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',,: ' . ;. ',BEBEi(ISTANBtlL'~ ':':~,;:::~,?i 

.,,'.", 

.' .. ~ ", 
, " 

, "', ,," :' ,:,,:,;:;-:'''\;<'',:-;;::': .>, "r-J,::,:,'::"", " 
Arl, investigatfonhas' b~~ri' 'mad.e',:Ol1\t:h"e;::d~v~J;.;()'P~A1~,ri~; 

'of bed 'resistahc~'in:e:i.od+bi·e.: '~h~~l~~is,:?¥i,::,~,~~~,:~()j, •. ;~"~·~i'1'i~~;: 
. . .'~ .' . . . . ".~ j:: ,. 

em ;el,ements~,.~" t~eir,fbiT::~t;:?n',':iRl~9~:t:~~c •. ~S:·::-';,·,~;r~'··;ru1~>,i~v~~,:;" 
aspects of'th~:Pr.oblem"and',assurription~,,:.O,f:.',:':V[:i:ri,9t1t{·:~\1:~1ioiri' 

on the sub ject ·hav~be en eXamine~"ae~*t:.~t.~¥,e;c~~"~i'~ 
ments,'ran OU ff SUlta~: Deret'~m.nd·tn, Dev1.et:':'$U;:;.l~l~ti';Labo':';''. 

-;. .". '.'~. '. .i." •. '.':.:., ~ ~. ," 'f;:_ .. ::: ,.:. !' ..... ,." ." ':'. ': ""'.:<',,/' ... :,'::.", .~:, :.,>.., ".", ~.< 

ratoryin.Ankara \1a,s,then'cVal1.1..at~9..Uride:r'\i1:te.. ,~:ig.ht ,~,6f: '," ," 

.;.J 
" 

,:: .. ~ 
" 

J , 

this t,he,'or~r-,an,d, ~;vti rel'ations VJ~~'e,'i~~'~lne~ '~6i,~'~~:~g:~/>to ,: -,', ',C' • ','.! 
" 1.'. ': ,:! :l 

, a jump from ripples to,~dtmes:·as·th~,.::·fid~~'j'66~cLtii~~~;:,:bii~J;,,"'::;1 
' " " '-:. ",.,,:> ':-,"'" ,,~ . ',c',' , " ,,',:', '," ": , '1 

ge and the ave!age~'e~o~i ty. -increase',s~'>:' " :; ,', ' ' ",' , " J 
... ~ ,,~ 

.' , .~' . , 

'I" 

, . 

,' .. ,-: 

~ .;. 

"-.,' 

'.',. ' 

" '" .:.' .... " 

.:' .. 

. " . 
,'," 



,INTRODUC'IIOl~ 

... ',' " ri, ES($: ' ,":';;:.~' ;::,;~. <~'< .. 
, ,ROBERT COti.EGE·GRAD~~TE'SCHOOL:·';. ,: ';.":,, 
':.,' "BEBE.K.i5TA~~~l:, ~?";>;;}:::>,;!::,:'> " 

:', ; .. 

).: -, 

.; '. 

" " ,", .. :.' .... >. 

Th¢deye 10pmept~f' rou~h~ eJ~"~~~'~;;d2tt~5r;~t;;~~~:,;, 
,;onfiguratlons:.is 'of, gr~at im:pbrt~l:i~e,;.:hecS;1.lse~:';the:$.e:bed:" ',',,: ';'", 

,- '", '. ~. .'. " .'- . . -' ::~." ' .. ··'-r '.',"J~ .... ". ; ..... ; . ,t"'\ '.,;: .' . 
. " '" .': .:, .: .... ,'~' " , ..... ',: ~.·_: ... ,~: .. :._:.>~>,~·.,,"\.:i::~~ .. <'~~ .::,.; .... _ .. <{.:~(" .. ;:' .. '.' .. 

i rregulari t1 eS,often "cori tr1 b:u~ e,tne,til'e51om,fn~n ~';p~~t·::of:>." 

.:::t::::sr,e:~:t:;:::i::t:fU;lo:1:~n~;~~~e'~::~~:iii:t~;l~iP" 
any accuracy.: '. ' .' """ :':<": "'<;;~,,:,. 

The ap-oear.ence,s 'of diff·ere~t"~beo>~~i;f.i;gu~~ti,hris;:-in:'c,,· 
',' "",~' . 7 ~ t~. , .: :.,'.- -:-':,',"" .: . .'.,<,::-..~:: ~ _ .. ::~i,~.>~~~ .':.'t. './:.~.>.,~" ,':~?::_~ ~,.:>_~~';~:':~:';:~'>:", 

m'ovablebed, channels havebeenobserved;,a.nds'tud'1.Efd:,':ex,,:,,: 
. ' .. ' '. ) .. ~ /.~:.:."." ." '. ·':···;··~·'·\:·:t. (.<,,>.~.; .. ,. ",:-,:':~;.>;"~:':.:.;,(,:>\"::>--.;:'.:;"<>' : 

':::1 ::~:s::g:::~:~::::· '·::l:::e::~s:~~:~r:;:~~~~S;:Jt~:" 
meters to ~escri be, the infOrInat~~n~/t~~~~",-'p~'~,~e:rri'~~_ ::~:t:--, 

, ,,- " " -"" ,,',;',:':':::':'::::'::' >'/ , .. ':;-";':'/':~" ;' 
the causes,'of :vs'riousbed. pat terns,' ar~ ;'SO :~()mpl~x'"tl:iat'::-riq '.:';':'. 

.' '.. -- ,- ,.,.., '. ,"' .. 

geJle:r:·~lly, satiSfs:ctory, eXPlanattoi{1'l~'~ ;be~n .fo~rid::'-:<'~:\',':':,.:" 
. .~ ; ~~ ~, ." ." .' . ::i.,-~. ~-.~.;.:' ':: ,:~~",:' ~~,.},\::' ".~: ,\.,\;,1" :::, '.~'.¥.' ':'~ '1-

" The, bed pattern ch~ngesfr.~m~,()r.e::fo~m.:y()"'~n.b~~~~J:>:;'::':~,,, 

f1;-:',nd, qui~efrequently ,ti'lO', cHffere~t.:be~~';p~~t,e.ri1S;;t,:\fppi~~!",;·:· '" .,,' 
. . . ." ... "" .".-' ,.,' .. ..',; .. :':- .. '" ,," ,,, . 

a/.ddunes' ;forexampl'e t' 

u'tses 1 the de,sigw. tionof 

l,""ather 'aibit-rarJr~,However~ 

i: :lne:te thed.ev~lohL~entof fricti'onsn'~' res1·~t-~:iic'e' 'at:'v~!&-:' " , 

"0"$ ·bed~Onflg'Jri:J:od.~rllth"~,'~~~~ottie,;~_;,:~~;~,:'~'i.,~:~tr6r1:':~~," .:"; . ,> 

., .. ' - ...... ', :. . -,. '. 

l,ed, ."eOmetr', its?;!!', '... .'~<;:"]l!~":t·i;i',;,~,:." / 



TH Esfs<'",~:,,"~:<,:, 
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,BEBEK.ISTM1BUl ";;:" 
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(1) Definitions: of Resistance Ei~riIen~,s;:in 
~ , 

" 

Bed Channel' .. ' .. :l" ,"' ;.- ,," 

'.'", 
:": ~,~,' ... ;.' "~' .. .:,<' ".: 

...... -

f .: 

: .' .. ' ~ ,:" .. , -., . .. . ' 

If the ~ro~ghriess is notthe':same>'p~:::¥he ,'s~4~:?';;'~,B~<;'<:/:" ;:,-; 
• Or'" <.' '.::'<.\. "': i~ . ,': .. ' •.•. : 1'_': ", 

the bottom, as ,is:the' casef~r-a;;~tr-ds~".'::,~,e9:f~.~'ii,:p'1:::a<,n§t~:{.: 
a1 rivei~, \'le can seperate, this ~6~gl~~e~~,_"~rito'::'tw?aft~~:::,>' " 

.. ;" .; ..... , ., ~ 

H. Einstein, a.S; : ';":" ," 

."' . " .. ;, "',,- . '.~, :'.~::: :....: . ':.-
, .: .. . ';. _.~ \. f.':, • 

U'; = Fricti onyei,oci tydue, to sand,pa;~i ¢lei':r-ougl:tness, 

= . Fr1c t1o~ ve~b~1~; due to . s"ndft;1;~~~tc~~I>ec'>?h~i.,"5 Uti 

''* 
. "teript1.c ' ,,}~,-" , ,', 

. : '.,·r . ";' : 

TJ~' ,'.'=J gR' j~" 

8quaring\lle~ g~t:',·: 

,.. " '2' ' '2 
, U ..... ':, U' 

7\' *' 
,~, ,:U".:" ' 
", ,,-It 

,where' : 

R': Hyqraulic 'radius due 
. : " :;" 

Rtl : lI;jrdr?,u11,:c-,radlus dv.eto 
, , 

Therefore : 

::' •• > 

. '" 
,,',' 

1:1, " ,~ R • + " ,Rtt ',,' 

. Xet the ~~o~e r:l~tt?n •. d?~~;>~~t>f~Jclt;~rr;~~;i~~~·.':" >,. , 
ore-tory 'cpanne);s ',(:inc1udlng"th~:'9ne:,i:n,,:'~:p;9l1,::'::the~}~xp~:ri~::: 

. men t~of ,.this'.w"r~,~~~,ebeen~?f~~c;.~~~~~:;~~;,.,s,{,~~~,~~t;;;i~,;~;,!;;" 
, 'not ,cover,ed'With, san.d: .. )J;'h~ref6re ;:,',tbe 's'1;q,ep' '$l.nd:,"the ':'bott:om,·';o,:;.<:, 

. h~v e ·diff eren t."rQUghrie~.$es i.Deh~i;~,,~~tJ;.~~~~~~t~if~~il'ir;~~I;~; 
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.'" . ~Y·'··':;"·£-";:"·"v 

}~'~~~;:'i~h:';; 
", -". 

, ."\ ',: ~ . ~ 

bottom al1d, efoi' sides ~i.e·c~n write'. •. ,: 
' ... ,' .... "'1' 

-': " 

,U;t,'=/gRtJ· 
.. U!l.t· =./g. R

n
·•·. j" 1\ t, .. 

. ' Rt ' .. ~Rt "~_ ,lit' 

U' . 
'* 

- . ~ .~, 

.. , 

.where ks = Spec.til C heigpt' or,,~.~4l?~"j;~jt,:~~;:;~~c1) X.; 
corrcctlon'.factor· ; 

. ~.' 

x~. ;f(~r 
X = ~.f~s'· u;.) : 

\11.6V' 
,',., .-

. . 

Vanoni' gives 

-;'. 

. ',·t 

. ',: .~ 
• ~I • " • 

" " ;:: ... 1 • ':..; • • ~ ... 

,(1) Dr.1!11at. §e~tUr~" Ak,+m:']'Q~~l:er~#i:p_':,~~~k~~';si:'v¢:';:¥~{~::'::,:: 
. . ~"" , . ..' ' .... "". _ :"_" ~ ,;_.:..-·>,"~ ... 1._ ~.;. ," ,~" ~ "' •• ' .. _ • : •• ;: ••• (,~;': .\.~, _,:; • 

bikat l.'reknik }3lilten,No ::t sept'em,b~~, r:9f?'5'.:A:ri}t~ra,;·.'" ., 
. '.' .,,:' ,.,' "'.: ,~.,::,.; ,,' ',»." ;r'~\\;~::';"~~<:?:';,;;;~'i~':{',.".~,.,: 

".", .' ••• " '. • .' ," ~ ..... . • • : .. -: ~' •• ",.:._. ". ,~J A ~ •• 

.' .. i,I~~~)c,;,i~~flfl,,:{);:~";;:," 
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'ROBERT 'COLLEGE· GRADUATE:, SCHOOl :~-i:'~ 

",' B'E~Ei~i~TAN.~U,C>{;~::'~,.'::,:'~:':' 

. " .. 

'Bed Config.Ura.tl~ns,: 
,'of • "." 

,~. . ::'. ;. '-. --:; ';.;. 

, Hhe,n 

bed is: -i1 rst fie t 
, :..' " .'- '. :' , 
,bed 

can be "'divl~ed':1nto. six, :a.cc'ording'to:·'$'11'~~:::'geri~itrk'.'(~l;>:, ,-::', 

These·e.;~ "ir: th,e o~der' or: the"'f,6I'l~Wl~~I'i~>~,~j:;:"_ '. \~::,',t:;:')i':J.;('·":' ,;< :, /~;:~:/~, ; . . . .. . "' . . , . . :ti ... ';)Y ; . ,. . .....i,i,~;i;rF.):/:" .", .,.. .i",', 

" i; •. Hl PP~::n ~ it pPles.fo~ .• ' 'on' .• ~.;pp~~b~f,.,~~~\'t~~~:~rf~~~;i[%c0;~;}'\~~;[:' 
of' :''later is pot, changed, ei. ,no. wave~i"occu'r, ·ol').~~,the ,:wa1:±e,r'~·-'· -:' ',;,:: :', 

:- ~~~ •. :T. 

'A.:. 

'have: a. :different ." 
• +.'.<-

R,lppl'e 

Some . of' t.be:,~!iand 

st~eem~e::l::t:O:~mPln:th~re~t~:~d~'k~"~;~j{i~OI1:~~t~\.\,' 
. ween' ;.·'::::e ~::t:::d:::O: :::::!J!~~{:t~~l~~~~~e;~~J~tl";.""'" 

" , 
.':.". ' ,,' 

, 2 •. A~t,i!~lpp~es.:,<.-,:· 

, ". , •. AI1t1.~iPpi~s 'have ··t~e:s;~~cr~~t~\~~i!t0C,!j~.~;':~!;i··.'·' 
ripples~,,' bUi;;'a,rela,rger. '1~he~:the,:-bott9~:~:i$;,'cQve!'e9.:::~11th" . 

• an~.~,r.i~~i.es,_·~he:~, .1.:.'.a~ g:a~,::1,·0~5~a;~~,;t~}b~'~i?Rt;;6,e;:.,/",~: 
'; (1 );Dr.'· ,F'ue;t:§~nturk 'U Surl~\~De.~~lQPp,¢,'!!i~.ri~;., d;'~',:',+a.';:,R~~lj;~;~~n~·e,:." .... ":' 

,'. " .• ~~~!ri~i~i~~i~~~:;~,~~:D;i~(~!~j~[8~j~~1:j~~;~~~~:JJ:r~i~i,,;i';i:~'J. 
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'.' ;. '''.7-/~ ~\·:>;r~: ,:'0. ' 

.. ": I. , l.' .·o.~ ,,": 

);;.:'Dti:~es : ......• '. 
',::',' 

of ... rate:r ls:, cevered:·'by smalF·waveS., :,' " : .... , .. :' J.:".: . ; , .':.". ',' :-~' '., ;' 

. ' .. ":'. ".,:, '"'. ; ",' ,,':,'<~':/: ;:.~::>:",;~,;;,:~::, __ ,;:;"::,::'::",,,',>::,>:-<,;."~:.,"::"'> : d 
Dune:~f are rather ,.bi~dimens1 onal·:.:~, : .... ;:,·'"".:.'":0, :', .\." .' ,,:. ~ ~'~'''' ~ .. ~:'.~. :-- .1 

......... The motl on .of~uj,~s~~ci;~K~~:~~~~~~~~it~t~i~~t~~~~~X\jj:~f;;~j 
.Nest, of the part191~s 'In·jno~Aon-:~·is.::·})i:pi;id:e.cf :bY-_;f:c::,:\<;~:~1 

:," 

' .. '. .. , .. ':' . ,::.,:>·:·,::--;":\~;:.;,:,\;'r":::{::;'.~~~::':::'::~;,>:.:;,~i,('· " , . "'-""j 

sal tat1 on. :':,,, the.:s~di merit .trap;s.p0 rj;':'. i nbr¢$:se:$'~;O'c: ;':;:<', " 
-:". ."', . 

',. 'I'he, restst~nce:of 
. ," . " 

flowconditi ons.-·change •. ', ". < • 
. '. ' " )". '. ., . 

. '.' ,':', ""'/::!,:':<:, 
;" ~ . ' ',. ",.' I', .' .,.: 

:' 4 .Wash~put,.,~: ", ,. ',. ,,> . 
, ,.,,' ;': ,', 0:''''', " _, "'. 

'. ,'. 
j, .'," ':"'. ' ':: ...... :.~> . "' .... " 

5. . ~nti.4un ~.~; :',." ,", ,:,::.':.::: /~'c:;~~~~/::~:'~~~~\~,:::,~( : ~ ." /..':: \,;.: ~~: .;.:,-' 
':",:~·.";fh~~.;~e,.:~~~~:"to .su·pereri.tlc~1::!j~:lp,\i~'::w1th':l,4'·roUde;:;:»' 

" '.' ',.' ~:', ,:":/ :>: \'; f~'?~r::;' ',;·tt<:::·; ~::'{;.\":'::::'<'.:> .\';;~:J'/~';':.";!:::~ 
·,number'greater.:thEin·l, ·atid:;e:~:t:~.an'£idiin~e:i((~JproC:e:~ii':tng':J{:r61i1/:::·;'T 

... do~~~tr~I'~~~J~st~ea~: ';i~~~~~';#f~~t(f*%.>z~~#;¥[~~~;'!~~.;> 
strOng' \'laves.; 1lost·, gr'alns ,;tra:vel·"by}s·aitat.i()n~,~arid':."sc5iiie~:· 

i/,~(}':~l'~~'~ ~o~ ; .... .... , .... ; .:.: f';';;'!.},:L;'.,,~,·:.'.:.L.~,.:.:,(>.'''· :"., •. 

6. ' • .. 

. ' ';' ,~:. > ~, ' 

. ' ~." : .:' .... ,1' •• ,. :' ~ - -~ • 

. . , .. ' . ~ 
b tt ' h -- .' 1 ' .. ' :. ',- ~~.'( '. o orne anne s. ..'0::,:',' ;;,,:;:}.':,.:::"~:;:>::~;:iX "",.,,- , 

.. . ........• Th\ tiritof the.:e.(\~~,t~~~~t~ij;f~#lr,l~~~~~:~~';Li~~~·:j 
.. dun~s· .have ;'been. ,related, :to. ¢$.c.h,;otl1er::'bY4;··Fi.v;;I.:t·;~entUrk:,+h·<~.,;~:.:;'::~; 

. . ...•..... '.,: . ....'. .. >. '~'. ?:'~1~~j~~;,t";;'~\s;:I:,1*;~'j,'~"";1j"[:iI}~! 
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'<,<' a'EB.EK. ~srA~~gL'~"':\},,:~:,?~>,::, 
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2. In, uhifor~:fio~ ,', the 
',~ .. ' 

force causing: the f19w"im1st 

Wt: 'unit::'~4eightof ., , ", ,- ~: ': ' 

./-
'-,;, ' 

'A 

.. ', ~ 

Then : 

'U'" 
_:.' " ~ " ., . ,::( '. ' 

l'lhlchls 'the,,'Pl?,ezy 

',,' '-

• • 
',', : 

'J" ' 

",\ -
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('in British Urtits 
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In ,1897' F'rench 

where .: 

m 1s a"roughness 
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" Pr~rid tl~ S>.l.11 xing::Leng"th:: 
. ' .. "", .".. 

'. ",,' 

, , 
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momen:Win' lli; 'to, ,x. 

-lump' from~( y::, '-I), 
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THESIS 
~6BErH COLLEGE', GRADUATESCHOO~ 

. SEBEK' .ISTANS·Ul' 

' •• 1 

'It follol'lS. 'f,rom,; 

'lumps'whlch a!l'i;~'~,~t'jfiyer 

, . 

values,' 1 t .. ~ s 

tempOl'al,'ava~age:;and :;, 
, , 

.. "" '",. 

c,1 tiT I: lVi" . 
where: o <c,o(( I 

"" , 

" 
'Combin~nK(2) and: (3), we,'get: ',', 

;' ", ; " : ." ........ ',- : /'2 ~ '~": ::;~:§,~,\~;-:~".":,,, 
u .,,:1",," :' ... :constant x' 1:, (duidyl" :"";::",: ,;.'; 

. or su bstiMing.~e .collstant'ipth~Xl"l*t€~?"i~rig#~;.:.{! 
, '. """<'2 c:"" :2 ',' '·' .. co' ,.",,":' ";::;';,':".:, urvr ' =;;';\1 (.du!dy) <:\".<.: .,,' ,,,'. 

, . ',.' " . " ' ,::~" . .., .1 

.' which gi vesthe 'sh~al'in'g stress ,a·s,;5j,~,;/~:!'/;}::~)::':~:t.~1 
. ,,"~ ~j'12 (~u/dY)?' :1 

, !' .. : ," 

.'.\ 

" . 

: Ve lOCi ty Iii strlbu tion . '{n p'rand tit s 
c-, 

.. '.-.:,; 

Expr,essing .. rthe,~hear.·. 

it:l (du/dY) 

i'le ,cart define': ,," ~")'::~:").<':' " ·.c·' 

u~=tj- -F ~. .. .F"l~~t.~~I~~i#~r .. :g!:iIi~~ . .< 

Assuming'~ a ,Channel· :wi,dth··.·2h.,:wit1i,:~p~:.~x:<.i\Xi$':,i:j..t.···th~,., .<:~~.:;:'.,'. 
. . :', '",". . '.' .... ," ,;'::;:;{ ;.;;;:,." :~::.,_':. \'~:,~:., ?,:,,::::~,.J:;;,::>.;::',,': : 

.middle and 'coordinate y ,being meas·ured,~:rr9~:'t!r~;J.at,'ta~·J1;.·,··,~~d\/~~:;.:;";: 

served, thatsinc.e· 
".. " 

as .~ , ,'" 
': :'" '.:,.' .... 

j 
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SEBEK,ISTANBUL .' '>: -. .·.J'AGE'27: 
.' . '-.'., 

.: ..... 
, ... ' 

< • '.~ • 

:"', ".' 

- . ~ . .' -' - , .... ' 

, .. ~;~ ~" .,y' /h' .... vo ". " , ' ... 

;'" ' 

, .... : . ,", , .':-

wi th 'LO = ,stress at the ~'1a11 

Therefore· : 
" . 

"':. 

: '.' "';',', 
~ .. " 

(~/ i ~ ~. ,( du/fly) J ~I t.. ',; :",~~V;c), . ····:~}9)·'·>~:'; 
• ' • : : '" ,':. : ". c .: ~ 

Introducing .~n. empirical diniens~~~les~'::c~h~~~n·~li~;· " 
. " "~: ~ \.',:¥-., ' , 

Von Karmannraadean ,assumpti6n that: . ;., ' .. '. . :,,~":':. 
. . . . . . , ", ~ . . 

.. 
Qntheothe'r hartcl.,Prand tl' .asstl,llies 

.. '-:: 
bet~leenthe mi()Gfbi length and ,the wa.ii~'>ri~.~; ;f,· ',the w~ll,~ . 

,~ , ..... ~~",' 
", '. ~ ;. 

so that. ~ , ,: .' . 
':,: ' .. , 

1 : ky ,',; . (10') . 
. ,;, .. ' '/" . 

. then· : 

'N' . 2;2 (d'u/dy) 2 
", " ," ." 

.. , 
' .. '. '..,-.• u: fk .Y 

1-There k· is'· to • b~;dete.rmined .experiment~iiYt'~:'a~d,.we .'~~;t~');.,,; 
.. (dU/dyr~;U~o/k.Y: . - ,r' 

~ :' 

¥ ~ • • • • , ..... 

Integrating eq~ati9n .11 : ~; ~- '. ..", 

'.v· • 

-;'.' 

. ',,'. (12) .', : 
,~. " . 

Solving f.or UfU ii',: ' ., ." 
. , .. 0 .. ,.' ;: .... , ,",. .; 

U!U*o =(l/k) lnY' ."c', '- '. " 

. '" " 

where C is 1;0 be d~term1ned from'the':'~oJndb:~i coridittoris';~ . 
. , . '!" "'.~ - ' ' . : 

, prandtlin~r~duces~noth~ra:s'~~m~t;1:o~<~~,:.\=zo:t 
equ~t'i,?n (IT),'can' be,.written,~s:',:~:.< .. ".,<'-: ". then 

~., ". 

• ,",t". 

" :.' 

.. 
: ",' 

',t. 
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ROBERT COLLEGE PRADUAT~ SCHOO!;"'" 

" SEBEK ,ISTANBUL' . ' , ' . 
• '. i. ' ~' ... 

. "" ," . :' 
",:, ' 

but at . Y :-h ,·u. '-U' . 
'''!': max ,~ Therefore : 

.," .. 

where': , ;-, 

i ~"':' 

" Y is' tl'le distance'from, the .l'lall.Th:fs,Lis.thetinlverslal ',ia,,/' 
• • -, • ~ '.! .' 

of Prandtl,veloci tydistribut:ton,. 
" ",' '". . " " .' . :".,. 

,U' ~--I" '.,v,·"r __ ' '. ' , , , 

, U-to . ~k In. 'Yo' , ',., :.:-'; , ,;.','",; :J 14)~, 
, ,.' /' .. ',',; ..... :.': .... ~.-~ : .. ~".: . .'., .... :-:,~.\ 

To det,erm1ne: trhe oonstantof~ :~nt!~gtat~on~':, f.~:()lIl;,U=O'~:' 
.. ., . '.·i . "'~';' . " ',..,. - , 

at Yo from thewaII 

natllr,e: ofthe,·wali'. 

we see that y. ,'is' irif:lu~nc~d' by-',the '. 
'. ' .' " "~ -::,,:'::.:.:',', ::,,:<:: :\'"';,, ... :::',';.";: ',;: 

Theli t rea tfng 'ea~n\ca:s'e ~'epe ra:.t e.lY~·'c.f.·. 
, ",~ . '_ '.~: .. " :.', ':::':.':"r "':.?;:' .. ,.:-.. ,' .. ' ~ .. 

cf-or. a'smOoth,wall:=. . . ..."" ,.>". . 
..•. Yo is· of t~e. order of'· the;"'~~~t~~~~fi~;i"~lnar 

subla:yer~ By'di~ensl0nal analysf's::;i(,j:).e.t:x· . . .. ,:' 

Y,o = m-v/U';' .• ,. 
.*0, 

, .. m ='U*~ Yoll" 
" ", ," 

, ~ '.,' .... '. -",' 

or 

- " ',: "\" ,".~ •• : •. " l ',' , .. , ~ -' '.:. '." 

.,'.' 

',:' -," ,: 

:,':.},' 

. wh,ere '" U~~. iS~~~'sh~ar' stres~"ri~a.~:;~tl\§':.~B:l:(.';,1.rl :~h~.ir,<:~f~:~-~:'·:· .,' 

tion :siricewe a~~, 'ne~r the ·wa:"'l :we.' sh&,il us~e' U.{ 'in~t'ead ... ... ;, 
" ~ " > • ~~". " ,', >": . . .', 

of U
40

" •. ~' .., ".: : .;, . ':<., . '" ; 
.. m:: U ~y/ 'V." . " .',.(15)· 

... ": ........ ~' : .:.:' .:', ,. "'::.:.;' .. : .... '.' ,..... .. ,./.,':.';:,~;,., 
I'his.· is.'usuallY.' ct:ille4 ,the :.redu6ed',Re~pol~~S.,·,l:'t\1m'8e.f·~ .. in · .. f.irs 

",' ,.... ", ( .',~ ';. ¥ '".. " ' 

d"~fined 'b; ·Vori·:K$.rmann ... l~···· ~·'·:.charac~~~~~~i:~i:·ot:;.;\~»e'. t'i~~ns.l.~ . 

. t10;'"e~W~e;~ami;'a;~~cJ,·.t\lr"ui.;,n ~.'r~~~~~~~"st.i.t~~.<!?~6·. 
. :' ,,' . 'r _ .-,'... .. '>'~':'\: " 
•. f. '.' _. 

'.;', . 
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,'~ROBERTCOl~EGE, GRA[llJAje 'SC'~~OL'. 
'. ~; 

, , ., , 'BEBEK ,iSTANBUL<' ....... ' 

. . .. , 

itsvai'ue' lnequation' lJv. " ~lege't,f 
. '". 

, . , '.' ~, :' .. "" 

. u/u .. = 1/k (In y' -In mtr.=l ':<',rsf(ilkfl~';;~ .; ... ' ... 
where : , : 

as, = (l/k) In' l/in . . ~ . . ') ',.', '. 

, - '.: .... ':. 

, :,Niimradse' s experiment showedthatki~:i'~pprox~'~:~o:~4p.' 
.~,:., ',' .... . '.' '.': .. ' =. ~"~,,,~' ," .. , ":;j~,;.~~~';~";'! .':: ~~'. ~''' .. , 

: . ': ' ' .' .~ . 

Then', : . ' •• '. .~.. f','· :~. 
.,' , ,...', ,-; .. , :':'" 

'" .. ,. . i :.. . ... ' "< ~. ': : .. " 

. IT ~ ,=a ,+ ,b3Q ' 1'" yUir' ~'~':a:,~~'5'~75"log; 'LV~':'(18} ,' .. , 
" U~' ': ,$, '0.40'" ~ ~,g ':T, ,: ' ; : ,'; :' ~ ;,0",,: :;: '" /'!'",V, ,:,t,:: ': ';':<,: ", 

':".;.', . 

as maybe useA,~to:co~pu1;,e" th~ ,~~i~'~:'~/'t,h,ci:};1"C.'tl0ri':~i~'n~tri~":;:,· 
, m'=,~~k~~ , .":, "",'" ',," '," ".'.\.',y.t~) t' " 

, "f, ,~~. ","" -.,r_.r :'., 
. " .~ :,: ~ 

:'., . ..', .' . 
. "': ,~. '~ 

" ',. , ... ' 
:. I.,':.' 

,jL.:·~ 5,'5:+ 5. 75 loi::lQ.~' 
U1t:" , ','" '" 

. "', " , ~, '. . 

'~lhich ls, ~~lid"f6r;CirCui9.r p'ipes ,~iih':~'s~ooth. wails~ X'~t ", 

, ,'it has::'be'en'sh~wri:bY: ~ah~;' AkS~y~:t~~t:~.~h'~,~;~s~""~f\ '·~;:~c~i~;:,'.';'· 
. . ..., '.'.:. .. .. '., " .," .' . ~' .: - ..... ~ , '.. '. . . ... " '.'. .;,' - .' " -

. :~:eth:o:::~;:'~~a:Pl:}:::::l;r::~{t!~~;t~:x:~!~:~:~t~:_, .•..... 
. '.' 

m~nati6n Of the 'r6ughness,'coefficte'nt::'n":Ei.;e :,much 'l£trgl!'!T,',." . . ' :. ~ .... , .. '~ ~<.: J' '.' '. '. 1. ." ' .• 

. than+,his'! 4"%~"(;r)"~,'''' ., "'. ",,": ,"':':.:' , 
,"", ''-"._ ,:_,:1 . , J. 

.... 
, ~ . . .' 

. -, .. ~ . ~ -' :. 
__ .......... ' ~_ ....... ~~ ___ :,.......-¥ 'u, -: .-~~. ."" ':=7=4~' ~'.. '.' . 

,.( 1) ;Kenlegari'l n,A91k"'l{~nallar:I!iz;'tQ:t-~#lti,)i~*~~,nd~:'~if' ".' " 
, Ele~tlr~e''Ve'BUtUn Enine Kes1:tler,I;<t:ln',~It1~t~rek,.:BirH~z':, .', 
IfadeslriIn::,,', Ku'll.anl.lmas1na:,:Da,1r,"Tekl1:f .. \,j,,';/D.S,!;I·:Ar?-§'~: 

, t1rD1~ Da~resi.B§k·.Rap.C)r"'~~h~. iH1~33~:::; ,.' ,. ,,' , , ',,",;::<, 
> :<"<' I .' 

. : . ~ ',' . 

'.,.¥, 

, ";' .. 
... 

, " ~ .... 
" .,-. 

,'.' , 

, -.~. :-;;' .. - ,:" . 
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~ . ~', ' . .. . .. , '. . "~;' , , .": '.-
. " .' .. ~ 

>.-' ; , ... 
Combining· (:18) wfth;,X19).: .' ..... 

,: ~- ': ~ : '.; :'" " 

'".',,' '. 

as:, '.s.,7S1og'.(1/m):·= ,5'.S,i?". ~~h~'~~:·k~,.~.~o::,?+q.,:'.> 
.. 'm '. • -_' "e.'~~o; 96';, :. .,,' ',. .',: 

;., .. , 

. ,-," 

..... 
m .:; 1/9.2'~' ii9,. . 

F'rom Eq. J15J·.:· 

',! .. 

, ', .. 
; , . .- "', " ; '., ~ .. ".' .. 

." .; '.' .. J' ;'.~. ~" . ' .• _ • .' - .... ; .,.: .' '-'" ~. " 
" , . .'.,:- ~ . " 

.: '-;. . ,,:, .':','.. :,1 

Only di.ff,er~rice ·ls1nthe~o~ghrie~:~>heJght.:::Th~r!+',;<,,·i 
. fore again introduci.~g k, aS~d'1·men-E3~:oria.?-~:':e~~i.tY;.Jinieri~~" ~ .• ' .' ." ': 

1 ~ .' '. ~ t., .'. ".' . ~ . : : .,' ,'.. : .' ~ 

sional . analyses, ,gives' , : .. ' , .... ',. ':." .' .. ' •. " ,. :1 
.,' ~ .F< : " _ . {. " f." j , '. .:.1 

, 'j 

, . .' ", ~ '- ' '. 

' .. Follcmingthes~~e p.rocedure for~he"smo6th::w:ait> case':': .... 

~/u"-=(i/k) In (y/~o) = (l/k)'i~.~ij .. i\l'· I, .. ' ". 

,." i ... " 

. ',.:' ' .. : ,,:. ':., §(.kU~/y), ,' . 

. Jl/U~ .' = (Ilk) I~( yU;ly ) ~( 1/l<)i~'f~Hti.i)g)','(21~;{/ 
. . wri ti ng' ( 2 i) a:s: ' , , ~;' , ' ..... 

','constant • f,' 

' .. 

U·'. - U·' .:.... '11" '·U":-· ...... ~ :, -*.' 
*~,.*o·. . .... 

.', 

-. ,":'. 

, 1 

'. I , 

as: (-l/k)ln f (!(u~lv).-
, ... ,:;- .' i 

f(kU-lt/v) : ~~-~lir',> 
> j 

, ... , . 
. ,", ' 

.'."', 

~. ".' 

'I '>,: j 
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ROBERT COLLEGE\GRADUATE 'stHobL' ; 
"';. . 'BEBEK'~:ISTANBI:IL': .' ":;".;' 

" .. > c, ~: '. '. 

, . . . 

.' '.; 

'.'~ . '. ".". 

. '" ' 
. ',.,"',' •. ~ •. ,' '.~' .• ..:. ." ~ r 

'. :1', can only /be' qeterni1rled ': e~p~~im~nt~il'~·':61hci,:·'9ij,c~"·'agai£,~·: 'i' 

it l-rill be ~ecessary to';etu~·:t:O'·,N~~r~d·se~~:.f~~·~~~ ex'~~.· : 
'- :' ~'. ' . ~ ~:.. .. '" .-: ..... ~: .. ,': , ... ~: ; . 

periments ,f..orthe'interp:fQ;~~~i~,,6/fi"~i~~fiids~tn.hi:~>~'X:":· 

. periment.usedsand~i t~~ni;or;~~~n;;~.i~e~;~'ld:c~~~e{t .• ; ......... ; .. 
the cUameter of· the . pipesancl;the-'·~and·'pa.:rt1cles. <:'<.: .. ( .... ".; .... '. '.' .', ".,.' " ", .. ' : ,-: .::'-::':.:': .~ ,,:.: ~""~>'~.,~ ~\ "i"~ .' ::;',,~ ::: ,~', :.>.~,"'.~':, . ,-.; ',:<: ':::' '. ~'. ,': ·~~.r·· 

An analysis ·of.·N·1lruiadse' s::~'xperlni'e~ts(~hOif;tis::~ht~t, " ,. 

: ;ko · ij .. /0' L 3.63;· ai, Is tnde~e~den 109;{f).;~~li i~o~sta.l)t.; .. 
,~t 5.5. 'But. 5 .. 5 wasmeasur,ed. for:~moot;L·'Ptp~s.:~··>.Thls:roee,ns<.,,'.:> 

''',','' _ .. '.:;:':' :.'" ,'- ,~. '" ,'. ::~.: >".:,,~,,:~::_~~.:':.,;_:;.; .. ' ....... :'~ .:~'., .':~)·r·' ',:.<" 

that equei. tiol'} (19)1&, valid for' rough ,pipes., '~·::too." i:.~ • .:i- .. tj;tl!!· . 

boundry. layer fs thick :a~dc:6vers':~~e:'fo~~hrie:$~~e$'~':':" . ,,' . 
:; -' " .. ~ . ~ :.:.' 

authors.' . 

. :~ .. 
. kq~/~~:68~70·.·, . 

.:! .. .... ' . ~ .. , ' . . .• ' :-:;: 

a":' '8.~5 . ~'. 2~ 5· In(ku~jvl:,:' 
.', r,'. .... .,.... S : ..... < .. ,.~ 

' .. a"~Et • .5 , ... :·5'" 7 5 log"(ku/"r'" 
. r:: . .... . . .: ...... " ' 

Then it'rbl16w8 that,'·: '. '" .. :.>::} 
". '.u/U*ca: +:. 5 ~75iog( ylJ*I-V) \, ,::, ":.', ".',.' ':','. 

".:' "'.1:' " ...... ' ." .. ''': , .... ,:'. ,'., .... '.:". .' .': .. 
'Jj/U~:: 8 ~5·~,5. 75 .1()g(¥,tJ;,/"1.:+~:;?':"75.1og,'~(Y~P·.tIP} . "».:,, .. , 
:AJ./~~ ~.8. 5, +. .. ~.?, .'ZS'10g·:. {y/k) ,.:::;:·:·:' .. :~';~~,~.:>i··"':··: :,i·:'··' ·· .. (24)\.<.',·;:: ':. 

Thisls:' the V~loc1 ty ·distribution.fC>r::t~~:·:.r~ough.·pi·pe·sx+·:· ,:. .. 

A rela 1;1 on may· Detp~n&1 f equa tf(mi~4li~>wri1;t!'n'~si:: ... ~.",< . 

. .. : . ·~/u~.=:.ar·+;;:5.7 5 .10g .. ~ ~u*(v.r~.",:::-'.;:,.:<;:.:., .. : .. \: .... ,:.,. :.:,':;; t.... ..:~',;:: . 
. ' '. It:, ts· ·theria func ti9h ·.0.1' ':r;~d~ce~l"~~,R~Yllo,ld's);riimb~.r ;; :: 

:. and same· f.~rIRaS~lIe .qU,,1;1~!lf(}~."!D"f{r%)iP&s.~~i,,:iA6~<;· 
.. f,or very'wlde ~pe~ 'channels·;:·-.6.2~' ror,·'~,s.:u~~:'.o12en "cha;rmel,s., . 

, " ' ..' ""'~_' "', "":'<~>~:::~~/!>:.'.}:':"'~' .. , ,;: i,: .. ~:~:'L 

•.... :<.;:,",:::\'.:'::::>., 
.. : ~'~.:~·;:;-::+J,-,:··:>'t,:.::~.,: 
,,-'.-
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. .. B~BEK:I~TA~BUL', .'.;:,':.:\i;C«· > 
'~ .. < • .; ,,: ".'" ".1 -:;", . .:.~. ". ~.' 

'",",. "',' 

, '. 
, .... : . 

. :.' 

" ~:.~, ; .. ". '.~) : 

," ." 

.; ~'" 

' .. 

In any ,~;'p'e"p( exp~~imep~a::i:\#~~k::~()~~:':~s~umption~" 
has 'to' bemad~in.drder.totde:'ai;z'e,.·£~~:,:c~:se·.:.~t:.h,fm4~' .. T~e . ; " ....... ,j 
mostfam?us of, thi,S. type' of. i1ts'Sumptfb~~y.1.~piY1ng·to.'tbe;.'·!·.:>':.'}) 
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chan~elbY' i~s:elf.·:: ' . "'«:.: 
"," . " ; - . " ; ".... ...., ,'.: -;" 

J. ..' The 'avar~ge ve~oci ty and .~he energy. Si.lope' -rn-::~he' "'.: 
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. :,j- ~ " •.. ,~- ,,;;. ".~. <:~"" '., .... , ; '. 
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.:It is' n'oi;' poss1 ble' to. 'ob'taI:h' ,uhI'fo~m' 'flow "in"n'at'urstl' ..... 
" •• : • , " : '.,' _ ~,;. ''', ,"',.' "',:~ ': ;.:_~:; - ~ t. ~ ~ 

. movable bed ch~nnels .where, Q ~hanges cons.ta~tlj~· .ye't ,:it 1~ .:~~, 
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". " • '!.".­
.-,.,",": :R~~ 

le.t· Uf::' consider a rectangular 'flume :wi:th"sapd's,s 'bedmate+,';:-'.-::";::"2 Y
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. /rie.J.an(ta~i6w Q. :. Slnce',.the: -he;d': ~i-ii-:~~':';,i~tf"t~ ·st~~t,·;··.>\:»L~:~(.':/-,?: 
.. ; : ' ... _' ':; ,:., .. :.';,>_: ". : ...... -. ;'" ..• ,>:':: :';'-:;~\::'>:i.:;:i,:-r.-'::< :.',.;':;>:;'l::>"~'.~: 
. ':w1 th, the in1'.tialveloci tywill :be h1:gh.·:Theref~or;e,:';cdr..;~· 

• _ ,"" -' " ~. . .. . ~', . , 'r"~ • ,. '. • ,,' '. .' ;... .. :.. ," 

respotldlj1g de'p1:;hs· wIll be' smail ~ B~t;t;;,hfS. ,ve~ocI~'i' ... :> .. ' 

soon chinge the base, to ripPl~s~r:;:"c1~d~i·:·d~;~e~a1.~~ on, 
. . . . ", ": " . ..: '., . . . . .: . . .. , _; .. ,. .: ..... < "'.:'~'" ~i. . ..•• ": ;,'. :~.:'. 

flb~T:'~haracterfstlcs. 'yet to th1s"n~\>I·:rbUghIleS$':wlth'. 

" riPPles,; wIll. ·Mr~esponda"~tl:~~r.,~~J.~g~;;~d!l~tor;Ei~ '.it" 
depths ',P;s,s"on 28 the : ;~16ci 1;~~t2,~~(ir~,~~~rT~s'e'.+Jl~\. 
the heights increa'se,- a pew, ,base cb!lf~'~ra.tiop, ~1).1 c.o:r~: .. ,. 

r,espond·"t'O··.th~s'veloclty:;e:~d~'tiot:,'~o'~··t~~>'~a,:rl'~'~~(~lip~le~"':~:: 
'Therefo're ,','~'h~riP~ies~i~l,"'~h~n~~ ;':':~'9;;~'(~~k.~~·;:if~~·;f~~. " 

"the yelo~it; .Th~~~f~·r~, ·'\~1.;s:os~m~tA~h::;(i:o~l'i~~}, wilt. :,",:<::" , 
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, ' .s,Fr(ff ': 6.25 + 5:.7':5 109',':<'R,(ks )''':'' 1;; "'" " 

, . ,', " ,':, ' ': ,6 .!i5 .. ..? 7 5 ' 198' ',< RtUv r\ "5 .,:~,~'\ioi fit, u/v)-' -- (2:)"-

;.paper, 

tUrk in twodi'f.ferent 
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as fol16w~':: (2}.:',,:,<:.,:,· 
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~'~cti6nI : ,B6ttb~,Rorighn~~~',:k1~'cre~sing" f.:' 
• ,<'.'.. ,:';. ' , " , .;:' . ,', ., . .',' ,,:,' ". '. ", ': 

. " " .~, ~~', .".. \.: .~':; ;' '., :.~::,'J"'; . '.'1' -;;."-: ... 

Phase~' I: Sta.!,",t of the in~rea,~e in the, bO,ttom:,roughness' :::~ 

starting' '''1:1 th' a flat pC?tt01l1' '~pd,,:a ,:&~ve~i 'i; ~:,~~,~;' '~'~ii':,' ": 
tom will '~10l1lY be ".covered" wi th' bed "C'O~f~:gur~ti:6~~'~'~'DU~~"'-" ,< 
the. short ti.ln';inth~s. covering; ~h~fl~W::Wl11~~~·b~:a~ie· ; .... "; 
,to react ,as, fast 'due 'to"its,inertia. Th'tit'.is,',k "';:111 l~C:':" .. ,'":, ' 
. ". -' S,' "" ' 

, reaS~~hlie ,R' '~il1,:re~ain:the'?a~e .~Th~·ief:6'fe"d~~,,:,t:o,': ~/~' ':~",,':;',' 
" '. "., .. ,.,', ,:,.", .. ,.,:" <, ,'';:l:'::>,'~' . " '.":>:'<';~ ',",. 
SFr/~ 'wili' d~~rease bY.a ve,ry , Slnt;tJI::~,~ount. , '-':', :'-"; ';,,'" 

" ':', , ~ince Ii '1s 'q'onstant~ '-"S~r~" '.0cA,rg1iL,::, ,~611S'tari~: " 

1 nwhich .. A . shO~IS<. th~w~~te~ ~ro~;si~~t~~.;,t;ai~~'~FgV:<j\ .. 
'6an 'incr.e~u~e"':~:mi;"'ifH'·lS yerYt';?S~~~~,~ .. '~wn~,,;,;9ons,ldering'\, ',:" 

';:' :,'.: 
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that H= C .ji~C~~aSill~ alldkc~'cl;.fFf~~:~,~~"b~e!)<' . >, 

..... ~t!*lv. ,. u *: ~ ..... 'al:dJt~,u~/V ' .. tlti;1.:,inyreeis~ .. s:i~·gHt~y.;. 

'j!s .. ' var~a ti~~"h11e){#cc"~,,Q~,c;'e;~~;i~i~~d~l1d .. ' • 

in 'practice .. both j ~at1d ~:R.1ricre~~e.;'To·.get'::i;·,~o·rI'e.c.t;:·1hterp~. 
',:." ',' . :.:. ; '~:. ,::.;; ..... \ : ... ~~~,:{~:~~:'.~'~.~ .. _~:~,' ..... _>,: ; .. >.:.'.~~"/:'~~,.\4~:_.::./; ... :~.' ;,~', ,' .. :" 

. retatfori,bdth' R andj..hasto .be a.cc~pted' .. to· stary .. c.ha11ging .' " ., 
','".;~ ':;!-,'. ~~., '. ,.' ~·-".t·.~ .., 

at the·s~~etime. ~/"'. :. ' 

'Phase II '. ;"VJh~n ~t~e:: bec1r~tig~;ess.,: iH~r¢;.c~;.ic.i~~~;i?i:'\~ll~'; 
". " .. \ " .. .. ~ . 

.:: ,: . 
"" '. " , average valu'e 

- .. " 

. Here~~; j ,U" .<ks !JJ~, ~u .. <.J;,;:~~#)'~.~l~Sf:,~~in¥ ~> · · 
'R has a] so started to increi3.~e' wi'th a 'Chase: la'gf b~lt since 

.. ',' "". t .. ' .: .,,~'., :.~ .. : ... '.'.;;:_ .. 1'" ',., , .'::' ~~ 

.k . 1ncreasesf~u3ter thah, R', R/k .de·~:ra;k~~;·(t}~e:::;;e.i6ci t·Y·:P.f·~ .... ' 
's ',..... :. .., '. ....•.. '; s .~ '.,:<,>);:::.~::.:>::.:',_" '.' '." ,,: ;. •. ": . 
, this decrease start's ,from:O andreaches.:·tJle:ava:r~ge v~locj. ty. -m. 

. ..' Iii ththe small Increas(inRi~Fr,~~,!-;;'~d~~J.ea~lng; " .....••.... 

Since .. R/l{·:"d~·Crea's~~ ~li th . ~m,"~e'lOc~ t~.~· .:~;;.:;d?~S~:':?F~!d,,; ~.;" . 
, :. ,.' ,' .. "'8 .,..::. . . ',' 

Thi S .' meansthat,jli)crea •• SJ~lj;h '~,Dlveto~i\i::\j;:;'''~l~city 
be i~g,+m ~ u* . incie:~~€l::ve loci ~~(::~~i1.~ .. ':9.~:,:~~.:,?n .• ';Tl1,eref'()r.Y::i., .' 

• '. " , " •. ! .,;, ' .~: -, :-,~(:," 

• ',.1 '~ . . .' '. \ 
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kSW:V,~"svei~~~ltY':::willreaCh:( :f.m~x~l'··;,,:.~hiie-:RU*IVi~reacih·~ 
.es .( +ni)'. 'That' '~~,'7Poil~t'S'.2' ··a~~J,w{~1~b~,c'~epe:~t~d;,:4~~,:·t()'-',:~, 

:'.: 

thi~ veloc~ty' dl fference.... . 
',' 

;.-', ' 

'PhaseIIr .'.: Be4 ,r.~ughnessveloc;ft'y r~~chirig\a:': ma~1~tfni'v~iue (.: 
, " ' ' . - . ..'~'.', ' ; ,'- . , '.' "'. .': ~ .• " '. • i: _ ~ , , ,.' r ;:~. -

The'~diI'ier.ent· ,pai'a~et.e;~ 'af'fec't1~l1g'~he-:m6~i~~:~~~:-~'~e:~:',\ ' 
- .-.' ~." .," ".-:' .:: '.- .-,'.:: ... ' '.; ~':.' .', ',,' .,'~' -~; :"",;", .. " .. :, 

. Chal1g~~g",ln.the·~all1e. dlre~.tion.f3·'a~··ihp.h~~e·2'~'··,The ;}cha~'k~~ .... ,"". 
, . ,"': . '.' ,- .', ' .. ., ... ;./ . -'. 

".' " ~ .:. ~ :" . ,~',', . . ... ~ .. 

comes from ,the ve~o~fty:'6f e&v';l)pa.~~,~~t,~r'~,".<:'·'~ /;'.::'.,\ ~:': 
-:. ' '\- .'. \';~' . '. -' . .. :' .. , , 

St~, Ht s~ncrease~, v~locity.-, has: 'reached "1 ts a~ti!..r'e>g~ . 
: ',",<:, ;"., 't.· " 

value:~,,-

b.,' k' riac'ries its m~~1mU~ 'velo,~1 ~;'.' ~":'~,ti'i'» i'~c:'~::':,:' 
.' s, _,'" " ,.'" ,.'<".! ',~' s::,".': ',>,,;)\,:\:;'>'( ,.' 
,r;ease'sfasterthan R~';;: :"" ... 

c~ . Rela.t1've '. roug'hne's~'c6nt~~~~:~':t{ ~ec;e~~~{'#iCth' 
;;,. "",:. ~"',:"'. ',' " : '.' .. ': ... ~.~., ", ".<',',' ,~~."~~':.;.;~"i~"" : .... ~~ ..... ~ .. :,': . .:-'.,'<;(,~ ........ :.1_ .... ,,, 

(-m.>"' VeiOC1~Y. ,T~e!efOre, ·~;';IJ73T,',d:ec.reasel?:, 

:::~:~;~:::::e:::t:m2:t::;f~5::!f~~;~t;;~1!::t:':i;· . 
, '1n~re'ase~, it U*/1' r~ache'~t ts~~~~u~~~~~~~~~':~'· : --' 
" ',., : ", S "" ".-- . . c',:"""'::"":"" : '.. .'".,:' . .,.:" ,:,,":, .. .,.,: 
velocity' •• RU~/V is 'iricre,El:sing,t:~O()~bUt;' le~,~': than·: ;.. ! 

. :. 

, ;:, 

" - ' .. ;, 

~he p~evious' case. pOint;:4:,ShOlq~:, this :c.~se.', 
.' '.,"-

Phase IV:' stop ofthelbp.r~ase'of bed' r,Ol,tghrie~s, L, 
- • .' " • I., •• 

.',; ,-' \ 

, 
. , 

! 

. , ....... . 

, : R'~s;increitse. iscomrriing': to'a>::stop·:'w.'h1'ler6u'ghneflse~,,':., ,.' ,," 
" " '" ," _ ". ,,', ..... -:' ".~,:, ~ ': " ',:', ", :,:J,.:.':'~\ :::.,' 

has stoppe4 ~·'Therefore;, relati ve,rC?ughneS'~,'1~c~e~,~~~"v~.ry . 

. slightly,and . the~ed ~~UghneS;rOl~p~sth~:Sl~,,;e~i~/~f~~l!t . . .. 

increas e •• tn •. R . ~auses •. • .. SFr· •. ~.S •.• dec~e~s?·: ~"fZ(2~~;\~:~e~re:~~C:;;~;i,~it. 
:',. ,,'"z: 

'.," :.' 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK • ISTANBUL 
PAGE +0 

Since R increases slowly, j decrea~es with avarage velocity, 

and therefore the Reynold's IDlmbers. 

In Phase ), SR '.'ms increasing wi th n9ximu1"l velocl ty, 

and in Phase 4 was decreasin~wi~h th~ uv~rb~e veloclties~ 
\1hich means a return in the -'roughness CUlJove: 
This is under Section }-4. Checking Fip. 4-1, it can be seen 

that the dl'!crease velocl ty of t)1e Reynold t s numbers incr~ase 4 

Therefore, the slope of the curve increases. Once this slope 

reaches its valve in Phase ), it will r~verse and start dec-

reasing. The returning curve paS.3es throtle:h Foint 4. I f above 

this point the flow would gain ~nerFy,and if below this 

poirt will lose ~nergy. Yet no such state eXi~ta~ Therefore, 

the curve pa~ses through Point 4 .. POint 5 represents this case. -. ; 

Section II : Bed Ronghness k decreases: 

Phase V : Start of the decrea~~ in bed roughness 

In Section I, we studied the increase of the rough-

ness. Yet, now the new flow condition does. not satisfy the 

new roughness formed. Therefore! the rourhness will start to 

decrease. Since due to inertia in Section I the roughne~s 

(k). increased more than necessary. Ir. Secticn II, the flot'f 

will' modify the routhness. Phase V is the start of this new 

condl tion. Roughness starts decre~,s~.Y1li: ".hile R is yet constant. 

Since velocities are very smsLl, no seperate point has been 

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

the ones in Phase I. 
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Phases VI , VII, and VIII: The different flow conditions 

due to the decrease in roughness : 

These phases are symmetrical with phases II, III, 

PAGE 41 

. arid IV, and are sho\'ml'li th pOints 6, 7, and 8. At8, a 

complete loop has be~n formed. To reach an equilibrium for 

uniform flow, these loops wiil continue gettinp: srnallerand 

- smaller. It cannot yet be determined how many loops rlill be 

'. needed before the .-f10w takes its final uni form flow regime. 

F' 'ILl· Ig, or 

, ., 
, 
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":·(5) Influeric·e 'O'f l'llovabl,e' p'art'icl'es ... On' Resistance' Formulas 

The varlation of 'roughness of sediment laden stre­

ams is caused by t\'10, distinct processes. 

1 ) AppearlLY}.ce of dunes and bars on the baed '1hich may inc-
, , 

rease the roughness several times because of the, additi-

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 difficult to separete the two effects be­

use for streams in ''lhich a significant amount of b.ed rna ... 

terial' iscarri.ed in suspension, the t\'/O processes are al­

ways acting together, but v'tith differing relative effects. 

]'or example ,in a sediment carying stream flowing at high 

:' velocity over a fiat bed of sand , the friction factor, or 

roughness coefficient,vlill probably be lovler than that 

for a clear .flow over it fiXed bed bed of comparable grain 

roughness , because of tlie damping effect ef the suspended 

load. On the other hand, at a lower vol oci ty\d th light 

suspended 10,ad ,dunes may form, and the net result will 

be an increase in the friction factor over that for a fi­

xed flat bed of the same sand roughness. 

Before pointing out V. Vanoni t s (3)important work 

on the subject let us flr~t look at the classical approach. 

'fpe reasoning back of the, theory, of last century 

'I ' 

I 

,1 

1 
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started out by logically assuming the energy, head bet\'/ee); 

'the stations ona stream, is merely the difference .in ele .. 

vation bet\'/een the stations. It was then argued that this 

drop , or head loss, was used up in biO ways. 

1) In overcoming the hydraulic friction of the flo\", 

2) In transporting sediment. The more energy used in tr~ns-
'porting sediment, the less available to overcomefrictlon , , 

andvice, versa.According toChezy formula, the velocity of, 

a'stream is proportional to, the square ,root of the energy 

slope where the energy' slope is merely the loss of energy 
. . . . 

to overcome friction/unit ,length of stream.No\', , if a tur-

bid strewll uses part of ,the total available energy to trans­

port sedinlent,i t will have a smaller' energy slope and hen­

ce a smaller velocity than it would have ,if it carried 

no sediment.Thus, it v .... as concluded according to Chezy for­

lIiula a clear stream would flow faster than a comparable 

one carrying sedlment~ 

Vanoni points out that"Huch of the energy to trans-

port sediment comes from :the turbulance which itself resul­

ts from the eXpenditure of energy in overcoming the fric­

ti<;>n.Therefore this energy of turbulance is no longer ava­

ilable to overcome friction , and the 'fact that some of 
it is used to transport sediment should not necessarily 

affect dissipation of the main energy head~ A1 so apparent~ 

ly it was not recognized that the friction, or roughness. 

str'eams varies widely with 'load' 'facto~ of' sedimentliearing 
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-····"and·flO\;j·rate, and. that because of this the mean velocity 

can vary even without a.chnnge in energy gradient· or depth. 

'. 

G.K. Gilbert believed in theclasslcal approach too. 

In his famous flume eXperiments in sediment transportation 

expecting to' confirm the idea that a clear st1'eam nOVIS 

\'li th less resistance than a comparable loaded one. ,11 out 
. . 

of 16 pair~ he selected were to the contrary.As a restil t 

of the se data Gil bert VIas forced to ac1mid that the theory 

vias not supported and that there was probably some physi- . 

cal 1m'! which escaped hisana1ysi~ • 

. ' Experiments by v.Vanoni(3)in a flume \'/ith fixed, ar­

tificially roughened bed showed that a flo\'l . vii th suspended 

load had a smaller frictio:p. fact.or than a clear water flow 

of the same depth in the same channel. 

1.0 

lS.8gt'/lit. 

·o3L--..L---.....:-----~-----7' 

\J H/~e.c. 

Fig. 5 - 1 

The Fig. 5- - 1 above ShOVIS velocity pl'of11es at the. 

i 
1 
i 
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center .of a flume for~,two ,flo\I1S of the same si()pe : and depth, 

one with clear wa,ter and the other \-lith a mean concentrati­

.on (0 ) of 15.8 gr/lit of .lmm sediment. 

This shbwsthat the velociity proflie follo~s the Vbn 

Karmann logarithmic law.For two dimensional flo\'l,profile S .' 

can be expressed by! 

u - 11 + ~~ . + 2;?,~ 

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

u is the mean vel:oqi ty at the profile, ~ is the shear stress 

at the bed, p is the mass density of the fluid, d is the flm·; 

., dept , and k is the Von Karmann constant. 

The 'effect of the suspended sediment in reducing k , 

as indicated by fig. ,5 - lis a general one which occurs at 

all times in the laboratory as \'1911 as 'in the field.By add-' 

'. iIlg a sediment load to a flow the friction factor. is decre­

ased.Therelati ve mugni tude of t)le reduction in 'floiction 

fact.or seems to vary \'Ii th concentration, the values ,\'Ii th 

'high~st concentration producing the largest change.Though 

It appears that rate of change in bed friction factor \'lith 

c'oncentration decreases at high, villues of the concentra-

tion. 
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""-;(6)' comparison Between"The Resistanc-e ,Formulas' And "Their, 
Applications 

I, Manning's formula has a world wide application in 
;uniform' nows,i t is quite simple, to operate wi th,yet l t 

.is noteasy to apply. This is mainly: due to diffiC:ul ties in 
determining n '.nchanges 'readily from one' water, sta,ge 

tq another-, from ,one section of \-Jater to the next. There';" 

. fore the accuracy of the results to be obtained greatly 

depend on the 'correctdete!'lrilnationof ,n.Nany tables have, 

been given for n in the literature.Another new method 

?rieflygiven below~s' the' "lVlethod, of Determiningt-lann-:, 

, 1ng' S n by Veloci ty~1easurement" which seems to be a pro­
mi sing 1(lay of measuring n. 

For rough surfaces velocity distribution: 

U .: 

'depends on the roughness helghtwhich may be related to 

1-1 anning 's n. 

where: 

n =' 

d.( 31 ) 
1" "k 

(R/k)l/6 ' 
21.9 log(12.2R/k) 

--
~rhat is the roughness in terms of manning's n can be t e -

ken as a dqmlnating factor that effects the velocity dist-

xibution, as: 
n 

, ~ x-l, )yl/6 ," 
: • 7 8 ( x+. 95 ) 

" 

" , . This is the value of n for a \·Tide rough channel 

!tiith logarithmic velocity distribution.Experiments done 
; fa indicate such a relation but the data is noteno... , i .so r , • ' 
i 
'~h. 

The, Chezy Formula 
, U Ii clRj, 
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,. -p'l"esen:ts the" same typ'e of problerilfor efficieilt'applic-.- "'." 

ation to uniform flow,correct deterinination:6f:the c'oef~" 
flcient C. Among the attemts made to determine the ',Chazy 

. C, Kutters C (as disscussed before) is nlost.famons. Though 
it is hard to use due to its' good result yielding"e'harts 

have been' prepared to dete'rmine it graphically ,greatly re~ 

ducing the. ,work associated. . . 

BaZl'n t s 'c alming to the same' end is not as aecura- " 
"' - ~ , 

te as Kutters there foe' lsnot as \ddely used, though some 

European countries use it. 

The semi logarithmleformula 

'1!= Ao'· 5.7510g·f 
U.fo 

when applied wi th a correction factor(x as Einstein· calls 

it) becomes: 

where 

As was· sho\'I!i before, the' application of this formu-;' 

la gives quite good results. 
GeHl,erally it sho},lld be concluded that, since these 

formulas are either empirical or.semi empirical a theol'e ... 

tical comparison is not 
son should be made pn an 

culsted by the different 

actually possible.This. compari­
actual river, each quanti ty cal- . 

formulas and then comparedwlth 

the actual measurement results •. 
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" --"-':--{7:SY'-'interpratation" Of Experlment Results, 

From the experiments run in the rectangular flume 

in Devlet SU I§leri Laboratory i'n Ankara, (datatc> which 

is givE:n in the appendix ) som~ interesting relations' 
\'lere ' ob,talned. , 

In graph 7:: .. 1 Ht 'versus U/W 90' 1 s plotted;"lh~- , 
" -,rtt j , 

t re: 

Rt' is the hydraulic radius due to bottom 

Rt • , is the hydraulic, radius due to sand shape, roughrl:ess 
, j is the energy slope 

U' 1s the 'average velocity 

\'/90 is the sitting velocity of a D90 sand part,icle 

In the beginning of the. graph due to very smallfl-
0\,1.' enough points could not be obtalned,yet i tdistlnctly 

, ' ' 

sh()\l[s a decreaing trend. That is in this branch theimpbr-
• " - l ' 

tance of shape roughness is rapidly increasing. Therefore 

the value of the fraction Rt/R{' decreases.Thl,s corre8-' 

,ponds to the passage from, flat bed to bed coniigurations 

and siow formati ,n of ripples. 

Yet as 8.verage- velocity increases some of the sand 

particles move in saltation. This, as wssexpla1nedincon ... 
nection with Vanonits experiments decreases t-urbulance,the­

refore the 'apparent roughness.This decrease sho\'/5, itself" 

as 'a decrease::in the shape roughness.The decrease of t.he 
" ' 

shape roughness therefore the decrease, of the relatedhyd-

raulicradlus decreases R{' which lncreases the ratio of 

,( Rt /Rtt)', " 
, t, J. 

, -'Al-ound u/w gO = 6 there is asharp jump from ripples 

to dunes andeRt/TIt t) j suddenly decreases as d,unes fcn-m,and 

Rt t, gets important, suddenly. Yet at. the ;,eloci ti,es invi>l­

vee, more and more particles get into saltati'onand, some', 

t t t t · 1 in ,suspensionfancl,on,eagain.resulti~ ,the ::, __ ..:~ __ s ar_, o.rave . , 

i 
, , 

, 
i 
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decrease ot apparent roughness. This cau •• s the curve to 
turn upward • 

Fig. 'i - 1 
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de'crease"of "apparent -roughnes·s. This ca:use's" the-- curve'" to' 
turn upward. 

FIg. " - 1 

. ",'-, 

.. ! 



In figure 1-2 1 ratio 1. plettel 

av j 

froude number.The reaul. ... 01" th1a tiiU'e .1t"';"rJi#. 
to the ruul.t8 ot the tig1u"e tool.!M PI' __ ,;'.f, 

to ripplea.alow decreaae of thebottoa 
jump trom the ripph. \0 aua •• ... "' ... ~~j 
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CONCLUSIONS 

.. 
From the experiments done ,on sand (specific, grayity, " 

\ . '. . . 

2.65 ) in D~S. t. L,ab in Ankara two resistance relations ha-, ,.,.. . . 

flow conditi,ens could not be provided the antidune stage, 
" ,," 

, could not 'be reached either. Howeverin' the section :done! t 
- - '. .. • ~ ,< , ;',' . ." ~ -

is shown th~tthe'importance of shape roug~ess'yaries'wi~Jj<'<:; 
• , >. • .:' :., • " 

, the Froudeno;tran;>forrtdng froID; ripples to dUnes suddenly, 

'tl1ough prior to this 'sudden change some' ripple,s do form"o~' 

the back water 51 de of the dune 5. ',' " I 

, ,,' , I 
, , 

.. ," 
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In a wide channel with no side effects and 'vli th, a 

loosematerlal on the bottoin.reslstancecanbe 'classified 
" ' 1 ' , " ' 

in two groups after 1I.ginstein.These are the sa~d'rough-, '. 

ness to which corresponds an Rt , and shape roughness~to wh'.. 

ich corressponds an R". 

R I and corresponding U.;' can be, calculate,d byV. Va-
, , , 

noni' s method. Once 'Rt is determined, U' t, can be calculated 

'from: 

R : R' + Hit 

and therefore Ul , t calculated. Since ,the ,channel was taken 
'l'" 

as very wide 811 these val'uescorrespond t.o~he caharinal 

bottom.E1nste'ln tried to collect these values as : 

Q : f( i}' ) 
U.~ 

in'a diagram.~he points are very scattered yet it may be 

argued that a curve can be obtained.This diagram has not 

been utilized in practice. 

" On the other hand if we have a laboratory flume (as 

is usually the case) "vIe shall have side effects th~n: 

R:~ 
R ~Rt .,. H t t, 

\Olhere 

A = Total cross sectional, area 

X = Total "'/etted perimeter 



Rt --
R' -t ,-

R' t ... R't t 

Hydraulic 
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radius corresponding to the 

on the bottom. 

"', 

sand' roughness 

R' t_ 

t -
Hydrauli<? radius corresponding to the shape roughness 

on the bottom. 

Hc: Hydraulic radius 

t r-,. 
U~;t = ..; gRiJ 

corresponding 

U' t 2 
~t 

to the side,S. 

u't = I gR' tj -r. ..t· 

',' , 

: 

In a channel \'Ii th side effectsU~. value,correspon.ds · 

to U~.t value and this ,Cah ,be calculated by 'Vanoni.' s .met~ 
"':--. " : 

hod as, shown in appendiX A-II.Therefore Rt is known too. ' 
"'f . 

Rt : t-. ft 

where 
;, 

f
t 

= Roughness coeffic:1,ent. ~orresponding 'to the bottom. 

f. : " II' II 11 tI section. . . 

Einstein f S p,roposal to these calculattons is as 

folloVlS. 

Ac = RcXc 

A _ Virtual vletted section correspondlng to the'sides. 
c .-

Xc : i;/etted perimeter corresponding to the sides •. , .. 

A' = Virtual ·area corresponding.to thm sand particle, 
'. 

shape 11 It 1\ " 'A": " 
A - Ac :A' + A't 

, , . 
;". -'~". -; . 

. ,~. 

. .'. "~ 
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vlhere 

x - Xc .: Xt .: Wetted perimeter corresponding to the· bot­

tom. 

A' : A - A~ - A c 
. A - U t ( X - X ) t ·.C . A· t 

H t t _. ~.;;.;o..~_ 
t - X-X, 

c 
-- x - X . c 

According to H~Einstein (X -' X ) perimeter holds . c 

both for A' and A" at the same time. 

According to Appendix A-II: . 

Rc :: nfc,' 
r 

and from this: 

=a 

can be 

and 

substituting Rt = Ht + Ri' in Itsplace Vie get 

= . A - Rt (X - Xc) - RcXc + Rt ( X -x c· )' 

Rt. X - X c X - Xc 

j 

That is Rt does not depend on Rt, 

.Rt 
A .. Rtaf.. - . c - X ~ X c 

,\'1hich means Rt : H' is assumed.This can be .. calculated 

from appendiX A-I.In the table g~ven by Vano l1i H t Rt,R".· 

are not present.Therefore .u t tat ,R· t are not involved in' 
-- ",' - -,' -. ,- -..... " .. "'- ,- .,.;. -,,' '.-~' .. ' ..... " - , ...... '.:','-..~ 
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Rt'~'-Thai is' VIe :can 'wri ie 

at = Rt . 

PAGE ~ .... . 51 . .. , 

This means the sid.es· have' an effect on ,the shape roughness 

but not on the ·sand .. roughness.Therefore 

and solving 

XRt .. X Rt ' -A - R . ." aX c . -. -~c 

XRt.-XeRt + RtaX e = A 

Rt ( X' - Xc - aX C) : A 

A - Rt (X -'X ( 1 - a - .. c 
.' 
for Rt 

• • 

Rt = X 
A 

- X ( 1 - a ) 
e 

) ) 

.. 

·This value depends on ; kno\'ling f t and, f .Yet e . in Appendix 

A-II in the method' proposed by 

lit =, _A_f..,..t=--__ 
Xf 

Vanoni: 

It can be shown that these t\,IO lit' s are the same -

Thim 

Xf 

On the other hand it was shov/n in appendiX A-II that:' 

'Xf : Xtft + Xofc 

Aft A A -- - X~::<Xcfc) Xf Xt + Xf X c c 
. f .-
. t it 

then X' X -'X .... 
t - c 

Therefore 

R
t 

- . Aft ' ... A' 
.-"- - ....... '" Xi ,.,."".:: X: .. X·, (i.·,f 1f t ), .. ' e. c .,' 
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Therefore-' bo'thgi ve the same re sul t" ' Themostip1portalit 

'Es:o:umption is that U} : Ui,-t .In pr~ctice calculation may 

be done in the sequence bel 0\'1 : . 

1) V' U::·t 1,- - is found from Appendix A-I 

2) Rt " It II " A-II 
/ 

3) U)'·t " II II Hi 
4) Ht .. n It \I Rt -Hi + Rtf 

t - t 

5) U' t \I " " u' • : /gRt tj .:j:-t -1'·1 
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To calculate u~~ : j gR'j 

Y.: 5.75 log12. 27~tx' 
U¥.,' . AS. 

k u t,; 

x~':: ·f.{· f1';6v} 
Substi tuting j( and U~. into 1.2 

. I~l, 

" "1.2 

.' 1.3 

.:,' .'. H't . k s1)! . 
. /~R t j :,5.75 log 12.27 ks f(11. bV) . I.4 

. PAGE··59· 

," .. ' 

Where function f is defined in fig 1.1 T.here ,are 3 parame-. ; , 

ters in 1.-4 as: 
U' 

JgRtj 
R' . 
~ .. 

~ s 
, , 

. . ," 

. All· parameters containR'. therefore as~igning R' a . 

value 'and by trial and error a solution may bechecked~ 

Yet' instead 'of this trial and error method if \'leresort to 

. Van~ni t s changing parameteres .m.ethod a short 'cut, may' be 

obtained.L&t: . 

u· 
. r----
v gH' j g yj 

be .the ne\'l parameters.Arelatlon can be seen between the 

old and new becomer:; I.5a5: 
1.5' 

Only n' is lalO\'Il1 in .r.S.Therefore if the paramet~rs 
:.. I 

not cont'aining R' are evru.uated·R' can. be foUnd." 

IIi 1.4 lets change (- R'x) "lith 'its equlvalen.:t.· 
. .....ks ·: .. ' 
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Then Calcul'ute ' 

. uit. 
gksj 

,for different values at U/U~.ThlS' can be done sinc.e U" and 
, . 

U *' are known. SR' = Ui .. ~~s_and ·therefore fro~Fig.l.1 
X is bo"m.Th.evalues obtained arecollect'ed ana:. graph •.. 

.' . 

For the x' and n I Fgksj . chosen a U/U.,~. \'lill correspond 

from' this graph,and since. x, is kn'O\"ri from fig.l.l·ks/6 

'can be found.Therefore: 

:1 u' 

Therefore: 
'} 
U , 

k . Y u 
- ( s) 11.6 u t,(yj . 

b . .~. gk J . s . 

.• 'U 
jgksj ..... 

are determined. These values are collected on graph AI~l. 

Example1e to 11lustratethais method. 

U - i .0 ml sec. j:. 0001)/ = 10 -6' -. . 

1 - -----
-.lx.01 rg. 

:}20 

c . 

'1. .' . 9 
9. 81x .OOOlx10 .. 6 '.,: ,l.02XlO -' g )}j 

,U!U¥ ': 20.00( fromflg.1.1 ) Therefore: 

1 w-
- .05 19.5 

k - ~()lOmm .. 

, , 
. -". ,' .. 
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····Appen'diXA -II 
, ,.,',', 

. . ' . 

VaDoni t s correction for flume sides. (4) 

t,,~: Subscrip~ for bottom 

c : " It sides 

. j : Energy slope .. 

V.: )\.in~matic viscosity 

U' : . Average' . veloci ty 

VI : wetted c:rosssectlonal area 

: X : \1etted cross"section 

~",-.';---" ..... 

\'l R ... - ' 
.' X 

.' UJ,f:JgRj friction velocity 

f- B( *~(.)2 Vleisbach friction parameter. 

'4UR Raynol ds number 
SR: - )} . 

. Assumptions: 

11.1 
II.2 . 

11.3 

In addition to Einsteints assUmptionsstatedearli.· 

er. we assume: 

side and bottom roughnesses though not the same, 

arehomc:>geneous. 

If in achann'el .section dimensions:U,J;g,v,Xc ,4.t'· 

are used,Xc and Xt can easily be found and, so are R, UT' 1't 

and'Sj{~Dimensions' to be determined are:U.¥t,Rt ,ft .,A1.S0 fc 

has to be. kno\'ln.In the given method sicl.es are glD.ss;there~ 

fore ,hydraulically smooth.Threfore simplified.~~en rela­

depen<is' onlyonSR.; tive. sand ro~hness is - O.Then fc .-
·Sac 

4UcRc 
- V 

" d 



THESIS 
'ROBERT COLLEGE GRADUATE SCHOOL' 

BEBEK ,ISTANBUL 

-----.-.-Since-.U~ .. -·u '. ',··S' , ' .' c - ,. . R ' 
e 

froni which 

viding 

and 11.2 
gR J. .;. ,fe 2 

e - U .8 

is . found .11' divided: 

Re 
R 

.. AUR 
- c' 

-

V 

4UR 
''iJ c, 

4UB.· 
}J 

S R 
R....9, 

R 

gRj 

.f e -: r-
and from here using 11.5 

f. c, 

--, 

,11.4 

and 

can be obtaihed by ~1-

Il~5 

is found, buttrom·,fi.1 

_ 1: U2 
- 8." 

11.6 

11.7 

11.8 

PAGE ::.£:3 

Yet ,SH
c 

or tc can't be determined alone,for this a 

graph (11.1) is drawn.This depends onRouseJ.sf as a,func­

tion of SR in smooth pipe s for prandtl' s' Uequati on in tur­

bUlent flow" figure.Then 11.8 '\>;111 give SR /fcand fig. 
'. . c 

11.1 the value offe .Onee feis knovm SR canb,e found. 
, . ..' " c 

Due to geometrical .considerations: 

'. VI .;. '1ft' 1"\'1 
- C 

-putting'\'l/1~ instead of R in II~6 

xro2 
1:1 - 8g j 

x, .r. U 2 
from 11.10, , \"t - J t~t ' ' 

8gj . _ .-

II.10 
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.. "X' f· U2 . 
'ltl -, C C 

C - 8gj is obtained. 

~'rom here: . Xf : Xtft ..; Xcfc 11.11 

for 11.9 is obtained.II.ll gives the value of ft· as; 

f · k.: f ··X 
t :. :-::- i" .JLf 
. .At X,: . c 

t 
If the flume is rectangular, then: 

x - X t -
Xc - 2h .~ -
:ft -.. ft~( f -
R - R:i t - f 

and 

U-ft :' JgRtj 

Illustrative example. 

:b = 10 m. h = 1 m. 

to find U t and f t :.' 

w- bh = 10m2 .-

- :fc ) 

j -- .0009 

u lO - 1 2 : 10 - m 

x - 10 - 2.0 : 12 R : 10/12·: -
u," - ( 

.~ .. . . 
9. 81x. 63x .0009)1/2 : .085 

f : a( .085/1)2 - .058 

·to find fc : 

SR _ 
c -

.fc 

s· 
R . ---~f~ 

·from fig. 11.1 fc - .012 

_ .,4UR 
SR -v : 3. 92X106 

3.92 x108 . 7 5.8 : 5,.7x10 

Once fc is knm'ln ftcanbe deteremined as:' 

II.12 

.11;;13 

11.14-

.11.15 

.83 

,-, ~ ".- '; , 
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from. \'lhich: 

_ 8· ·<tx .0672 
_ • .J. .058 '=1.0 

U~t :/gxlx~0009 ;;: .1m/seG 

• 1 

." ._ ... -... - ,-.,- ........ ~, ... -. -. .... -. •..... -



5 

1-.03Z 

1\ 
~.O30 

1'\ 
-.028 

"-
i' 

-.026 

~.O2'1 

-~022 

,-- .ozo 

1-.018 

r-.OI6 

f.;-- .014 

r-:--.O I Z 
2 4 G 

, Int:.~I~ 

ROBERT COLLEGE GRADUATE SCHOOL 
BEBEK • ISTANBUL ' 

z· 5 , I 

. 

'~ 
,-

.. ~ 
~ 

i'-, 
" 'f'., 

,- I"-
" 

" 

, 

,-

.............. 

e 106 2 4 6 8 i07 

R/f , 
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, 
..4.! I _ ~ e ~J. .... t c e 

TO 

.t 

I 
1 

..r..~ ... '-' .I. r ct Tl t-i.cC" 1 .~ 0G.l 1 

. 
• .,) . 
. -

r 

• GO or 0 

er.l t C<' e - , t r..l .L. c u' 

lJ. 
-

• to. :> 

.)~ J,)) 

-.J.J - ..I 
:J 

J.j : 
.) 

-u - .)~ 

j) 
,. 

• 

- I c. • .;..) l 
.J 

• • .) 







41. c. 

• 

47 21 47 0 

4r'.1 5 























20 3.5 

7 .'J 5. (). JO • 

l~ (' 1 1 • !o- • 

c.) - 1 • -:; ::> • 

.) rO 1"' • 1:50 

11. 1" • 1 

· ) 1 r 1 ..I ..... 

).5 113 

1 .J l~ • ;,)--

4- r 1 
.., 

• .1. • 

1,4 7 .) 1 .0 17 • 

1 • lJ J. . ./ 1,,; 

13.5 1 .0 137 

• .... • 
, , 11 • - . .J.. • 
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