
Mansoura Engineering Journal. (MEJ). Va!. 33, No.3 , September 2008. C. 12 

EXt ;C::'JMENTAL STUDY OF THE INFLUENCE OF SILL ON 
"HE MEAN AND TURBULENCE VELOCITIES IN OPEN 

CHANNEL FLOWS USING LASER DOPPLER VELOCIMETRY 
<"'fo.oll .:.I.,>ill .) <Jl...A-ll ""'" ~IJ yI.,I>.a~1 .:.llI:.s ~ ~~I ~ 4.,l- Wy 

M.1. ATTIA 
Associ. Prof Water & Water Strtlctures Eltgg, Dept" 
Faculty of Engg., Zagazig UniverSity, Zaga"lig, Egypt 

o!l...Jl, L.. ...... "' ..... '" J;".D ")0.:0" "'"'" """""" "'" .,...,.'1 -»l"""'" '-'Jo' .,.." I" ""'-~ 
y\~~t r,JA--l.lt..-.t+lJ y!~YI L,ie.s. -".-\;J ~ ~.J ,~~ .J..i--.;lII Jl....-4.+ r\~~ 

(~I,!.d ~ .~I .}) u-l.Ji .~'"'iI.J (Streamwise) iJ.u-1t -411 vi u,.,..,jl.o.!1 ..:.k."....ij (Turbulenl shear s!res.~) 

.~,).~ ~ ~j t Wl u--~..P e.t.bi J1 ~ ..::.L....4l!I ~!.J .,..:.JI......t.l.i.j~.J rL..! ~~..P u~U:ai ~ 

r.J....-o f"" 5 JS U"~ d1L..... .;...li.! e.w..uJ..l...} ~y..JI.J ""'~YI uod~!" ...,tj:WY\ ~ ~ .t-IjlI.J ~ 

i»i> ~ 4..:du.u ~ ~"I ~ JI~! ~ ~.., .r--15 JS ~l u..:i ~ !Yo ~J r-" 70 ~~.J elill 
..::.L...JUSJ ~ ~! wi ~J.J .U"""""'I)l ~4-<1'1 .} yI~)'1 Ul.!lli rJo ..,...sl WIJ J..u...JI .~\ u! ..,..I~YI ~ J 
,-4 JOt,' ~ t-"~..F- e.1.W OS ~ ~~~"...,. u..lO.}~<.T""I.)I-4."'''·"'iI.J ~ 04J vi yI;"';'YI 

u&J! "~~'.!1J.ls. ......A.II . '\..~ t....J\ '"'"I'W 'JIJ··....! ·t.·'-'il.:..lltis .\.!1W .... ~ , .. 1.1.. '-'i! .;.UlliUl...s-·; 1 . u.r .) .J. U" (,),"!J'-.,.-~ • tr Y . ."......- (,) ~.J ..... J-- . .r-

.1(.,.'-" 1..·.'J\~.&l:ijjJ .... • .• ft . JI~ .. ~J.", '.1> -... I.·J . .. . II......tI..·-Y\~.;.\ .... ) ." • . t..<W:a 
~' . ~ y~~. ~~.~~ .~ ~~. ~ . .J 

~ 'iJ U-\.;! ·4 ........ '11 u1 ~~ ~ ~ JiJ ~.)..u yI;""''iI'':''OOs Jaj.....aw, .~ u-i ~ (F- ~ .4U\ u-i.J & 
~ i.._,~ ... (="1 J.:.,.>.> ......, .:.., If-~ "", i~ W iF P w:.i."",..,." """" ,~~ 
.1+>\ ~ t lbU o-li vi t-iY' &- ,.;.s\ vi .;A- (Jj.-:. v-!jo'l .4-0""'11 ~ ~.;-lI d ~ Ji.., ...,.:or.lI ~J ~.J tLJ ~ 

.;y.!.t,... y:..J\ <....l.U.. ':"1$:.U:.il1 0-0 J~ ~ ~ 

ABSTRACT: 
This paper presents the results of 3 laser Doppler Velocilnelry (LDV) invcsliga!ion in the 

upstream, within and downstream of a sill ill a horizonlal rectangular channel of constant width . 
For precise and accurate measuremeots of the mun aod Ouctuating now quantities such as 
slrcainwise and verticallurbulence intensity components u'l Vo and v'l Uo• stre..amwisc and verliCil1 
mean velocity components n I and v7 Uo• and trubulent shear stress u'v'! Uo 2. The measurements 
are carried out along the depth at different cross sections upstream , above and downstream of a 
sill. The main objective or tbe present researcb is 10 conduel a comparative study of the depth wise 
variation of the streamwise and vertieal turbulence intensity components, streamwise and vertical 
velocity components at different cross sections The re.llults show tbat, the slreamwise turbulence 
intensity is atway, greater compared to the vertical turbulence intensity, Ibe trend of variation 
being similar. The maximum streamwise and vertieallurbulencc inlensities u'/ Vo and v'l Vo occur 
at Ihe same location ofthe profiles. The turbulence intensities u'fU8 and v'/ U" increl-lSe, as the now 
approJilches the sill. Above tbe sill, tbe turbulence intensities levels are furlher enhanced, with the 
u'/ Uo reaching a value of nearly four times tbe free stream valu e. Downstream the sill, as the flow 
approaches, the turbulenee intensities u'! Vo and v'l Uo I1re much higber SIS compared to turbulence 
inlensities upstream or above the sill. 
1. INTRODUCTION: 

If often occun tbat in the conlrol of 
rivers submcrged sills are used to aller the 
now. Sills can back the water up and tbus 
divert tbe now of tbe river into anotber 
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ehannel during times of normal now. In limes of 
high nood, however, mucb of tbe flow can pass 
over the sills. In some Regulators and Barrnges 
whicb are constructed in Egypt , thc undergale 
sills arc provided mainly for economical reasons 
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as they decrease the height of ga tes a nd 
consequently their weights. Howeyer, th e use 
of then sills represent so me obstruction and 
constriction 10 the waler flow wh ich will 
induce a certain rise in the upstream wa ter 
level increasing th e headin g up and thu s 
contributing to u.ccssi ye cne rgy losses. The 
complex phenomen a of fl ow over a bott om sill 
in an open channel has bee n studied . S uch 
nows arc impo rtan t in th e des ign of stilling 
basins, where th ey a rc used as a mean of 
sta bUizin g the hydraulic j ump and for solving 
practical problems. The fluid motion res ultin g 
from the interaction of flow with a si ll is 
theoretically and praclically import ant. The 
hyd raulic jump type stilling basins as they 
provide a usdul mea(1 for dissipating the 
excess kinetic energy downstream hydrauHc 
structures have received a considerabl e 
attention of many scientists and engineers . 
The usc of sills results In a drag force eurted 
~m Ihe i ill and which depends on many 
Indcpendcnt va riab les such as the sill height 

' auil geometry, Ihc loulion of th e sill wilhin 
the jump region , the spacing between the sills 
and th e innow conditions. These independ ent 
yariahles along with the high turbUlent and 
non- uniform natu re of the n ow in thc vicinity 
of the sill. The present resea rch of th e now 
characterizes (he influ ence of the sill on the 
turbulent nows in open cbannel. Much leu 
Information is avail ab le r egard in g th e 
turbulence characfed sti c.!l upstrea m, above 
and behind the sill in open channel flow . 

. Nu merous experim ental studies havc' bee n 
cond ucled to unden tand th e now phenomena 
associated wilh · flows past fwo d imensiona l 
ribs . Castrol4 J, Bcrglcs ::md AlhRnassiad is 131, 
Antoniou and 8 ergel es II I, Durst a nd 
Rastorgi (51, Tropea 3nd Gaeksfaf(er 11 31, 
LIou and Kao 181, aD d Phata ra phruk and 
Logan (10) arc represen tative of such studies. 
A number of numed cal st udies han also been 
perfor med in order to predict the now 
behavior in flows past two-dimensional ribs. 
Typica l numerical studics with the linear K­
C model are, Durst and Ra stogi (51, 
Bcnodekar ct al. 121 and Lcschziner and Rodi 
I1J . Using now pasl a backward facing s tep, 
Thangam as S pezia le (12) fouo d th at the 
nonlin eu K-C model, th at includes h igher 
order terms rep resentin g nonisotropic effec t. 
Improved predictions of separat ed nows past 
backseps us ing the line:..,. K-C model hnye 

also been obtain ed by Spezia le ad Ngo I J J I :lIId 
T haga m and Hur 1121 Simul ation of fUl'b ll icli t 
flow separation th rough closed reciallgll1 3r 

cond uit has beell po illted by Nas hat cl al. [15] The 

now characteristics aftcr a downward faci ng step 
in channel bed haye been reported by NRsha t el 

al [16] Nasha t (1 7) p rese nfed th e model of VO I·tel· 

shedding for steady separa ted now oYe r a norm::.1 
wa ll . . 

The present research dcals with th e 
experimen tal investiga t io n by us ing 'Laser 
Doppler Veloc:i Olet ry (LDV) to measure the 
streamwisc a nd ve rt ical turbulence intensity 
components, st reamwise an d vertical velocity 
components, and tur-bulent shear s tresses in a 
ho rizontal rectangul ar- channe.l flume of a 
constan t widlh. The measurements were carried 
oul usin g LOV a non -i ntru sivc FilJre Opti c s tate 
of th e :'II·t technique, in Ih e upsll'ca nt, wilhln a nd 
behind of sill a t different cross seelions ·a(l'OS5 
and along the chauu el axis fol' spcdfic max imu m 
discharge of 40 1/S. The main objectives of the 
present resea rch arc ; (I) To usc the LD-V, whi ch 
includes the data acquisition system, da ta 
process in g to mcas ure mea n and fluctuatin g n ow 
quantities al different locati ons upstream .. above 
and beh ind the sill in open chann el flow, .(2) T o 
conduct a comparati yc s tudy of the depthwise 
va riat ion of strca mwis(' and vertica l turbulcnce 
intensity components al d iffercnt cross sections 
upstrc,am, aboye, and behind th e sill at differen t 
cross section, (3) To make. a co mparative stud y of 
the depth wise va riation of st rcanmise and 
vc,·tical velocity components upst rea m, within 
and downs trea m lhe sill at different locatioll s, 
and (4) T o make a co mpara live stu dy of rt~c 

turbulent shea r stress upstrea m, abo\'e a nd 
beh ind th e sill at d ifferent eron sections. 

2. EXPERIM ENTAL SET UP ANI) T EST 
PROCEDURE 

T he meas ur'elllcnts w('re ea rri ('d oul ill a 

horizo ntal ree tangu.1a r open channel th at is 9500 

mm lon g, 300 ;nm width a nd 500 111m Jlcighf wi lh 

glass wall 6 mm th ick a nd a steel plate bed. 

Fi gu re I depicts layout of th e lesl faeilifY. T he 

water is supplie.d fl'om a constant head ove r head 

tank 10 the nu me at a desired discha rge that is 

continuously mC,milorcd with an on-line orifice 

meter. The nerme side walls arc made erp of (j m Ol 

Ihick glass shecls. A (ail \'(' I'Uenl gat e is p" oYict cd 
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at th e downstream end of the nu mc to 

maint ain a req uired water depth of chanllcl 

now. The water is finally collected in a su mp 

placed in the basement from where it is 

pumped back to the overhead lank by a 16 

HP pump. The sill was fa,bricated from 

transparent prespex sbeets. 

With reference to the origi n fi xed at 

the bed along the centerline, transverse of 

measuring volume was run to obtain the 

profil u of both the mea n vetocity components 

and ' RMS of turbul ence int ensities. The 

measuring poin ts were closely spaced in the 

r egion of bigh velocity gradient. All ihe 

measurements were made for a constan t 

discharge rate of 40 l Is at a free stream wa ter 

depth of 320 mm. This gave Reynolds number 

based-on the free st ream velocity 4 xl04 which 

ensured tbe turbulent fl ow for aU th e test 

conditions. Froude number of the free strea m 

now. Fr = 0.230, ensured the fl"ee stream now 

to ·be suberitical. To obtain the vertica l 

profiles of the mtan and fluctuating 

qu anti ties, the meas urements were conducted 

in the vertical plane along the centerline at 

different locations upstream, above rin d 

behind the sill. In the verti ca l direction alo ng 

the depth, 30 measurements a t 5 mOl intervals 

up to 65 mm from (he bed boundary and 15 

mill for tbe rest were laken. T he height (H) of 

the sill was kept at 90 mm. 

3. INSTRUMENTATION: 
The experimental dala were colleclec1 

using a DANTEC LDV system, consisted of a 

5 watt-ion Laser ",ilh two laser beams one 

blue (488 nm) and one green (514.5 11m) n 

fiber-optic meas uring probe jn b,aek .scalel"' 

mode, two Burst Spectrum Analyzer (BSA) 

were used to evalua te the Doppler 

fl"eq uencies, and subsequent comp uter 

d iagram of the hvo componcnt I..I)V SCi up used 

for the measurement s. On a tra verse bench, the 

measuring probe (laser bc_ams or measurin~ 

volum e) was focused at a meas uring point fro, n 

one side of the chan ncl glass \Vall tllro'ugh 'an 

optica l lens. The number of sample taken al every 

po int \Vas 50 00 bursts. This co rrespon d to a 

sa mpl e av('r:lj!in~ tim(' of about 100 s('eonds. The 

data rat e was abo ut JO·20 HZ.. Before acq uirin g 

the dat a. the LDV signal was checked for its 

regular Doppler bu rst that correspond to 9 

particle passing through the meas urin g hlume. 

The meas ureme nts were taken at diHel"ent 

positions upstream, above and behind of the sill , 

for Q -40 Ifs. Figure 3 shows the loca tiorr grid of 

the measuring s('clioll (x/H ) upstream, Itbpve and 

behind th e sill. 

4. RESULTS AND DISC USSION; 
Root mean square (RMS) values of 

stream wise and vertical compo nent of tutbulence 

intensities u' and v' are made non-dl m'e nsional 

with respect to the st rcamwi se menn {ree sl ream 

velocity Uo • The wa ter depth IS non­

dimension alized by the fr ee stream water ·depth 

Yo- Turbulence at the wa ll construed to be 

tu r bulence at a very location from the wall of the 

order of 5 mm as observed in LOY 

experiment ation , and lIot :If the w:"I1i itself pe rsc, 

1t may be mentioned herc that the minimum 

distance away from the bounda ry =at which Ihe 

turbulence and veloci ty measuremen ts 

commenced was 5 nUll, At the boundary vc.'loei ly 

and turbulence are lero. The two-dimensiona lity 

of the stream flow was examined by' measu ring 

the spanwisc distdbution of th e streamwise 

velocity components, As dClllonst nllcd by fhe 

mean veloc ify and tu rbu lence inte nsity profiles in 

figurc 4 (a) and (b). 

a) Streamwisc Mean Velocity Distribution 
(ii/ US!) a long the Depth: 

Figu re 5 depicts fhe profiles of 

analySis consisted to velocity b ias avera ging st rCllmwise l1Iean vcloeit:\, distrihution n/ l l .. 

and outlie r rejection . Figu re 2 shows a block upstrea m, above and behind fhc sill a lon g the 
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depth for Q - 40 Us at different locations. The the sill. Difference in the iii Uo and v7 Uo profiles 

strcamwise meRn velocity profile along Ihe 

longitudinal direction at Ihe centerline 

is (he marked changes in .he magnitude along th e 

depth. Tn ii/Ua profile, cbanges were relatively 

indicates gradual increase from upstream smooth, witb smaller number of .points of 

alone up to the entrance of the downstream contrafluure, while ;1 Uo assumes both positive 

zone of the sill, Subsequently, the magnitude and negative values at the same section and hence 

decreases gradually downstream. II is seen th c zero value also at some intermediate 

that the measuremenh at xlH -=-2 indicate locations. The nature of vari<ttion, viz., change 

flow separation upSlream of the sill. Directly from positive to negath'e magnitude and vice-

above Ihe sill, the measured velocity profiles versa occu rred at different sectioDs. However, in 

at xlR - -1 an xlii = 0.0 indicate a small the pro file of I1/Uo such a vari alion occurred ncar 

separation region blanketing the sill surface the separation zone duc fo reversal of flow. The 

and a shear layer profile above it. zero magnitude of vertical velocity component vI 

DownUream the sill, the profiles exhlbit the 

expected trends of flow separation, shear 

layer growth, and reaUachment 

(reattachment occurs at xm .. S + 0.4 ). At th e 

downstream corner locations of the sill, 

reversed flow and flow separation could ' be 

observed downstream of the sill as shown in 

Figure 5 at xffl - 1.0 as can be seen by th e 

shape of the velocity profile and was observed 

by dye inject ion. R eversed flow was al so 

observed at the beginning of the silt. These 

observations arc consis tent with the backstcp 

Uo occurs at more than one point al differen t 

locations. Thi s observations is somewhat more 

iutriguing as one ma~ ' 1101 ('xpcct mo re than one 

location ~t which v/U .. coulet h(' ZHO. 

c) St reamwjsc Turbulence Intensities 
u'/Uo alon g the Depth: 

The str eamwise turbulence int c!lSity u'l Uo 
with relativc water depth yl Yo, result s-a rc shown 

in Figure 7. Generally, maximum strtamwise and 

vertical components of turbulence intensities u '/Uo 
and v"/Uo• lind (ud)ulenl shear s{ress _u ' v '/U0 2 

occur at the same locat ion ap proximately a t yly., 

flow measurements of Chandnuda and ,., 0.2 as sho wn in Figur('s 7,8 ODd 9. As a 

Bradshaw (1 98 1). 

b) Vertical Mean Velocity Distribution 
(vIVo) along the Depth: 

Cross-stream velocities are exhibited in 

Figure 6 depicts the profile of verHeal mean 

velocity v/Uo of th e sill at the snme flow 

comprehensive observation , it is noted Ih lll the 

strcnmwise turbulen ce intensity u'l Uo is always 

'stro~ ger compal'cd to th e verlicnl h ... hlll(' nce 

int ens ity v 'l Uo. Clea rly, ill the vicinity of the 

sep:'Irnted upstream of tlil' sill, the measured 

turbulence levels arc substantially higher than in 

conditions and localions at which the the free strea m, wit h tht.' IIcar.wall. about 2.5 

streamwise mean velocities were measured, 

Upstream of the sill and above ii, the 

measurements reveal a strong positive vertical 

velocity 'component ViVo and· a curved flow 

deflected upward by the sill. Downstream of 

the slll, at x/H ",,1 alld 2, the positive velocities 

below y/yo = 0.25 represent (h e separated 

eddy behind the sill, while the positi ve 

velocities above y/yo - 0.25 represent the 

effect of the upward d"fleetion of the now by 

times the free stream valucs, The upward 

deflcclion of the flow by the sill leads to highet· 

velocity gradieuts and thus 10 a higher production 

of turbulence. Directly above the sill, flu! 

measured turbulen ce levels arc further enhanced, 

with the strcamwise intensity reaching a vrlluc of 

nearly f01l1' times the free slrerlm value. This 

inel'case in the peak intenSity is significant and 

noteworthy . It can be explained by noting that 

lliong yl Yo = 0.2, as the now appt'oaches Ihe sill. 
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Ihc no-slip conslraint alon g the sill face lends 

10 high valu es of du /dx and dill dy. Sillce Ihe 

produclion of turbulencc is proportion:d jo 

du/dx and duJdy, Ihe lurbulence levels arc 

significanlly enhanced in the · region dil'eclly 

ah?ve the sill. Downstream of the sill, as Ih" 

flow separales, the peak values decay, and the 

locus of the peak droops downwa.rd with Ihe 

shur Jayer (oward reattachment. Jusl 

downstream of . separation (x/H :5 3), the 

profiles show a sharp peak in the shear layer 

a nd a flat profile in the recirculation region. 

With increasing xlH, the turbulencc is 

diffused; tbe profiles become more uniform; 

an d the peak lurhllience level decays. The 

general features of Ihe nforcdescribcd 

observations arc consistent with those fur 

backstep flows (Chandrsuda and Bradshaw, 

1981) and a flow through a pair of sills (Lio n 

and Kao, 1988). However, in these studies, the 

intensities increase io the initial part of the 

separated shear Inyer, but in the present 

mea surements, the maximum slreamwise 

turbulence jnlcns ity occurs directly above the 

siu. 

dJ Vertical Turbulence Intensities 
v'/Uo along the Depth: 

The cross-stream turbulence iUlcnsily 

\," U" wilh relative water depth y/ y" profiles 

are shown in figure 8. First, it is observed that 

the measured cross-strea m intcnsilies v'l Uo 

are sign ificantly smaller than the Illensured 

stre<lmwise turbulence intensities, parlicutarly 

in (he ncar-sill region (-2 <xlH <3), indica ting 

the no isotropic nature of the separalcd shea r 

layer. Downstream of reattachment (x/H > 5), 

the cross-stream and stretlmwise intensit ies 

become more comparable, with the respective 

peaks al xlH ~6. 

e) Turbulent Shear Stress u'v '/UQ
2 

along the Depth: 
Turbulent shear stress results v' u"fU/ 

with relative water depth yl y" arc pn;'selilcd 

in Figurc 9. The nlensure values of turbulenl 

shear' slrcs.~ ;rn' cUllsislCl11 wilh the Irc.mls h, r 

cross stream lurbillence intens ity v'l U", i_c., Ihe 

shear sl.-css peaks downslrcam of the separatioll , 

flS obser-ved fOI' backstep nows. In Ihe 

recirculation rcgioJI, x/H = 1.0 and 2.0, the 

u'v'JU/ values lire small, bul with incr:eas in g x/H. 

both convcctiOll and diffusioll leatl to more 

uniform profiles. 

S. CONCLUSIONS: 
The experimental study on the innucncc of 

s ill on the mean nnd turbulen.cc vclocilies in open 

channel nows indicnlCS (hat : 

As a comprehensive obscrvatioh , it is 

noticed thai, the st rcamwise turbulcncc ihlcnsity 

u'l Vo is always greater compared to the vertical 

turbulencc intensity v-' U", the t!"(,lrd of varialiOIl 

being sintilar. The maximum strtamwisc and 

vertical tltJ:'bll\ellce intensities \l'{ Ua and v'f Uo 

occur at the same location of th e profiles. The 

turbulence inten.si lics u" U" and v '/ U" increase, as 

'th e flow approaches Ihe sill. In th e vicinity of the 

separat ion upstrcflm of the sill, the measured u'! 

Vo levels are suustantially higher than in the free 

steam about 3.0 times. Above the sill, the 

turbulence intensities u'/U" and v"/U" levels nrc 

further enhanced , with the u' / Uo rcach ing a 

value of nearly four times the frcc-slrca m vallie. 

Downstream of th e si ll , as the flow :Ipproachcs, 

Ihe luruuience inlCll silies u' /U" and v' l U .. 31T 

much higher as compare to turbulen ce upstream 

or above the sill, the peak values decay. and the 

locus of the peak droops downward with the 

shear layel" toward reattachment. Just 

downstream of separation x/li< 3.0, the pt'ofiks 

show a sharp pcnk in the shear Iflyer. With 

illcreasing x/H, the turbulence is diffu sed; the 

profile s bccome more uniform; and Ihe peak 

turbul cnce le vcls decays. II is seen that, frolll 11ll' 

sh-camwisc lII('a ll velocit y pl"Ofih's iilUo, il1riicalC' 
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flow Sepa'"iltion upstream of the sill. Above 7. REFERENCES: 
th e siIJ, velocity proliles u/Uo indicatc a sma ll 

separation r egio n blanketing th e sill sur(aee 

and a shear layer above it. Downstrea m of the 

sill, tbe profiles of UlUo c;(hibil the expected 

trends of flow sepa ra tion , shear layer growth 

and reattachment occurs at xlH "'(5 +0.4). 

C1eady, (rom Ihe cross·st ream velocities vlUo 

profiles, upstream the sill and abOve it the 

res ults reveal a stroug positive wUo 

component and a curved flow deflected 
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