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Abstract

The common configuration of rivers is a main charftamked by flood-
plains. During flood events, the main channel is erough to discharge
the flow and the floodplains are submerged. The emiom transfer due
to the difference of the velocities between the-sedtions generates a
complex 3D flow structure. For the study of thduehce of this structure
in flow modeling, measurements of the velocities iprismatic compound
channel have been made. Seven 1D methods to coriputib-section
and total discharges were applied. Comparisonsdegtwexperimental data
and modeling reveal good agreement when simple sdbat indirectly
take into account the momentum transfer are applied

Introduction

The present paper presents a study of the flow eomapound channel.
This configuration has extreme importance becansenany cases the
main channel of the rivers is not enough to disghdhe total flow, mainly
during flood events. In these cases, the flow imtes! the surrounding
fields, called the floodplains. Therefore, the commntonfiguration of the
rivers during floods is a compound channel flow.evehone can observe
the interaction between the main channel and teglfilain flows.

The traditional method to study the flood inundatis based in an old
approach that simply divides the total cross seatiith vertical divisions
in the interface of the main channel and the fldaiths. Besides that, new



1D approaches can take into account the interatigdween the flows in
each subsection.

This paper intends to improve the knowledge offtbe in compound
channels. So, experimental results were comparéd 10 modelling of
the flow in this type of channel. The data showethe present paper cor-
responds to an upgrade of the work presented in [1]

Theoretical background

The water depths in a single channel are accurastiynated since the
equation proposed by Antoine de Chézy [2]. Thisdsthe case for com-
pound channels, because of the velocity gradiettden the flows in the
main channel and in the floodplains, where the nadpth is lower and, in
many cases, the roughness is higher. This gragdesrgrates a mixing lay-
er in the interface which creates a 3D flow struetgf. Fig. 1).

Fig. 1. Flow structure in a compound channel [3].

The discharge capacity of the main channel redaodsthe floodplain
capacity increases, generating a global loss inatiaé discharge capacity.

The 2D and 3D methods include some of the chaiattsr of
compound channels. In engineering, due to the amoludata required
and the processing time, 1D methods are often meefe Still, the
momentum transfer should be taken into accounDimbdeling [4].

Since [5] presented the first evidences of the fidvaracteristics in
compound channels that there have been attempt®delling it. [6] re-
ferred the difficulty of the developed formulasti®e applied universally as,
in many cases, they had been set based on a reaonceoht of data.

Modelling the flow in a compound channel as a sengilannel by ap-
plying a formula of resistance to flow does notetalto account the sub-
section velocity differences. [7] suggested thdsitm of the channel in
subsections where velocity and roughness couldbhsidered as uniform.
This method, called the Divided Channel Methodsti# widely used in
commercial models as HEC-RAS [8], ISIS [9], SOBEKIaMike 11 [10].



As pointed out in [9] this treatment of a compowtgnnel assumes that
there is no interaction between the subdividedsadespite the existence
of mean velocity discontinuities at the assumeerivdl boundaries. There-
fore the simple division of the channel in subsetiis not appropriate for
modelling the discharge in compound channels [6].

Different methods had been proposed with the atteémmodel the in-
teraction processes that occur in this type of $lowcluding the mass and
momentum transfer.

According to [9], these methods can be divided Bitgroups: i) meth-
ods that change the sub-area wetted perimetersgiifiods that made dis-
charge adjustments (with the experimental datagxample); iii) methods
that include apparent shear stresses on the sabeivision lines; iv)
methods where the lines are located at zero shesmssv) methods that
combine different divisions of the channel.

In this work, seven methods were used to modehedlow in the com-
pound channel. Its computation procedures are pregen the Annex 1.
Firstly, we used the two traditional methods catBdgle Channel Method
(SCM) and Divided Channel Method (DCM).

From the groups presented before, we used the EateMethod (CM)
and the Debord Method (DM) from the group ii), tBechange Discharge
Method (EDM) and the Interacting Divided Channelthe (IDCM) from
the group iii) and the Weighted Divided Channel Met (WDCM) from
the group v).

Experimental component

The channel used in the present work is locatatienFluvial Hydraulics
Pavilion of the National Laboratory for Civil Engiering, in Lisbon. The
channel has about 10 m length and 2 m wide. Theestd the channel is
1,1x 10° m/m. The cross-section is symmetrical and it imposed by a
0.4 m wide and 0.1 m high main channel, flankedway floodplains 0.7 m
wide. The transition between the subsections isemadbanks with 45°
slope. The channel bottom is made of polished @taciFig. 2 shows a
photograph of the channel and a schematic crosmsec

m
Floodplain Main channel :‘" "'

Fig. 2. Compound channel.



Following the recommendations of [12], separatetnlere available
in order to avoid the mass transfer between suiossctThe discharges for
the main channel and floodplains were monitoredviy flowmeters and
controlled by two different valves. Honeycomb dééus and polystyrene
plates were located at the beginning of the fluongtabilize the flow.

The flow regime is subcritical and the water deptlese controlled by
three horizontal axis tailgates located at the dsikeam end of the chan-
nel. It was possible to define two different watarels, one for the main
channel and the other for the floodplains.

Water levels were measured with three hydrometenxs,of them fixed
at the upstream and downstream sections of theeflama the other is lo-
cated in a movable trolley.Velocity measurementsewsade using a Pitot
tube with a 3.2 mm diameter. The difference betwstatic and dynamic
pressures was measured with a differential pressameducer.

Experimental procedure

For the presented compound channel, the distribubibthe discharge
between the main channel and the floodplains was kmown. The
procedure used to obtain an uniforme flow startghvthe distribution
given by the Weighted Divided Channel Method [18]ith this first
discharge distribution, the water levels were auatt with the tailgates in
order to achieve an uniform water depth along th&noel. Reached the
uniformity, the discharge distribution at the dotveam section is
compared with the upstream distribution. If thettgem and downstream
distributions match unless 0.1 I/s, the uniformimegy has been achieved.
Otherwise the measured discharge distribution isosed upstream and
the procedure is repeted (normally 2 or 3 iteratjon

The velocities were measured in 45 verticals withr B points each for

the floodplains and main channel, respectivefyKig. 3).
|

Fig. 3. Mesh for the velocity measurements.

For each vertical, the depth-averaged velocity e@sputed from the
velocity measurements in 5 or 6 points using ttieieng equations.

U &€ = (75XU by, +15XU 50 +20XU 45 +20%U 5 +30xU,,,)/200 (1)

u2e = 25%U o +10%U 0 +15%U o +20%U g, + /100 )
+20%xU gy, +30xU g,



In which Uy, stands for velocity measured at a height equ&Ptoof the
water depth;U?"® for average velocityymc" for main channel!fp" for
floodplains andbot” for bottom. The egs. (1) and (2) were obtaingd u
ing measurements of vertical profiles of velocitighal8 points. For these
profiles the average velocity was calculated anchgared with several
equations assuming the knowledgement of the vglatitthese 5 or 6
points. The best results were obtained with thgsatons.

Analysis of results

Results

Four different tests have been made correspondinglative depth, ;h
(relationship between water depths in the floodpkaid in the main chan-
nel) approximately equal to 0.1; 0.15; 0.2 and Ul discharge distribu-
tions are shown in Table 1. The average velocitstrihutions are
presented in Fig. 4.

Table 1. Results of the discharge distributions.

Relative Flooplain: Main channe Total
depth, h(-) discharge (I/s) discharge (I/s) discharge (I/s)
0.1 3.2 34.5 37.7
0.15 6.2 38.6 44.8
0.2 11.2 42.2 534
0.3 274 533 8C.7
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Fig. 4. Velocity distribution in the cross section.

Comparison between experimental data and 1D modeling

The results from the 1D methods presented in thee&ri were compared
with the results from the experimental tests. Tdamparison covered the
total discharge and the sub-section dischargesethds refereed by [9], it



is essential to perform the analysis for each silise The assessment of
the accuracy by each method is based on the ctoularrors computed
by Egs. (3) to (5).

EI’I’OTmC (%) =100x (in\:ceasured_ Qrgslculated)/in\:ceasured (3)
Errorfp (%) =100x (Q %easured _ Q%alculated)/Q?{lJeasured (4)
ErTO g (9)=100x (Qied - Qi aes) Qptegsures (5)

In which Q"¢ stands for measured discharge ap@°'®* for the
discharge calculated by one 1D method.

In Table 2 the errors obtained for each subsedhiut for the entire
channel by each method are presented. The reduhge dable 2 are pre-
sented graphically in Fig. 5.

Table 2. Errors obtained by applying the differébt methods.

Method SCM DCM CH DM EDM IDCM WDCM
Relative depth (-) Errors in the main channel discharge evaluation (%)
0.10 38.1 -106 -29 -57 13.2 31 -2.0
0.15 36.3 -82 1.1 -0.7 158 15 24
0.20 31.6 -104 0.7 -03 139 18 25
0.30 223 -139 -20 -25 9.1 2.3 2.0
Relative depth (-) Errors in the floodplain discharge evaluation (%)

0.10 -946 6.3 -1.2 -6.8 -42.7  -129 -6.3
0.15 -58.2 111 52 -19 -25.4  -6.2 -0.8
0.20 -344 148 101 27 -12.8 -0.8 3.4
0.30 -19.1 112 11.2 29 -7.3 -2.6 -0.7
Relative depth (-) Errors in the total discharge evaluation (%)

0.10 268 -9.2 -2.8 -5.8 8.5 -3.9 -2.3
0.15 232 55 1.6 -0.9 10.1 04 2.0
0.20 178 -51 27 03 8.3 1.2 2.6

0.30 8.2 -5.4 23 07 35 0.6 11
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Fig. 5. Error in the calculation of the dischargesMain channel; (b) Floodplain
and (c) Total.

From these results, it can be seen that the SC8lindag an average
velocity for whole cross section tends to undemeste the total discharge.
The opposite happens with the results obtained BEM. The simple di-
vision of the channel, without considering the iiat¢ion between the sub-
sections, leads to an over estimation around 109é.clerestimation oc-
curs also for the calculation of the dischargehi@ tnain channel and the
opposite in the computation of the discharge infibdplains. This result
is due to the non consideration of the decelerdtian the flow of flood-
plains causes in the main channel flow and viceazer

With the exception of EDM, all proposed methodgiiave the results
obtained with DCM for total and sub-section disges: For the calcula-
tion of the total discharge, the method with bepterformance is the Co-
herence Method, with errors below 2%.

The WDCM is the method that shows a better ov@eiformance pre-
senting errors around 2% for the majority of thaations and for the three
flow discharges studied.



As the water depth becomes higher, the resultdrobst all methods
improve, revealing a gradual reduction of the mt&on between sub-
sections, i.e. a reduction of the effect of largals vortices in the momen-
tum transfer.

Conclusions and recommendations

In this paper an experimental study of the flovaicompound channel was
presented. The collected data was used to evahmfgerformance of sev-
eral 1D methods available in the literature.

The modelling of the flow was done using 1D methadd the results
were compared with the experimental data. The tepagint out that when
the flow overflows the main channel and inundakesftoodplains, the ef-
fects of the interaction between the main channdl ffoodplains should
be taken into account. Errors when one uses a sidipision of the chan-
nel are up about 10%. With a greater range of d&td,points to average
errors of around 20%. The errors in the flow disition between main
channel and floodplains are higher and show the neexamine individ-
ually the subsection discharge. A relevant aspedhé fact that DCM,
commonly used in commercial models, overestimdiesdischarge for a
given water depth, which goes in the opposite tivaf safety. Alterna-
tive methods to DCM take into account the intemactbetween the dis-
charges in each subsection namely the momentumsféraand improve
the results of both the calculation of the totadl @b-section discharges.
For performed tests, the CH and the WDCM showedbiiter perfor-
mance. For this reason and because they are simjptglement, their use
in engineering case studies should be assessed tiwhahannel or river
has a compound configuration.
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ANNEX 1. 1D METHODS

Single Channel Method (SCM)

This method does not divide the channel and coreidié as a single
channel assuming an average velocity for the winbiennel. Using a
global roughness coefficient, this method compthestotal flow through
a flow resistance equatioa.{.Manning-Strickler).

Q =K R%A 2 (6)
In which Q stands for the dischargk;for the roughness coefficieri®

for the hydraulic radiusA for the cross section area angf@ the slope of
the channel.

Divided Channel Method (DCM)

This method proposes the division of the channdhiee sub-sections,
namely the main channel and the lateral floodplaiihe typical division is
through vertical lines, where the total flow is givby the sum of sub-
section dischargesf( Eq. 7).

Q =30 =3 KR%AS? (7)
i i
where the index indicates each subsection.

Coherence Method (CM)

The Coherence Method was developed by [15] anchproves the re-
sults of the DCM, making it the most appropriate ¢ompound channel
flows. This method uses two coefficients for théuatinent of the sub-
section discharges. The coherence (COH) is théiae&hip between the
discharge given by the SCM and the DGifl Eq. 8).

QSCM
QoeH (8)

The closer to 1 is this coefficient, the more ajppiaie is to treat the
channel as a single one. When this coefficienigisificantly less than 1 it
is necessary to apply a different coefficient, edlDISADF in order to
correct the discharge in each subsection. An aisabfsthe experimental
results has split the flow in 4 regions accordingthiie relative depth of
each onedf. Fig. 8).

COH =
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Fig. 8. DISADF coefficient.

[15] present the formulas for computing the DISADFeach flow re-
gion. The discharge is then obtained by the foll@équations.
Q = Q"™ - DISDEF For flow region 1 (9)

Q = Q"™ x DISADF For flow region 2 to 4 (10)

Where DISDEF is a factor called discharge defidiick calculation pro-
cedure can be found, for example, in [16].

Debord Method (DM)

The Debord Method (Formulation simplifiée Debord tie original
french designation) proposes the correction ofrésellts obtained by the
DCM [17]. The basis of the correction is a set xpeximental tests con-
ducted with 16 different configurations. In thosssts, the flow in the
compound channel was compared with the flow inittteependent sec-
tions (vertical separations were placed in therfate). [17] concluded
that the relationship between these flows deperaislynon the relation-
ship between the roughnesses of each subsectienniethod models the
discharge in each subsection with the Eqgs. (11)&a2d

Qne = PR O ALK (11)

Q, = ‘/1+%(1—¢2) KRy 5 AS 2 (12)
P

In whichg stands for the experimentally coefficient given by:
¢= ¢0 2019(ch/Kfp)%’ for R|C/R|p >0,3 (13)

o3 lopdeof e )| oro<,Ruz03 (g



Exchange Discharge Method (EDM)

This method is based on the concept of the appaterdr stress. The
basis of this method is the integration in the sresction of the equation
of momentum conservation. After some simplificaicand mathematical
operations this equation could be written for treimchannel and for the
floodplains as showed in Eqg. 15 and 16.

,0 [ g [ AT'IC [ So + (hnt,rig [Tint,rig + I]’lt,lef [Tint,lef )_ To [Pmc = 0 Main Channel (15)

PLYLAL LS, —hy [T, -7, [P, =0 Floodplains (16)

In whichp stands for the density of watgyacceleration due to gravity;
hn— interface heightr,, — Boundary shear stresg;— Apparent shear

stress;p — wet perimeter; "rig" — right; "lef" — left.

Modelling the boundary shear stress it is only ssag/ to know the
value of the apparent shear stress to calculateativey curve of a com-
pound channel.

EDM models the "momentum transfer due to turbulértbeough a
model similar to the mixing layer model [18], olniaig Eq. (17) for ap-
parent shear stress.

1
Z-int = Ewp(u me u fp )2 (17)
In which (¢ stands for an experimental parameter dnstands for av-

erage velocity in a single subsection.

EDM also models the momentum transfer associatéd twe geometry
(including enlarging or converging main channeighat is outside the
scope of this work.

Interacting Divided Channel Method (IDCM)

This method was developed by [10] and it is alseedan the apparent
shear stress concept (Eq. 15 and 16). This metbesl the formulation of
[19] to model the momentum transfer in the integfagbtaining the Eq.
(18).

1
Tint = Eyp(u rf\c -uU fzp) (18)

In which y corresponds to a coefficient, having been obtafrad ex-

perimental results collected in literature ([10ggast 0.02).



Weighted Divided Channel Method, WDCM

The Weighted Divided Channel Method was developed1B] and it is
based on the observation of the velocity distriimgiin the main channel
and floodplains. This method consists in a coroectf the DCM in order
to integrate the effects caused by the momentunsfiea by a weighting in
the results of velocities obtained with verticalldrorizontal divisions be-
tween the subsections. The equations for the ntenrel and floodplains
are presented below.

Upe=¢Unc" ™ +@L-OU "™ (19)
Ufp :éUEI))CM—V + (1—5)U gCM—H (20)

In which “DCM-V” stands for the results of DCM with vertical divi-
sions;"DCM-H" with horizontal divisions ang for the weighting coeffi-
cient for the WDCM (from the experiments of thetaus for equal rough-
ness of the subsections the value of this coeffiége0.5).



