 is 0.001
(sloping upward in the direction of flow). Sketch all possible water surface profiles for flow

in this channel, and label each part with its classification.

—

q = 20 cfs/ft (flowing at normal depth)

e
T
WWWW/ 2

///////
T
/
%

42. A dam 50 m high backs up water in a river valley as shown. During flood flow, the
discharge per meter of width, q, is equal to 10 m3/s. Making the simplifying assumptions
that R = y and f = 0.030, determine the water surface profile upstream from the dam to a
depth of 6 m. In your numerical calculations, let the first increment of depth change by y;
use increments of depth change of 10 m until a depth of 10 m is reached; and then use 2-

m increments until the desired limit is reached.

50 m

v v
e e s
S, = 0.004, f = 0.030

43. Water flows at a steady rate of 12 cfs per foot of width (q = 12 ftzls) in the wide
rectangular concrete channel shown. Determine the water surface profile from section 1 to

section 2.

1
‘K Rectangular weir

T q=12cfs \2 i

s Slope = 0.04
R 3 ft
W’W,;WW

R
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44. A flood caused water to flow over a highway as shown below. The water surface
elevation upstream of the highway (at A) was measured to be 101.00 ft. The elevation at
the top of the crown of the pavement of the highway is 100.10 ft. Estimate the discharge
over a stretch of highway with this elevation, which is 100 ft long. What was the depth of

flow at the crown of the highway?

45. The steep rectangular concrete channel shown is 4 m wide and 500 m long. It conveys
water from a reservoir and delivers it to a free outfall. The channel entrance is rounded
and smooth (negligible head loss at the entrance). If the water surface elevation in the
reservoir is 2 m above the channel bottom at its entrance, what will the discharge in the

channel be?

\

e e

Reservoir

//WWWW

SRR

2
W S e S s

500 m

v

y

46. The concrete rectangular shown is 3.5 m wide and has a bottom slope of 0.001. The
channel entrance is rounded and smooth (negligible head loss at the entrance), and the
reservoir water surface is 2.5 m above the bed of the channel at the entrance.

(a) If the channel is 3000 m long, estimate the discharge in it.

(b) If the channel is only 100 m long, tell how you would solve for the discharge in it.

(7

J
J

Z

2

?WW/
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