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Abstract

In modern times, due to rapid urbanization, the quantity of waste water going into the
urban sewer systems has been increased significantly. The urban waste water includes
construction debris, industrial wastes, natural sediments, urban solid wastes, wastes from
roads etc. Sediment entrainment into the sewers or storm water drainage channels from
the adjoining catchment areas, subsequently their movement and deposition in the
channel reduce the flow area, and as a result the hydraulic efficiency of the channels gets
reduced. Sediments get deposited on the invert (bottom) along the reach of the drainage
channels during the period of dry weather due to non-availability of sufficient flow
velocity which leads to the sedimentation and reduction in the carrying capacity of the
channel. The water containing sediments creates environmental pollution and hinders
the operation of pumps in Sewage Treatment Plants (STP) and turbines in Hydro Power
Plants. It also adversely affects the aquatic and plant life in a river. Continuous efforts
had been made by the mankind to understand the mechanics of movement of the
sediments in running water. To solve the sediment problem in a flowing channel,
sediment ejectors, excluders, extractors and a number of sediment trapping devices have
been developed and are being used at suitable places along the reach of the channel to
minimize the sediment content in the channel to ensure smooth and optimum functioning
of the drainage system. Invert trap is one of the trapping device to trap the sediments
flowing into a sewer or storm water drainage channel. As the name itself indicates, it is
a chamber provided at the invert of the channel in which the sediment falls and gets
trapped. Among sediment trapping structures, invert traps are very effective method of
reducing the amount of sediment flowing in a drainage system and irrigation channels

(Gupta et al. 2005).



Experimentation is required to analyze the effect of variable parameters of flow,
trap geometry and sediments on the trap efficiency of an invert trap for its design and
performance purpose. As experimentation is always not possible, time consuming or
becomes a costly affair, Computational Fluid Dynamics (CFD) has now become an
excellent and economically less expensive tool for the study of flow in sewers or storm
water drainage systems. For the CFD modeling of invert traps in open channels, earlier
investigators used Fixed Lid Model (FLM), i.e. assuming open channel flow as closed
conduit flow with top wall as shear free wall, with stochastic Discrete Phase Model
(DPM). This approximate model was poorly validated with their experimental data. In
the present study, experimentation has shown that the free water surface rises above the
central slot (opening) of the invert trap which can not be modelled using FLM because
water surface fluctuations/profiles are not possible in closed conduits. Therefore, in the
present study without making such assumptions, the appropriate Computational Fluid
Dynamics (CFD) model for open channel flow i.e.Volume of Fluid (VOF) model along
with stochastic DPM has been used. This VOF model has been extensively validated
with the experimental results in which only natural sediments including actual sewer
solids have been used. 2D & 3D CFD analysis show that 2D predicts a little lower trap
efficiencies than 3D which is theoretically as well as experimentally justified because in
3D modeling, more sediments fall into the trap due to their low velocity near the walls
(which has also been observed experimentally) and subsequently giving higher values of
trap efficiency which is contrary to the presumption of Buxton et al. (2002) that the 3D
may predict low values. The CFD predicted Water Surface Profile (WSP) above the
central opening (slot) of the invert trap has also been compared and validated with the
experimentally measured WSP. In addition, the CFD predicted flow field has been
satisfactorily compared with the experimentally measured velocities using Laser Particle

Image Velocimetry (PIV). On the basis of the present study, it can be concluded VOF
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model along with stochastic DPM is the appropriate CFD model in comparison to FLM
for the numerical performance and design analysis of invert traps. It has also been
established that 2D predicts the same qualitative results as 3D but quantitatively, 3D

model predicts the best results in comparison to the experimental results.
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MY feh TAT A, TS I AR & FROT, A TR TAEeH A 138 ddToe
(AfSHeH) BT AT A Frhr i g5 8| Al HaRISe el (I Flex) # fAsor
ol Holdll, 3T 3afRIse, Trehfce dooe, A I ITTRISE TAT Feht
o 3raferse 3nfe enfHe &1 ITT-ITH & STAIgUT 8131 H SR & Siel felenral
AoTell H dTSC & AU 3R 5Hoh d1¢, 3o7ch UsTol H STAT glad T STl 918 &7
& g ST 8, AR aRoTeAEawT detell Fr gTssiford gatar (TRRfReH) F
81 STl & | AT STel JaTg 9T T Tl eTsticll & deld U ANH (318 de)
&1 373l & SR ST AR daTall #F dooe (@fsHeed) i (Sred 3rar
&I ) STAT 81 S1ar § o as Sevelt Y e13ar 31X 3radresT & St 37 Sy &
deToC Jebd Tl TATaRYT # JeNoT 3R sl Eede Tolled (TaerdT) # gt
3R gIEgr UTaR ToicH H TETSAl & HATelel H ST 3cdeed aXdl gl I8
(AfATcH) 78 7 STl shat 3k dtel st gfdger w9 & wenfad wearg | aeh
H JASCT & 9dTg I TITAH & AT & foIw AT S garT fia) gard
frT arT § | ST YaTg ATell A doTse T GAEAT Y gl i & [T JADC &
3qqole], Taecaex 3R 3aieh TR & doee hdlel dlel SYHIUI ol [aehiad
foham 91 8, fSeteht Aetell & 3UGeFd TUTAT TR IUANT T ST T@T & oifh
AeTell H Ao AT 1 & fhar o7 F 3R I8 AR 8 Jeh o oo
fRrAT woTrel 3R YR & 1T X W@ ¢l Sedc ¢9 HIaY AT sATT ool
TR TsTer 7 98 aTel dTGel ol Hdlel dTell Ueh YehR T 30T g | ST
o AT & §r 8 & T a8 veh e § ST o deAer & def (S=ac a1 a1 )
T Tl AT ST &1 deTel #H Sgelr g3 dooc 3=a¢ ¢T # X aX g
ST & | TS thdTa aTell G131 # Seac ¢u sTol fanrdY yumelt 31k &=
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eIl (FEX) H FEe1 ATel TTSET T HTAT HY DA FeA T g TaATd T ¢
(e T 373, 2005)]

s f3oTSeT 3R Uede & 323 & Swa¢ T FI c&Tdr WX STel YaTg &I argdr,
Sedc ¢ FI SAMATT 3R doree & W) (ARTeer) Wreex & T37a T faeeryor
el o TIT S19T T TGRIKAT BIdT & | ST Toh TAN9T §AAT HHA =Tgl gidl
&, GHY SIaTdl § 3UaT H1{¥eh &G § AN HAHeAT ST STl §, HECIATel
FI3S SRATAFE (HIUhaY) 379 91 TTeil I ATl (G371 <AeTel) AT SATCH
STet fAeh el eaedT & Sief JaTg & 3ETTT o [T Teh Seepe 3R 3 &7
U A AGIT 3UHIUT AT LT Tof IATE | T & SAAhAT3HT o ot AeToll
#H g=ac ¢u A Hruwsr Arsfeer & fAv fhers forg Alsa (Thuawa 3raTa
Gol deAel YaTg I s, IgTcNSe Jdlg, Udl Fellos Flegse Foll, & &I H
IR P AR (TeT) F W FqFd (RIT ) AT §0) & T Fhfeed
JUeh TXOT Al (STNTH — TSHhIC el AlSH) HT SEIATS [T AT | T
ITHATIAT HISSl 3oloh JANTcHS ST oh AT Hclloleleh & § AT gl g
9T AT| IIATT eI A, JIET F IdT Tell ¢ [oh Teil hl Tcdg Sdc ¢d o
FET FelC & FIR 96 AT &, [T THTATH & IR AlSH el fHaT S
el Fifeh UTell Sl HAg H 3R IGId Feiles dhlegge Foll H HHT el & |
SHTIT, S8 e ol URUT fohU e, TATeT IETTT H ol AsTel YaTE
T 3UgFd HEgeed Fofgs SETAFE (WU HAS, Felhieeh
(SFHHTEY) SATH & HIY deGH 3Th Felgs (ANHTTH) ATSel T SEAAT fehdT
ITT & | 3 dI3TUH ATSol ! IrAfaTes IRUTAT o T1Y 93 YA R A fohar
I & oA aredias e A S8l drel 31 Yardt Higd shdel Ui
dooe (319d1G) HT 39T fohar 3 g1 2 3 (g 3mamE) 3R 3 31 (de
3TATAT) FTHSY FARATOT FTd & fob 2 31 3 31 Y Jolell # UIST A Sea¢ U
T gaTdr T Afasgarol aXar g, St T dgifae 3R gaemcAs &9 & 3fd
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g, Fife 3 Y ATsfolT A, AT I IRt & e Il g1 aTl ddIoce, Trel
% & 9T & HROT, 3fF AT A Sea¢ T H TR & (S fr TaecHs &9
a ot q@r Iar g ) 3R IR0 TawT SArer g87ar (69 sfthersd)) &t ITg AT
1 HiasIEToN BT &, St foh SeFdes a 313 (2002) & 3TTAT & ol &
T3 3 Y Aol ST Z&TAT Y e AT ST IR Tha &1 FrT Telic
% FHW e H TAg (Seeguadl-aiel TIhH WHSd) HT HUHST garT
TASTToft &l & TeleT TAaMcHD T & AT IS Uil 1 Hg & HT a5
€| S8 3elTaT, HITHST GaRT AT FaTg &7 Sl ol HoT Bid del e
(d3msdr-arfeare AT AR FT 3TART Fd ‘g’(fuq‘ldncﬁqo G F AT
T qaiT (FATHET AT I11T) & AT FATToleTeh GI1 F Jolell T IS | TcreTeT
IEITA F MR W, Tg TAshy [Hhrelr ST TeheT & fF Teih e (THHTY)
SINTH &A1Y dlcgH 3HTh Fo[gs (ANINTH) HIST UHUATH T Jolell &
ged< ¢U & HITEIHIT Y&l 3R fSSise favelvor & fav I8 v 3uged
Ut Aisel ¢ | I8 ¢ T fohar aram & fob 2 S Alser 3 S ATS o & Hehledl
& Ueh &1 J[UTTcHD TROTAT T $fasFarofy 3dr &, Afehet ATACHS T E, 3
Aisel TAIEIe: IROTAT & HbEd HIH TS (ITaa#d) IRomA A
sifasTaroft aar g
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