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The development of roughna &N
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;(1) Devlvitlons of Eesiﬁtance Elements An & fiovable'.

Fed Channel % “'

"al rlver 'we can seperate this'roughness-i t

He Finstein,,as

"U;f Frictior

up

kgwhere

.R!' )

-,R"'— Lyavaulic radivs dum to ﬂqndwparticl Sh e

Thereforeuz

: f’ B'*x R :
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When a flow takes placa o

tf ; Ripples

Nhen ripples form on

‘37f;strenm v qaltqtion.'~

’*;]4wéeﬁ*é

'anée.u” th» bottom decreaaes.f

‘;? Antirlpples‘“*
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}sznolds number related to the grain sizg
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Was ot exactly defined.
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= Density 01 water

Taking these one

1t 1s




.BEEEK,BtANBUL

’Where

.TOn the other hand solving:Che
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7 §; Si]ting andfécouring

'f'change a very?irregular channe_ i t

‘ form ove and decrease n, where'scou‘

and 1ncrease n."

Obstruction Thé:presence?of 1o

{and the like 1ncréases n

:5g. Size and shape of~channe;

<ﬂradiuslmay eiuner 1ncrea"e”or a

‘fcondition of the‘channelf
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1 + (ul

5( in Brltish Units ) RS

“( 1n Eritish units)

whéreu}jfﬁ

ahd

usually i's- lessai;ifJ




oy

[ET38




g s
P







THESlS

T Roasar COLLEGE GRADUATE SCHOOL
. BEBEK lSTANBUL

where' _
| .?cOmbining (2)

31;7?

- we . can define 'z ..
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| -»with 'z, stress at the wall

;Therefore ;“{]fggyi o 1'\ ?}?
v W :‘=;. :1_'1;-‘.-1(-@/.@::)' m |

”V,Von Karmann made an assumption that

i -A-k (U /U"

fi*between the mia@ing 1ength and. the wall,'neax

‘so ‘that .

(du/dy) & U /ky
1 Inteprating equation 11 {f»” L
, U s(U /k) ln y ¢ e f?(fﬂ~
Solving for U/U¥o o S
| | U/ o a(l/k)ln y 4- o
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=  ;?5;_C‘4f”

but at .y fxiﬁ* >;’€,Tﬁef§f6ie‘:“

‘%af-ifUmax (u /k)j._{}h;{h*‘if-’50

cu“

- méxg“ffgffi'
e —

',Nwhere aE e
”“‘y is the distance from the wall. This 1s ﬁhéfﬁﬁiy&féélfiéwfi
f’of Prandtl velocity distribution.: o g

7;36

7:sub1ayer. By

mV/U

l’1t 

j

‘Juwhere U*é is the shear stress near;tv

tion 51nce we are near the wall we shall_use Ud'insteadz
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0 Then':

”ﬁl-fmipation f the&roughness ﬂoefficient nfare mnchjlarger';; JyP

“h‘.(l) Kenlngan'in Aclk hanallar le Farmﬁlu akklnda Bir

'fl:its vajue 1n equation lb 3 we get
U/U,,.- l/k (ln ¥ - ln m'V ) -
: wherefﬁt £

s k)lnl/m

“5wNikuradseﬁs >‘;:

vi,* radS°‘s exnwriments we get

——

'foS + 5 75 1og X_r

S e

:  }than *ki

Elestirme ve’ ‘Biitiin Enine Kesitler ‘i¢in

‘ Iugter»k Bir le
’filxadesinin Kullan11m351na‘Da1r Tekli :
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”ﬁfzsional analyses gives

foprollowing the

"} Combining (18) with (19)
5 75 108 (1/m) = 5'5
: 1/o 2 . 1/9
"1{From Eq. (15)

L
ll

S:

:J L

ng,

,-9:f:fv*&gffi;]*;éedte¥'w-~

.'f&rQonétaﬁt.éTfof?réhéh"wélisk§ f¢?

Only difference 1s 1n the roughnes?‘height’ Ther

'thore again 1ntroducing k as & dimensional*entity:fdlme

y U*/D f (kU*/Hﬂ

.n/u*

~H

  ﬂconstant._

' .
c;;_\

SLER
B S ;Z"

f(kU*/V)
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| kU*/ 12>68-70 A
| ar 8.5 - 2 1n(k Uaf/v)

8 5 - 5 75 log (kU/'V)
Then 11:. ,onows that ,
» U/U*z: a * .75 log (yU*/V)P’, »
u/u = 8 5 - 5 75 1og(kU*/v)
u/u;.: 8., + 5 75 1og (y/k)

‘This 1q the velccity distribution‘fo

¢
H
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"l ‘.,-,'Elnété'irif* s Assumptims b

In any type of experimenta‘ work some assumptions

o son the walls. The boundries between the be {'}:;Qf

: geneous.;;.?

w1th these assumptions, Einstein obtaing fhe

 ing relationshipsx~‘5';
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f:Frictional resistance éue “to’ the  banks

;;velocity in the direction orfthe may

e iwe U em @ L@y e e

nydraulic radius with respect to"the ba
‘{%Energy slope of the flow '

'”fKinematic viscoqity

75Q?§f§°V7

r#fTotal hydraulic radius

”'iff?ictionaiz
- won the
LT ithe valuesefi

'”'f To compuue} *f

3

S AL “’.Rtpt + R P ;
P bez/ng

| °“f _PfU2/8gj
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R ;4 Transitions From Varied Regime to. Un form cgime

this oscn@ation (looping)“will

”’itfthe velocit}'-vTherefore

.continue till an equilibriumvi‘
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;VgU*.. Friction velocitv

......

'»ﬂQfB Hydraulic radiusﬂ
Sand roughness
F Froude number

Hydraulic gradient
R U/U* = sFr/J""“
r]Substituting 1n equation (1)

=76 25 * 5 75 log (R/k )

**,as follows

VIVJSection I Bottovaoughness k 1ncreasing

:fﬁPhase I
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'fgfifPhase II When the becrou?hnessli creas

that B—»

ﬂ  and Point 2 are on the same line

avarage value

““ Since R/k decrease with «-m velocity,iso ddes::

'-"being .&m, U 1ncreaue d
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L 1

ﬁ  il-m) velocity. Therefore,

‘_“with the same velocity. Yet
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Since R increases slowly, j decreases with avarage velocity,
-and therefore the Reynold's numbers.

In Phése 3, SR was 1ncreasing witb maximum velocity,
and in Phase L was decreasing wich the avarsse veioéitieSc,
which means a return in the roughness cu®ve,

This i3 under Section 3=4, Checking Fig. 4-1, 1t can be seen
that the ducrease veloclity of the Reynold's pumbers increase.
Therefore, the slope of the curve increases. Once this slope
reaches 1ts valpe in Phase 3, it will reverse and start dec-
vreasing}'The returning curve passes through Foint #. If above
this point{ the flow would gain enersy,and if below this
poiht will lose energy. Yet no such state gxisfSQLTherefore,

-

the curve passes through Point 4, Point 5 represents this case.

SectionVII : Eed‘Boughness k decreases:
Phase V : Start of the decreass in bed roughness :

In Section I, we studied the 3ncrease-of the rough-
ness, Yet, now the new flow condition does. not satisfy the
néw roughness formed. Therefore, the rourpness will étart to
deérease. Since due to inertia in Section I the roughness' |
(k),lncreased more than necessary.le-Sacticn II, the flowb_'
w11l modify the roughness. Phase V is the start of this new
conditioh. Roughness starts decreasing while R is yet constant.
Since veloclties are very small, no seperate point has bgen

-assigned to it. The increases and decrgases are opposite of

the ones in Phase T.
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}

“due to the decrease in roughness :

\\\ < '\‘\\1-'
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Z
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Phases VI  VII, end VIII : The different flow conditions

*

These phases are éymmetrical with phéses 11, III,

" and Iv, anduare.shown.with points 6, 7, and 8, At:8, a
' ébmplefe.lodp’hao beeﬁ’formed. To reach an equilibrium for7,
unlform flow, these lOOpS will continue getting smaller and
:--:smaller. It cannot yet be determined how many 1oops will be

frfneeded before the flow tles 1ts final uniform flow regime.'
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”(SJ.Influence”Of.movable Particles On’ReSistance'Formulas'4“7'v

e The variation of rouchness of sediment laden stre-
ams is caused by two. distinct processes.
'1) Appearance of dunes and bars on the baed which may inc-

"rea se the roughness several tlmes because of the,addlti—

: i;onal resistance and,

2) The damping effect of the suspended sediment on the .
turbulance, in the stream tending to reduce the hydraulic |

. roughness,

"It-is::difiicult'to separete the two effects be-
.use for streams ~in which a significant amount of bed ma-»"
terial is carried in suspension,the two processes are~al- |
| ways acting together, but with differing relative effects.
w‘}For example yin-a sediment carying stream flowing at high
ﬁvelocity over a flat bed of sand , the friction factor,or
roughness coefficient will probably be lower than that ‘
| for a clear flow over a fxxed bed bed- of comparable grain |

| roughness ’ because of the damping effect of the suSpended _f

~ load, On the other hand , at a lowcr vclocity with light

’«suspended 1oad ' dunes nay form, and the net result will
be an increase in the friction factor over that for a fi— .

u,xed flat bed of the seme sand roughness.
Before pointins out V, Vanoni' s(3)important work
on . the subaect let us first look at the classical approach

Phe reas oning back of the . theory of 1ast century
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'lstarted out by logically ass suming the energy head between
fthe stations on a ctream, is mercly the difference in eleny

'vation between the stations It was then argued that this

drop , or heQd los s, was used up in two ways.,
l) In- overcoming the hydraulic friction of- the flow,

2) In transportlng sediment,The more energy used in trans-

-porting sediment,the less available to overcome friction ,vb

andvice Versa According to- Chezy formula , the velocity of

if_a'stream 1s*proport10nal to the square root of thc energy

'slope where the energy slope is merely the loss of energy
C,to overcome frlction/unif length of stream. Now , 1f a tur-

bid stream usges part of the total avallable energy to trans- o

';'oort sedlment,lt will have a smaller energy slope and hen-

“ce a smaller ve1001ty than 1t would have , if it carrled _

no sediment Thus it was concluded according to Chezy for-

mula a clear stream would flow.faster than a comparable :

. one carrying sediment'

Vanoni points out that"nuch ox the energy to trans-‘

- port c-ed:t.ment comes. from the turbulance which itself resul~

’vts from the exPenditure of energy in overcoming the fric- -

tion Therefore this energy of turbulance 1s no longer ave-L

' 1lab1e to overcome friction , and’ the fact that some of

c it is used to tran5port sediment should not necessarlly

affect dissipatlon of the maln energy head" Also apparent~_

'1y 1t was not recognized that thc Iriction E or roughness,

| 'factor of sediment bedring streams varies w1dely w1th load
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and flow rate, and that because of this the mean velocity

1 can vary even wlthout a change in energy gradient or denth

G.Ko Gllbert believea in the clasuical approach too.

In hlS famous flune experlment in sediment transportatlon

| exPecting to confirm the idea that & clear atream flows

with less. res;stance than a comparable loaded onel,ll out

qf,l6.pa1rs he.selected were to the contrary.As a result

of these data Gilbert was forced to admid that the theory

: wae'not supported and that there was probule some phys¢-‘

cal law which escaped his’ analy51s.

LXperlments by V.V&noni(})ln a flume w1th flxéd ar-

- tlflcially roughened bed showed that a flow with suspended -

: load‘had a smaller frictiop factor than a clear water flow-

~

"of the same depth in the same channel,

A

Mol
log
scal
, caee g
d ,
7 &= 15.8 q¢flit.
. -03 -

» -
— U e

' The Fig. Sf_ 1 @bove shows velocity:prefilee at‘thene '
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W,Woenter of a flume for two flows of the same lepe and depth, ]

one w1th clear water and the other wlth a mean concentratl- f;{'

“on (- g ) of 15.8 gr/lit of lmm sediment o S
Thl shows that the ve1001ty proflle follows the “Von

ﬁarmann logarlthmic law For two dimensional flow,profiles~

k:can be expressed hyt

e +'kj::f'* 2% 1°g10'%

where u is the p01nt velocity at y distance up from the bed,

"exlu iS ‘the medn velocity a* the profile 2;15 the shear st*ess

' at the bed /Vis the masv den81ty of the fluid, d is the flom

b”;dcpt ’ and k is the Von Karmann constant,

The effect of the suspended sediment in reducing k B

as indlcated by flg. 5-1 is a gener&l one which occurs at

Call times in the laboratory as well as "in the field. BY add-"

‘:1ng a sediment load to a flow the frictlon factor is decre-

;‘ased The relatlve magnitude oi the reduotion in fllctlon

o factor seems 10 vary w1th concenuration, the values with

‘fhighestvconcentration producing the largcst chunge.Though ’
it appearc that rate of change in bed friction factor with

concentration decreases at high values of the concenxrh

- tion,
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(6} COmparlson Between The Resistance Formulas And Their

':'*j'-- S R Applications‘

Manning E formula has a world w1de appllcatlon in

“i'uniform flows,it is qulte simple to operate with,yet it

. is noteasy to apply. Thls is mainly due to difficulties 1n
! determlnlng ‘n .nchanges readlly from one water stage .
to another,from ‘one section of water to the next There-

',';fore the accuracy of the results to be obtained greatly

depend on the -correct determinationof n.Many tables have .

" been given for ‘n in the 1iterature.Another new method o
briefly given. below rs the-‘"Method of Determining Mann-} -
. 4ing's n by Ve1001ty Measurement" which seems to be a pro-
mlsing vay of measuring n.‘ , . o
. For rough surfaces veloc1ty distributlon-v
U= 5.750, 10g2—?-c1 |
'depends on the roughness helvht which may. be related to%
f~Hanning s n. ‘

g .-f-;-l_>k1'/6 |

where:

| fﬁ(;fﬁ' ) J‘;-_ (R/k)l/G
T .9 1og(l2.2R/k)

"lehat is the roughness in terms of manning's n can be tg-

"’ken as a domlnatlng factor that effects the veloclty dlst«

'_fibution_ as.~: ."(,x " )V1/6
R = ETTE( R4 )

‘ ‘This is the value of n for a wxde rough channel
'with logarithmlc velocitJ dlstributlon.oXperiments done:‘
'so far 1nd1cate such a relation but the data 1s noteno~

i

-ugh,. - ' ‘
N The Chezy ﬂormula
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_“presents the  same type of problemfor efficient applic= "
ation to uniform flow,correct determination of" the coef~

ficient c. - Among the attemts made to determine the Chezy
C,Kutters C (as disscussed before)ls most famous,Though
-,it is hard to use due to 1ts good result. yielding,charts

have been: prepared to determlne it graph1cally,greatly re- N

~ ducing the work assoc1ated

“Bazin's C aiming to the ‘same end is not as- accura-"

te as Kutters therefoe is not as widely used, though some
‘vEur0pean countries use it, :

- The seml lcgarlthmlc formula

YT oe (- 5.75108 §
Us

.’,when applied With a correction factor(x és,Einstein;callé: -

it) becomes:

] : ’, ~> ’ i " '
U= 5.~75,,1og12.27v L x
- UL TR kg
' where kg U"
| x oty )

As was. shown before the applicatlon of thls formu-,

| la glves qulte good results.
| : Generally it should be concluded that since these

‘ fofmulaé are either emplrical or.semi empirical a theore-;

ticél comnafison is not actually possible. thS compari~ :

son should be made on an actual river,each quantlty cal-

- eulated by the dlfferent formulas and then compared with -

"the actual measurement results. :
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67) Interpratation of nxPeriment Results7

From the eXperiments run in the rectangular flume A
1n Devlet Su islerl Laboratory in Ankara. (data to which
is glven in the: appendix ) some 1nteresting relations
were obtained o ‘

" In graph'?-l Rt l‘versus U/W

'is‘plotfed;whe-'
R R

| %
. res - A R ’
o R£~His fhe_hydraulic radius due to bottom o
R{';is the hydraullc radius due to sand shape roughness '
~j  is the energy slope ’ EE :
U is the'average velocity R
»:W§o3is7thelsittlng velocity of a Dgo'sand”parfiole _

- In the beginnlng of the graph due to very small fl-_’

ow - enough p01nts could not be obtained,yet it distinctl;
shows 8 decreaing trend That is in this branch the: 1mpor-
tunce of shape roughnese is rapidly 1noreasing Therefore

- the value of the fraction R /R{' decreases, This corres-:
ponds to the passage from flat bed to bed configurations

: and slow formati n of ripplea. : o

Yet as average ve1001ty lncreases some of the sand
particles mOVe in saltation Thls yas was explained in ‘conm

nection with Vanoni S exPerlments decreases turbulance the-

refore the apparent: rougnness This decrease shous 1tself
“;.as a. decrease ‘in the shape roughness.The decrease of the
| shape roughness therefore the decrease. of the related hyd-

 raulic radlus decreases R} ‘which increases the ratio of

(Rt /Rt )3.

Around U/u" - 6 thére is asharp jump-from'rippleso

‘to dunes and(Rt/?")J suddenly decreases as dunes. form,and

: R ' gets 1mportant ,suddenly Yet at the ve1001tles invbl-

ved, more and more particles get 1nto saltation and some

start to. travel in. suspension and oneagain result in the
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decrease of apparent roughness,This causes the curve to
turn upward,

Figo" -l
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In figure T-2 Rt ratio ie plotted against the
BTV J

i
froude number,The results ¢f this figure are very similar
to the results of the figure 7-1,The passage from flat bed
to ripples,slow decrease of thebottom shape roughness,suds
den jump from the ripples to dunes can be seen here LQ0.

e 4

Fig- T =2
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""the Froude ‘no, transforming from rlpples to: dunes suddenly,

consions

From the eXperiments ‘done on sand (specific gwav1ty ;y
2, 65 ) in D.S i Lab in Ankara two resistance relations ha-.uFQ?

sve been obtained These experiments p01nt out to a aump frOmiigV“

. rlpples to dunes Anti ripples didnot take place since the;fjfjff
sand used in eXperlments were finer. than the material ne-sf;wfﬁ’
 _ cessary for the formatlon of antir1pples.81nce necesssary

‘ flow conditlons could not be provided the antidune stage/57“

f‘.icould not be reached either.Howeverin the section done it :

is shown that the importance of shape roughness varies with

'though prior to this sudden change oowe ripples do form on vy,jf
'the ‘back water side of the dunes. T
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Bt Sellm Yalln GeomEtri°a1 PTOPerties of sand waveSy“w s

A.S.C, E. Proceedlngs Journal of the Hydraulic D1V1si~  ia

" on, September 1964,pp 105.

~2) Dr. Fuat @enturk Hareketll tabanlarda uniform aklmln te_gﬁa,;e

eekkulune dair Teknik Biilten gayi 8,Ly1ul 1966

3)'V A. Vanonl,George Nomicou,Resistance Properties of Se-"
‘diment Laden Streams A S.u.u.,Froceedings Journal of the

Hydraullc DlViSlon,may 1059 pp £2-84"

4) Dr.Fuat %enturk Nehlr Islahinda Benze§lm,pp 151_157.'_:,_,

5)~h.wen Shen Developement of Bed Roughness in. Alluv1al

'Channels.A.S C.E. Proceedlngs Journal. of the Hydraullc
_Divis;on,uay 1962,pp:«) ~46,49-52, |

 ;6) Ven Te Chow,0Open Channel Hydraulics Chap 8 1959'*f
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T Calewlation Of The Sand And’ Shape Roughesses In' Practice

| In a Wide channel w1th no side effects and W1th a‘
‘eufloose materlal on the bottom,re51etance can- be classifled‘
' '.in two groups after ﬂ Binstein, Theee are the sand rough-fvffléé;t

ness to Wthh corresponas an R" and shape roughness to wh-yrﬁ e

’f'jich corressPonds an R"

R"and‘corresponding:U can be calculated by V.Va-fiﬁ:‘:
'*nOni‘s'method;Once R' is determined R'' can be calculated :fi*;{i
"frOm_e ~ : , |
| R = - R %R""-' AR
'and therefore U" calculdted slnce the channel was taken:‘
as very wide all these values correopond to the cahanneliﬁ”fvfii‘i

” Ebottom Einsteln tried to collect theee values asyév;: i ,ei o

‘.tl f(w
Ug

ine a diagram The points are very scattered yet it may bel!vc~
: argued that a curve can be obtalned This dlagram has notff
been utllized in practice. | o ‘
" On the other hand 1f ve have a 1aboratory flume(as "

is usually the case) we ghall have 51de effects then. f" '
A : .
R e R' +R'E
' where

Total crocs sectional. area L

[N
: Bnoos

Total wetted perlmetev‘ 1
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L esesg

ot
"

Hydraulic radius corrésponding to the channel bottom, ~ . |

R{ + Ri'

"

'R} = Hydraulic radius corresponding to the sand roughness
onkthébbdftbm, v;. b R co R
" R}'s Hydraulic radius corresponding tobthé,shaﬁe~i§ughhéss j f5f g
o on the bottom. B . | ‘:T"”*'i . i
- R, = Hydraulic rédiﬁs correspdnding‘to the'éideﬁ;:i i §f«ﬁ?:’fj"‘
Uy ¥¢'tha . ussERS
In a channei with side effects Ux value corresponds

  fto Ugt value and thls can’ be calculated by Vanoni's met-  “

" hod asrshown in appendix A-II.Thereforethw is known too.A, :
R A | R
t - i £
whiere | |

- fi - Roughness coefflcient corresponding o the bottom. i )

) f - 1" ) . " o o (1] . “" n Section. "

ELinstein's ProPoS&l.t°'ihes?,calculati9n81is;as% 3
follows.

Ac Rg X

Virtual wetted scction correspondlng to the sides._’ D

.
1

. Wetted perlmetor corresponding to the 31des. ﬂfu.

B
v

A'

Vlrtual area correspondlng to the sand particle “'
- Al L B " ) m k"' woon shape ﬂ )
' o ‘ | A ...AC :'A"’{. A“
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These values Hold for the bottom Therefore-'i‘:
'A = Rt (}x - l’ _) : _where
X'-‘Xc;:vxtv Wetted perlmeter corre5ponding to the bot-”
R ' tomo ‘_ . |
‘ A_' = A':-kA" - Ac e P L
. - ) SO Y B o _" L
e AeRL(X X)) -RL,

Re'

According to H.- L:Lnstem (‘{ - X, ) pefi’mquefhb’l_ds
both for A' and A” at the same time. R | |

“Accordlng to Appcndix A-II.

R, = R “¢- Ry = R "t
and from this:

By o o

Ry fc_‘ -

B _gén be obtained, : | '
O ResRpa aa aama

: substitutlng Rtv .-_- Rt + Ry in its jpl»ac.e v}e"g:e't» e

Rt - A "‘ ‘Lt (; -;-XX ) "’. ?cx‘c + Rt}((; }i ;Xc )

-That is Rt does not. depend on Rt

H‘t _ A’_- Rtak
X _-,Xc

which‘ m'eans Rt = RY. ic" as'quméd Thié can be . calcdléted‘ g
from appendix A-—I In the table glven by Vanoni R ’ R'y R"

vl

_are not present,Therefore U'yR',R'" are not invalved in.
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“H,. That is we’can write

B oew
ThlS means the sides have an effect on the shape roughness ;"
but not on the sand roughness Therefore'

Rt(X-X -BX):A’
A Rt(x-xcl-a))

_3and solving for Ry 3

A
Rt-—f.—h(l-a)

:;Thls value depends on knowing ft and f .Yet in Appendix

‘k'A-II in the method pr0posed by Vanoni

AT,

R -
ot XT

It can be shown thaffthese two-ﬁt}' s'éréﬁthéqsaméév

ALy Ay
it :‘Atit.+ chc

On the other hand it was shown in appendix A-II thatt’

‘ then'

Thérefore,f

READ A ;*:‘o‘f»c;

Af, A A
XE X + X I X -,:('c(xcig)._n

h
LoH
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" Therefore

both give the same result -The mos t 1mportant }

- ass umption 15 that [ : U,t .In practlce calculatlon may

’be done in the sequence

1) U = Uy
- 2) Ry

= L ]
4) Ry*

.5)‘U;% 

"

below:"

found from Appendix A-I

f

1t -

i

K W A-IT
o L
" Ry
" Ry = Ry + R%
.
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| eters 1n I 4 as-

. Appendix A -1

‘T° °a1°“18te UL JERTJ B £ P
Vanoni prOpooes the graphical sy tem~bélowﬁ(4)'

U :'5 75 loglz 27» x' L2

U T e R
o kU
oot 11-59 S

 f Substltutlng % and U4 1nto I 2

. Lt

U' = 5. 75 log 13, 27 f(-~—6-’;.) | I.:_4_
v R e

where functlon f iu def1ned in fig l l There are 5 parame-~A:“

\/ C "ks R 11.6_v

All parameters contain R' therefore assignlng R ejj'
value and by trlal and error a solution may be: checkedii}éu‘ |
Yot 1nstead of thig trial and error method if we resortﬁto;‘;
avanoni's changing parameteres method a short cut may be ’ -

‘;‘_obtained Let.- .

_ -—EL—~; ) o , v __;lﬁi;_;
. Fr s e : .
VeR'y o Yekg 8 vi

be the new parameters A relation can be seen between the

1d and new parameters Using these I 4 becomes I 5 as: ,”

, R,
L = T (v’ék 7 EVS ) B

- Only R' s known 1n I 5 Therefore if the parameters”

?,fnot containing RY are. evaluated R can be- found

'
,ﬂk

. In 1‘4;let5'0han5¢7(‘
S e g

- x) with 1ts equivalent..;l
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Jgk:] R
UJx ‘ |

gka

_fﬂ-/ )2 Then Calculate—   _}i *: ’%

"f for different values of U/U .This can “be - done ulnce U and -

”t U;fare known. SR‘

U &g

and therefore from Fig.l l
v 4 |

i" x 13 known The values ohtained are collected on a graph

- For the X and T /Vfék 3 chosen a U/UY: will correspond

from thls graph and 51nce X. is known from fig.l 1 L /5

*can be found Therefore.

- () 11".5:7%.;( U.)2

5 % -
. g%a BN e R
Therefore: | g -
PP TS
EV3 IR fJgkéif
'f“‘arévdetérminéd.fﬁese ﬁalﬁésféfétééileCtéd_bn grépﬁ’Ai’l’

Eaumplele to illustrate thais method |
U - 1.0 m/sec. 3¢ w0000 y=1070 K - ,0l0mm

—— == — :-320";
Jgksq | .l:':.01 _\[g"» _ o
5 | o g
__ll_.... -1 . : 9
E V3 5,515, OOlelO oGRS 023(10

°AU/U¥ - 20, OO( from fig.l. 1 ) Therefore~

' 1~
vy g 7o
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e

Vanoni s correction for flume sides.(4)

| Subscript for bottom ;

¢ 3 oom s *._" ;sides
3 § Energy'élope I;,' |
. kinematic v1sco 1tyiof
Uf} Average velocity

wos wetted crosssectlonal area>

wetted cross section  ’

| R-A o
' :“¥ \/gR frictlon VGIOCity - 437?'t1ii.iﬁ'
| ( Ur)2 Wel bach frlction parameter pII;2‘j
: 5._ 4UR Reynolds number - 11
- R-.,'T"“"‘y RECe , B R

‘i<AssumptlonS°'1"

*‘er we assume.o

‘In addition to Elnstein s assumptlons stated earli-1

side and bottom roughnesses though not the same, :_‘

are- homogeneous.

If in a’ channel sectlon dimensions U,J,g, xc,xt,

i"ofare used k and.Xt can e3811y be found and SO- are R Uf,f,

“7Tand Sp.Dlmen51ons to be determlned are.Urt’Bt’ t'Also fe

:otihas to be known In the given method qldes are glass,there-‘

 ‘fore hydraulically smooth Threfore simpllfled Then rela-

‘fgjtlve SQnd roughness is - 0. Then f depends only onSR

SRR 4UR :
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: yiding“ .

‘and II.2

 from IL1O- Wy =

SinceUa:U g AUR, e e _

g
'

 ¥vfr0m'which‘vii | Sﬁ'fif 4UR.  snd

PR 2 _4UR__ can be obtained by di-

<

Q,
1

IL5

B 1s;f9und,but fr9m1Ii.l; 

B
1

w0
le)

Sch_ﬁi;f%_jﬁ2' o gRj :';§.U?,  : II.6

.is found ,If divided:

Be oL 17
"R I SRR R

and from'here usingVII.Sl

Yet s, or f_ can' t be determined alone for this a

o c o
graph (II.l ) is drawn This depends on Rouse!s f as a func~;"
tlon of S in smooth- pipes for Prandtl's "equation in tur—'

‘bulent flow" Iigure Then II 8 w111 glve S /f ' and_fig..-

C

'.‘II.l the value of . f, .Once £, is known SR can»pgifound, '

Due to geometrical consideratlons,

w-- wt ? W, 5 .v k’,vb,  *‘.Ii.si

_jpu‘ttinD % A_lndtcad of R in II1.6

o T
. XfU ‘ S ‘ :
2] - ) - II .lO
Kt tU

,ng o

e it e s Sy 4 it e st s b s ¢ Sreea s 6t gt it i e ¥ e 0 i A0 B R A ey P sre A i wan el
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w ;
: - > is obta .
e -8g3. is O,# ined

X f X f

=
=
L 4 )
H
=

‘From here- : Xf

W =
n
-

"for II 9 1s obtained,II.11 gives the value of f
if{’:' f P .

- P A ﬁXﬁ e

.If the flume is: rectangular then:

t

!

o]

L]
I
N

)&:b‘i'Qh

T T o g .

Illustrative example._

L0009y 21070

 ';b - 10 m, h = l ne Q

10 m3/sédv j=
“»?off}ndlUt_gnd‘ft

W o= bh, om? U %9 =1 2,f:*‘

12 R

X - 10 - 2.0

tonz: a3
- ( g.61x,835x.0009)/ 2 - .085

£ - 8( .085/1)2 - .098_" 531:‘ AR - 5 92x106

:'-tokflnd £ | RPN

8o oz BT 3,90 108 sigmol
| =0 7 A aef sl

“from fig. 11,1 f = .02
.'Once fc is known ft can ‘be detcremlned a

v «/-('l
//
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e BCra) z o BhCos0 - 02) z08E

e | -
Ry = R§ o .83 55— = 1.0

from which:

oYy @1330009 £ Jm/sec
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