LECTVEE # 30

L OELD  FrMGINEERING /IECHANICS T

II_Z/ /7._/> éﬂ 2er7 5 §é: ar-So—SF

I{;f’ﬁ’&ﬂﬁéé f vaerED flow
| - T — X7
| ¥ T
R =car st/ (%)
=
ah . S S
ax ’ = &
S - s.w/ca = boHnrr slope
] ﬁ ?/?3 = %J"ﬁ/f # 3}4{_&/‘65?"
' a”
S, = ~gx = Stpe of £6L
5;: T pg e T g9 AvPp  RTIPM
i Norma/ Flao : 50 = ‘Sf groes Ah - NMoywneral ﬂﬂp%
|
|
i

1

5 I( /Myer 4 2' Srra ller S ler
it7ce Shacdi /eﬁ-j Golres fige f /' oner Mc'ﬂ?éw RS Z; E30)

f



|
i

i
H
i
i
"
i
i

[
1

!
|

. @ VT

éffr'é‘Ca/ Flad -~ #r = g 73 = 3 Fm =/ gves Vs =/é_-=’

, | . (rtica/ Do #.
LIS b2 b Hen B $L o [ HBTZO

. /M‘fer_ /MJJ’- ’?3 .S'md//?ﬁ" 2
Snrce {Sma//ﬂ‘"} 4 g;bes{sma/‘@’j é: aund fence /M‘y‘erjﬁ

7%.5/ we carn po cctich  woll coplass Ay

,.f%f nalwse of e deplts vawialdorr i
| Hre Arecliors of Sloeo

it é ! /nereases f : f adb >
| : ’ h X - -
i decreases? x4 ax < 2

iz S hry Cezesraleriie e Sigrzs of Ve
by ety e st :
|| peumenalor (S-Sp) awct deromeivator, (1-F)
L/ e gradbcally vaved [Slno Eptaliors | cun
(hese  Tigns aepercl | 1w Ferer | or e Soca !

1

I 77 DoES NOT GEI ANY BETTER THAN 7H/S.

depth 1 pelalive ko pormal dep?ls, 4,

lland oceihical deptly As. , i e grvess clian-

/46/ /M:S’maéf/v/gr 7 e %12/;’77 d/'.S‘C‘AMfc’/ 19, )

__._ﬂ// l7”7”47’// /s peedleo s %; Felalrve ma;ﬁ,‘éea’e

of /2,7 arct %C, awel Feer s H/c?/”c/ lo Hre
| slepe of Flee c/»za/—ﬂ?e/‘ ..

Seber'trcal <

3 Zf rormal flov /s { Fhen - o L and

See p€r-Cr2« Lical ”2 7
M/7L D

|' ‘e Slope,S s /—e’fm‘fa’/é as {s'nsé‘P




\GRROCHLL Yy vaerED Flow PROE/CES

i)

i
¥
§
!

@ +L>h, >t

@ h>h> 4

® #H,>A. >~

Q/_‘b Sa - S'c '/"

R
W A7 /9#—06/1%‘15 pewst bave a oleptls Heal

k[ /vreneases jw  SHe clreclior of S loeo = or
i C‘yﬂf/mse(@ - Q 0’6/0% Hea? e creases i

; r%f afvs%'fam c:z‘:{}ecé(c'm_

i

L/'Wz//—r‘//zj bl

b
P - oo = %andﬁ-z-)O?g(—bs;“Sz'f?ﬁ

i Free swzpé?ce
| becorn S [frar Do
as P —»"oco".

Since h=e gaves
VvV >0 Comclitrars
a,ola/?aac‘h hym -
JBA'CS ;e A

g borizas tal ﬁﬂ' S'M/@CC.




h =4, = 535, i}-z-fﬁ;l</=>§h~>c9
ﬂp/gfé @ pp10a (hES pernral Aeptlts = whicts
jzs ann  obtrows pesalf - bef oo cdoes 7
a/)/o/?@'&ch "ha}-ma/:y e

|'J 70 amswe) vfdus we Corsider Q sonaple Clunne/
’o/ Hre f/‘f’/fy owa?'e i—f’cknfa/mq vaziety,, Fo-

f] /’ZL«S Ce?Se w-: /?ﬂ«ut‘-
1

f ab 5 5
l]! Ax (/—S— ):/-A?F _> /

i Chez
T/«J eu 515 /s eteressed éﬁ e i%rfﬂ%%%m#/é

%_j;/\/azo, SHrce we e /m:érxfz for Vire belavror
'5,'5 A --P/é” ﬁm,,.? aéa@e/ _wc /éwée

I . ——it
3 i PR

% _ o /7 = /7h > C'S;(X) MZ é("/ << ’4;7

:i For Heer Foe e?aa,&‘m«? 1210, be wasHers _-_’

i ‘.
!'Lf' O_iéa ) So S, _/ EN
- e g (-0F5)
T ﬁé 2 55

i__i_orn&?’ ?he é?ka—maf" of 5,,.] _/;-P. HLrr Gty trezer 1

}, ‘w/uch 4, is oa pproacked s geven by

b S, & - S o8,

51 d x ™ 4 /-ﬁ;,z' 7 T ax OC”CS; = i

7He poliliors o Heis eﬁaaé‘m /S ap Chpor



- b 0

i/ppr}é'&l/ Vever éa’r?

_,52 5065(

X

e ity T

where 5; = vatue of & af “x=0 7teccs,
_;5"? O , /e H = 4, 5, @5 X'=% =e0, Se, werral
10/&09‘% /s approca chre o "afs*jnﬂ/;éﬁcq//y " Lge”s
%C/osc’ P beef mever” ge/ ﬂre;—e] as we go /ﬂ/)

‘é(/)sﬁf?am (X }Dab:'/rc/e (7 densr S EPrear d/)'-E’C‘ém)

l
i

[
-

i

i ~r/

1| _:I_ * “E\ . "\_‘-. \-‘
- . ~4
..'!,_ . \‘ N :
] '''' T -
! - - €
!
[

- The /‘7/-/9/-@%763 /s o fler e Lerrecd 5
Las o "baféwafe% pw/r'/e " o “backealer corve
|\ srce /f S ewmcowss Fered  cwtrers a /4,,_,‘) sl

L SQMC’AQW Aee Chr Qs e Q”Q’w//m jafc o Q
A %4'54',5 < 2 ) lor cwoler rale e
]/’}7(/67/{7 ﬁ/o,&zwj Oéanﬁé/. /\/oé’cci /'/ ’s a
;a/aw;vsﬁé’am cerFrol o ¢orctelecss ,Z,Q//M/goggg
%a ﬁeﬂa‘ﬁf&weﬂ/ c::/ | C/e/é% A>/7n Yol d V%‘.o

‘(‘m/%o/ ;'S /ofiopaya;zg’a’ a/?c:?’d/e//‘l C{WSﬁﬂQM o Coi leo

4

PORTEEE | PPy S SEPTIPOUI |0V WY PV PPN - PP W S SN SR T SENPUPTIIINETS S
t T




"

3
1
il
|
!
i
il
t

w,-

il

‘. '772/5. ;‘s{ cp/ Cozr/?&e ﬂf/(-?/cc’é” Zé) ;/ér (/06/ /éa/

?ﬁ? //0’24.) .c?/mj e ermlore Lackwaler W/e
| has Yz, >% ,/7 ey 4 vi’/’fwealm—e & subortica/
¥ /&a«) w/rrch 'S (’m/éo//ﬁ‘a’ éj dawﬁréﬁm

ot Liorrs

otx

172 = Profile — /o, > hH >4
N

S,,-S? -
-2 T L SO

w 172 - /Qf?aﬁ/ﬁ? eee St Lave o ofeptt el

| | Aecreases
{

Jb7 TP o rorysearr /hmea.ms 7

| oo cpstreans ) aeclicrs For e 7€aderz,
| 72~ prrofeles ane oflec referred B as
T olracw - Aoz /m"’o/‘ Vos o e ~drors Qs

&

t
Z/}r?r‘/-(;‘/q = éeé‘d 7?0

h = 5,

e 5!9

Py

peliaves rv Her possre zrairizer as

ab/c_z(n.eafaé/f e Mf"‘/ﬂ/Zo‘,/f/e s¢7 %M///M//
/. €. b a,ﬁp//oocfﬁzes A” QSS\?MPZLOZ}CQ/? @25

aﬂ«fré'f‘%? /ﬁ) 4. a//m S nebeadld s

C‘a/ avr /4&5‘ @’m;f?.szbt“am C_Wéb/)

S, - 5;, <o , Ar > /*/—ﬁ-—z-»oapig'-.-oo

| 50/ cr bocal G//m ’S appracched veiry

Nz /ac// oAb/ Ax = -0 g5 /7"-’/4(



i_..__m?’rg gracea ! by vanced Foco prejfles was
\denved cnder Phe assuwmplins of well belovect

it

Sl s

Sajgfsf ;%6?/ e _ﬁee M/d'ce /S pL7pes =
Aece lowr fo Hbr Lolors /ar V4 “ﬁ Eoverz
'/ Fhre b oHorr 0/0/9(’ Ky ?%4‘:?// Hees precenrs Jheal

;‘!fﬁt" /f’f’ M/C? € /s /’a,,,,,;,?? /m—waf?a’-—

ary absard posee /F

,47‘/0_?_‘/ we neccall Aeal? He e?ua_ﬁm gover =

wleere.,  Theis rap lres Heal fre pressioze

S

|
-
f
e
|

[stcsatons vs tryanosfatic. cmet Mot obscoms:

,ﬁhes me_ﬂﬁ&;&/f}‘ awa pa/za//,/ //’/’C’M%) /Vea/z_'
ouéc cal &/Zm) nectbher of Hrece g sSwsplions lea k.
L .e, asswmplﬁmr aze z/)b/a/f"a’ Crerc .odéalrm 75

mt/c:z&a/ (oo erioreS ovre FHoe Cores€STeLLr s

o/ V%W (/70/5?21(724 :

| To awscen vittd ?—aésém ewe Qs /Jf%r/ée

‘6/7 gee? ana%&s éy ASSterringg Q@ wrdle reC fart <

?«/dé/) c/razhrz&/ e (é/c'zy,; fm—ér..u.f/a V/o—»—%m)

Zesistavce amd ekarmore Hre belravrer o /f
H os ﬁa s aﬁmoacééd féj p/c-’-?ér?/zf

" o= b+ O.x) - wnth O &,



N Hoese Szw/a&‘c/,'aad‘m; we [rocoe
ah _dE_S-5 _ 5(-%) s(-¢))

== —

A x ax Py Qb*

| £ g h° /- (’% )
VaZ. ,%e' meafav- ﬁ= »é_ ‘wluwreas A '-/)c d; /y
EH Hre clecronriiia bor 7&4{5/ we o0b/i

AS S (b H) YOS,
s AN GG DV
TosH . L palethl) g

| 7horetove

S ~(-ox )" =S S

valid G[mf' cma&%‘ms u/:.r%—f'am off m/'/;'c*cz/
//m) CW&L("&‘M’?S‘/ /.e. Oﬁf/r X <é.

53 dc//{ﬂfwﬁbé‘m éﬁ X we oblais e
e M/are /J/a/bﬁ poelalive o vEre Lo Hezss

o,
=g Gl = R

arc f-'f?u_/hrzy Hiteo Lo be /Jma// 3a7
\/_ we aéf&/lff

z/ofc/sa < S




| xS E ) - F T 4

; /#ﬁce/ Mfﬂ?%ﬂ" a vezy re'/ s/gpe | Correspnz-
0{/:7:7 Jo 527,;& =O(/0-2/, we ah@ brceere 25(70
la Acslarce of = [6b. wpshkeam of e locas
'{+ Koo a/ OZ(Z;'C’Q/ C//M /D rrecocher oeus C?.S‘SaMfc‘
Lorr of 2 by wel/ belravea S o2 calid. i
Hre ComFexl of gractuz/l, cawned Jlew peo-
/1/1."5 Haco odeslavce of “/{’éa £S5 "}?a-%/'rzﬁ !
awd we preed 1o/ be CozscePtrecd by o7
fi;wb/aé“m el art? QSSumpL‘m:, /%we,m
we  Slece/A neves g/mfg,c/ ol oevr Sdletleoes
]/5 nz o€ C_WC‘E‘,&Z:(&/ sy eal/ as cwe 98/"

afose B /A

M3~ Profle — b, >t > 4

0_/'5 S“-S};

| ax /[ — S - T > Jd

For~  qr impeseo, dap bty Ar < h, < 4,
7 e o/e,av’% prrceslt fbrcrease s HFre Oldesls o
| o/ /Zmd .

—

Z/nfz;%'nj belraviov :

1
1
141

H b
5"’/%(: = 5{, = * 00 gamwoe o A
otz A A€ éékax/?"ov— Ky é?ﬁa/@gaas ZS %e

LT




t ' 2 a/é 5

} /P-"’O"”’S’p""‘-’*’o &ﬁ“"mﬁdz“’gﬁz

B

f |

: f?ﬁa r'W} @ wrde Of’céﬂ;—o{/Q/? Clra erirel @A
\ (’he@’s s s bexer ce 57 ves

b (@e)67C" g £

— = —

ox T (@/6) K9 T c* T &

/. e. fvr’luyzy Srraldl values of Hre s 1 posed
i de,ovzzf [Oc &Y‘fpr‘zf of 220 s 067025ty teopr -
|| secnse  rrrce c/ﬁulf B e LA Gove Iphrife
ue/oar'@ -’/ Fre depils 1 creasesS ”"‘*’4/
a,lﬂf;em{y iy el dmonstiears olireolior ala
/Pa& gwneo/ éﬁ v%é' Cha arne/s /k‘ezf‘awa/
CézM@CZMc‘SﬁZ'CS (e.-y. Ve bo Hcrss #ﬂajhh(&r)

BT ey

iy

i =

. o TP Lt

e e

e o e
ESRSESUPER g S, —
T

i 75D R ’

| 7-/66’ 3 /éﬁofr/f’ oHoes /?d,_%/ % :1,{,4‘./ /&ﬂﬂz-u/PC{?e/
| raave a wmrore a’escxz.zplz'ue ‘Vravie | Lfeke 177 =

", backwales y M2 = Ofrae) —ctoruerr, L7 /s y—-mt/?a/é

I .encaun/-_(//-ed whee? a /éﬂ»d" -&MZMS = C‘Aaﬁmz'/

!:ilga(/é‘m pasSNtg  cerXes M'U”M/(M 5‘”'2%

i
I




szééep Séo/)e : /,ﬂ’",; >7 w» /7(: >,én

O h> bt >0,

Sf = pf?@é/é’ - Backwadlr Curve - /7>éc>ﬁ,,
olh S.— S, ~+
Ax /Hﬁ_ﬁ - T 2o

D-ep% 101 C7 E2 S S Sl Fowr .rﬁf’am é”f’@f’ﬂ.ﬂ’a

| 742 u,dshfaM)Q’()—PO&‘m. Loz covenleredd eslrors

a U//M obFree ok ors /a’am o a&?afﬁp/fm 95?22/
back wp Fre waler ple a steep otiaomel Ab-
bHce Heal evesm ,@’,m‘f@ Cleasire! s J“,é'-ep, V7
//ﬁzu /s wf’ﬂyw/rwe Swborcdical/ C?/rfuf e S/
p@j//e TZal s w[ry e S/“/-’/Loo/r/é’ fras a
oHononshea cobosl. 77e /ﬁrjm-r'r%prj belrcees o
IS Simdlar o s/ slspe ,Moc/(/es; Je Fdeom
dé/ﬂ/‘( * i ¥ /6(-6 S‘Myé?f'-e a/a/ﬁaa%rﬂr frorr's
anf—"a//_; /é e /é‘_ w b Ax - * o0 e J/ﬂfc’//bé/e
HAeted ! as h - 4, .

SZ“_/Jf*vﬂLr‘/f = aw ~ oz Covive - /)c >—£>/7,,

ab S, = 8 -
sl & z‘;: = <0
axX / - Fr —




'l

L]
it
19
v

"
i
(]
|

4
|
Ll

e — e 2

R e e R e

i
by

| S3-pippile - “noname - K 2FH >~

- The SZ ‘/z/z,ofr‘/e bas o Q’Pp% e
ia’-emea&as' Jer PrE Q’/Lf’c/ll'm 0/7/4,.“)_ Z”~
iyﬁ&wé aa// G/Vr A -»,Z,‘__ , ey oAb S = =0

{0{?:0{ ?V?(A’J(OL(/V //"’/4,7 3 éj C?/&,Mcmcé/ﬁ?j ’r7cp=

|

! el depv% %&/m/o;o z'ca/éf. /Vo)ﬁ'ce_ v%q/i
onrce /o (%C/ 72 & //ow /S /)—q/f&?c’/ex%t‘a/

ard e C/f’pﬂf /s demzﬂa/.){'b? 1207 So Freceolds

ée’ Caene z'/ X3 2#'762-@)/4 A ozwi ém"‘ Fr2orze
.éé’cax«r&e E alarled o o Axgé @er O twar 15
;5 "g-e/é' Aoewer - 43 /}45 ﬂwcz///éw m/c/e.

 Tlzes s/’,zuaé‘m nrcry Occer? colrers a//mf‘
Eﬂ/)é /7004/7 wrrde? as M@"e/)//nu 9@22 der A

MZ%MJ' - Q y%y Oée,a c'éa/-»?xr—ve/_

O;/_Al 5 So"'S:c ey > O
A X 7 — i -

Qf’/o#f S ereases jir Zereoldcas o///uuf. Belrcewror
as 5+ D Sarie as 73 -'/W-u//e/ cetf //,,, £5
o pproa clied arsym,;z\:s/-:"c‘a/% rv devsrsheans
p{r)-f’c‘lc‘m. ﬁj&?z'.@/ e C//pzu cerr O a(ﬁ:aéé
1210y nesal? is a 55"/%:3%%5 dozisis 557 Covvns
o/ qf%f’ 0‘:47((//M

’ Symba/fz: ‘ S“,a/w/r les ase shororr or

¥ /Joeae:o"a'h_y frage.




OF ERRDUVRLLY VREIED Flow PROFILES

Sunhﬁfy

Ol = wormal Heptb livre /% == %,) /
COL = critical deptt [tne (o, = 4 )

Horizotntal Horizontal
NOL M S " sempiclo
= = MQH —
CoL )
Yn ______ -f_,“
¥ AES
==

IR
R .\\7’»3,%/}\//\://.\/:/.5//\/\\’/ R
NN AN

NDL_ g Mild slope

Horizontal

asymptote ﬂ

H
e 2
g ooL_ ™ .
Il +
>
W
Ye 2=
IIFTTITIITITITITIIT. A .
AN AN AN RN AN A
e “Worsonal “" Adverse slope

Figure 4-2. Water-surface profiles in gradually varied flow.
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