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This study is concerned with the flow characterstin compound
channels aiming to predict an accurate method fstineating the

discharge passing through compound sections. Alsdiming to study
the flow characteristics of compound sections arnyng to develop
formula defining the flow behavior and its dynamias compound
sections. The study is performed experimentally ainrectangular

compound section having a single floodplain. Thiglteof main channel
is changed twice to take 9cm and 15 cm. The chabedl slope is
changed between 0.00243 up to 0.0037. The rouglufi¢ise channel bed
is changed twice. The discharge is changed to givange of Froude
number between 0. 12 and 0.73. The ratio of flamdpdepth to the main
channel one (df/dm) is changed to take values ltve22 and 0.78.
Vertical photos are taken to define the lateraloedty directions. The
velocity is measured by a calibrated current metdre actual discharges
are measured by means of a calibrated nozzle —rmeétee results

revealed that the interaction between floodplaird anain channel is
minimum at a horizontal plain having a level eqtea0.4 floodplain depth
(0.4df). The best subdivision used for dischardenasion with minimum
error is found at this level. It is found that, tlkapacity of compound
section increases in a linear relationship with th&o of floodplain depth
to that of main channel.

KEYWORDS: Compound Channel, Discharge Assessment, Flow
Characteristics.

NOMENCLATURE
Ay, cross-sectional area L? S longitudinal bed slope of
of floodplain the channel
A,. cross-sectional area L2 U total calculated mean LT?
of main channel velocity
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Ar  the total cross- L? U*  shear velocity due to LT
sectional area of flow skin friction or grain
roughness (gR'S) 1/2
b total channel width L u measured local velocity LT™
(bet+byy) at distances (X and 2)
by width of floodplain L \% calculated depth average LT*
velocity
bn  width of main L v depth average velocity LT
channel
D total flowing depth L W  measured lateral LT
(de+dm) velocity at distances (X
and 2)
ok floodplain total L w  weight of control M
water depth volume
dn  height of floodplain L X lateral distance measured L
bed level from main from floodplain wall
channel bed level
Fr,  floodplain boundary MLT? x"  afunction of ksj -
shear force per unit
length
Fne. Main channel MLT Y local depth measured L
boundary shear from floodplain bed
force per unit length level
g the gravitational LT 4 local depth measured L
acceleration from main channel bed
level
K roughness height L 0 boundary-layer L
thickness
Ks  equivalent grain L y  specific weight of water ~ MET?
roughness
P,  perimeter of L u  absolute viscosity, and gML*T™!
interface between is the gravitational
main channel and acceleration
floodplain
P,  Wetted perimeter of L v kinematic viscosity Tt
floodplain
Pme Wetted perimeter of L p liquid density M3
main channel
Q. total calculated L3 1,  apparent shear stress ML 2
discharge
Q. total measured L’T* 1, floodplain boundary MLT

discharge

shear stress
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Quman Measured discharge L°T' 7,  Main channel boundary ML™T?
at main channel shear stress
(discharge at the
zone below the

junction)

R hydraulic radius L 70 average shear stress oveWL T
(A/P) the cross section

R'  hydraulic radius due L 7 drag force due to grain  ML™T?
to grain roughness roughness

INTRODUCTION

Over the years, considerable research has beemtakele to investigate flow in
compound channels, aimed at understanding the teteucoof flow and at the
development of accurate methods of discharge estimgl-13]. Experimental
investigation by Myers [1], Wormleaton et al. [®night and Demetriou [3] and
Mohamed [4] displayed the boundary shear stress distributionqtantify the
momentum transfer mechanism in terms of apparegarsforce acting on the main
channel/floodplain interface. Rajaratnam and Ahnj&fpresented a laboratory study
of the interaction between the main channel anatfiplain flows for a straight smooth
main channel. Accordingly empirical relationshifs/é been developed to express the
apparent shear stress (Myers et al, [6]). The fiesistance in compound channel was
investigated by Myers and Brennen [7], Ali and Maiea [8] and Lambert and Sellin
[9]. The major area of uncertainty in river chanmlalysis is that of accurately
predicting the capability of river channels witlodtplains. Martin and Myers [10]
stated that conventional methods of discharge atitim for compound river channels
were shown to have an error of up to + 25%. Reda®rdstigations carried out by
Cassells et al. [11], Knight and Brown. [12] andnkgs et al. [13] have focused on
discharge prediction in straight mobile bed comgbahannels, examining the impact
of sediment movement in the main channel on thehdigie capacity of both the main
channel and floodplain. The most commonly used aeetbr calculating discharge in
compound channels is the divided channel methodMP@ which the compound
cross-section is divided into hydraulically homogeus sub-areas (Bousmar and Zech,
[14]). Lambert and Myers [15] developed a new apphp termed the weighted di-
vided channel method (WDCM). In which the locatioh the main channel and
floodplain interface is variable and dependent umorweight coefficient. This
coefficient is used to improve the estimation ofamdlow velocity in both the main
channel and the floodplain. The single channel p@g8CM) is a simple model of
computing uniform flow in a compound channel. Iistimodel the channel is treated as
a single unit with some appropriate averaging foe friction coefficient. The
composite character of the channel is discardedthadvelocity is assumetd be
uniform in the whole cross-section. Using experitakobservations and data from a
natural compound river channel, Myers et al. [T&jvged that the (SCM) significantly’'
underestimates the compound discharge for low fepths.

In this paper, the characteristics of flow in compd channel with single
floodplain are investigated. Based on the expertaleand theoretical approaches the
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flow is depicted and a method of accurate estimatib discharge in compound
channel is proposed and verified.

EXPERIMENTAL SET-UP

Experiments were performed in a tilting flume o€temngular cross-section 300 mm
wide 300 mm height and 13.5 m total length with01@. length of glass sides and steel
painted bed. The flow was made re-circulatory bingisa centrifugal pump. The
apparatus is shown schematically in Fig. 1. The flates were regulated by means of
a gate valve located in the delivery pipe and wassured by a calibrated nozzle
meter.The required compound cross section is formed Wwp@den block with 15*15
cm and 15*9 cm in cross section (see Fig.(2)) an8Am in length. The upstream end
of the block was made sloped to decrease thedigairbances of the flow. The block
was coated by water proof chemical material to @néwood absorption of water. To
take measurements of the longitudinal velocitiesalébrated current-meter was used.
A digital camera (resolution 3.5 Mpix with macrotiop 25-30 cm) was used to take
vertical photos (6 photos/minute) for determinirige tdirection of lateral currents
which impinged from main channel to floodplain isesversa.

Tuff method with the digital camera and using ACAEBbgrams were used for
the determination of lateral velocity directionslaralues.
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Fig.1: Schematic representation of the experimesgialp
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WOODEN BLOCK END

FLUME CROSS SECTION.

Fig. 2: Cross sections and inlet end of woodenkbtwoss section

DIMENSIONAL ANALYSIS

The variables considered to investigate flow thtoagmpound channels include: total
channel width b, width of floodplain,bwidth of main channel.p total flowing depth
D, Floodplain total water depth, cheight of floodplain bed level from main channel
bed level ¢ , roughness height K, longitudinal bed slope af thannel S, lateral
distance measured from floodplain wall X, local tlemeasured from floodplain bed
level Y, local depth measured from main channel bmdl Z, total calculated
discharge @ total measured discharge,Qmeasured discharge at main channel
(discharge at the zone below the junction),Q total calculated mean velocity U,
shear velocity over the compound section tdeasured local velocity at distances (X
and Z) u, calculated depth average velocity V, mesklateral velocity at distances (X
and Z) W, apparent shear stregsaverage shear stress over the cross segtitiquid
densityp, absolute viscosity and g is the gravitational acceleration.

From these parameters, one can have the followinctibnal relationships;

@b, b b ,D, d ,dn,Y,S, X, Z, Q, Qn, UV, 14 10, p, 1, 9)=0 @
Using the dimensional analysis and applying thespprties, one can have:
(V/U or QJ/Qm or Qv Qmain OF T4/t0) = @ (dk/dy, , X/b, S ,Up.D/ p, ) 2)
In which u/,/gD is the Froud number.FU.p.D/ p is the Reynolds number {R In
open channel flow Rhas insignificant effect [17 and 18], so it maydrepped from
Eq. (2). So Eq. (2) may be written as:
(VIU or QJ/Qm or Q/Qmain OF T/T0) = @ (di/d , X/b , ) 3

THEORETICAL BACKGROUND

For any regular prismatic channel under unifornwfloonditions, the total retarding
shear force acting upon the wetted perimeter isletguthe component of the gravity
force in the direction of the flow. The gravity é@ component over unit length of
channel is given by:

F =wsind = yArS 4
For a typical compound channel, the boundary stugee per unit length is given by:
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F= ch + Ffp = (Z’X I:))mc +(I'>< P) fp (5)

Equations (4) and (5) must be balanced overalafgr compound section. Moreover,
the equilibrium between boundary shear and gradtges must hold for any sub-
division of the compound channel (see Figs. (3)@)d For the shown subdivisions, a
part of the boundary shear force is provided by #téing upon the interface between
the adjacent subdivisions. This forcg was termed the apparent shear force as shown
in Figs. (4a and 4b). It was selected due to tkaltef lateral velocity. At this force,
both the lateral velocity and percentage erronsétthrge (%error in Q) tend to be zero
at any interface between main channel and floodmfter assuming that the vertical
interaction also equal zero at that interface. Suitisig A, for cross sectional area of
the compound channekAn Eq. (1), and assuming the difference betweeridrces in
Egs. (4) and (5) equals to the apparent shear ,ftineefollowing expression for the
apparent shear stress may be obtained,;

1
Ta=F(VXAW><S—(T><P)mc—(TxP)fp) (6)
a
in which t, = the apparent shear stress acting upon the adsuteeface which has a
total length ofP,.

In Eq. (6), the values oA, P., can be easily obtained, for any interface
location, from considerations of channel geomeiry depth of flow. The value of the
average boundary shear stress in the champeguld be calculated over the section.
An expression similar to Eq. (6) can be deducedhfamuilibrium considerations on
floodplain subdivisions as in the following from;

Z-a:F)i((rxl:))mc-'-(rxl:))fp_yx'b‘fpxs) (7)

a

0.4df

Fig. 3: Channel cross section showing alternativesface planes
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Fig. 4: Exploded view of compound section showioigés acting on subdivisions

CALCULATION OF SHEAR STRESSES ON BOTH ROUGH
AND SMOOTH COMPOUND CHANNELS

Rough compound channel: The shear stress acting along rough channel bedean
determinate by:

T =yS(R) (8)
Yang [11] suggested different methods for the determinatériotal roughness or

resistance to flows. One of these methods exprefsegesistance due to grain
roughness or skin friction by:

U/U. =5.75 log (12.27 (R X") 9
The value ofx" depends on ks/ [1%], where
0 =11.6/ U% (20)

With the given values of U and the value of R' can be computed.
smooth compound channel: Shear stress around the compound section cowdddiby
calculated as follows:

=yS(R) (11)

RESULTS AND DISCUSSIONS

Stage Discharge Curve: In both rough and smooth compound channels, the
relation between total measured discharge in comgphahannels and water flow depth
Z (stage discharge curve) are shown plotting in &Y Generally it could be observed
that the discharge increases with the increaseaténepth and this trend is the same
for both rough and smooth compound channels. Al$® seen from the figure that the
increasing rate of discharge is faster for watgthie (Z) greater than the main channel
water depth. This means that, the floodplain ireesahe capacity of the compound
section to pass discharges than the extended rhaimel only (see dash line on the
figure. In addition, the effect of roughness isiced where for the same value of water
depth (Z) the discharge in smooth compound chasrgrieater than that in rough one.
Also, the increase in bed slope increases the aligetfor both cases of roughness.
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Longitudinal Velocity Distributions: Figures (6) to (8) show the plot of local
longitudinal velocities (u) against water depth (&lues for horizontal different
distances (X) from floodplain side wall at bed €op.0243 and different floodplain
depth (¢) respectively. It is seen from the figures thiag thaximum value of velocity
in floodplain increases with the increase of floadp water depth and its value is
always smaller than the maximum main channel vglodihis means that the main
part of flow is mainly flowing in the main channeAnother observation from these
figures is that the values of the velocities inseetoward the center of main channel
from the side walls but the rate of their increase delayed at the area of interaction
between floodplain and main channel due to theywred secondary currents.
Comparing the values of velocities for smooth commabchannel with those for
rough one results that, for rough floodplain théoeity near its level is smaller for

same distance (X) than that for smooth one b greater in the lower part of main
channel.
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smooth(s=.00243)
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Values of Q(Lit/sec)

Fig. 5: Variation of measured flow rate Q with flalepth Z (stage discharge curve) for
both rough and smooth compound channels,atlsicm with different bed slopes.
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Fig. 8: Longitudinal velocity profiles for differéiX in case omooth compound
channel, at S=0.00243,15cm andd;=2cm.

Longitudinal Isovel Lines of the Velocities: The isovels lines of the
longitudinal flow velocities are drawn in Figs. @yough (12) for the two cases, rough
and smooth compound channels, at different floodplater depths. These isovels are
drawn to study the longitudinal velocities charastes in both rough and smooth
compound channels. Also to discuss the effect @féhative floodplain water depth to
the main channel water depth/¢d) on the isovels of the longitudinal velocities.eTh
values of (ddy) which presented here are varied from 0.133 t@ @4 both smooth
and rough compound channel. Figs (9) and (10)jgtneel lines of rough compound
channel are presented. From these figures, it @arsden clearly that the max
longitudinal velocities appeared to be around thiezbntal centerline of main channel
and almost located in the upper part of the degpmdl. It's clearly seen from figures
(11) and (12), case of smooth compound channet, tthea maximum longitudinal
velocities in the whole compound channel appeaoeldet near the vertical centerline
and towards the lower half of the main channel.

Through figure (12) which the relative water dejgh0.47, case of smooth
compound channel, it could be seen that there are than one maximum velocity in
different heights.
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Secondary Currents: Due to different hydraulic conditions prevailingthe main
channel and floodplain, lateral vortices are geeeraThese lead to produce lateral
currents from main channel to floodplain or vicasae The produced lateral currents
acted as a medium for momentum transfer betweemtia channel and floodplain
(Patra and Kar [20]). So, the lateral directionghef currents are determined to clarify
the conditions at which the momentum may transfemfor to main channel flow.
Shown in Figs. (13) to (15) are the plot of theediion of lateral current caused due to
the presence of floodplain for both rough and sima@oimpound channels and different
flow conditions. It is seen on these figures thastamllow depths over floodplain, the
directions of lateral currents take place from thain channel flow to floodplain
leading to a decrease in the main channel longialdielocity (see Figs.(6 to 8)). A
single surface vortex is appeared in floodplainisTrocess continues for certain
depths of flow in the floodplain then two surfacertices are appeared one in main
channel and the other in floodplain. As the degtfiawv in the floodplain increases,
the lateral currents are being from floodplain @imchannel and the separated surface
vortices are disappeared. In case of rough floadplae lateral currents shifted
upward. These results are in agreement with Patt&ar [20].

Fig. 13: Secondary currents directionsifough compound channel, at S=0.00243,
dn=15cm andd;=2cm.
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Lateral Velocity Distributions: In order to define the point at which the lateral
current velocity equals to zero (point of separati@tween two velocity directions),
the values of lateral velocities are plotted agaihse depth of floodplain as shown in
Fig. (16) and Fig. (17) for both rough and smoatmpound sections respectivly. The
negative sign of the values of (W) means the latewarent directions are from
floodplain towards the main channel. It is seeat there is one interface between the
lateral currents (zero value of W) at water deptfidodplain equals to 0.4 of the total
floodplain water depth. This means that one caa thls level as an interface level to
divide the section for calculating the dischargecampound channels as it will be
discuses later.

Influence of floodplain on discharge capacity of compound
section: In order to show the influence of the presenciaafdplain in a compound
channel on its capacity of passing discharge, ¢tadive discharge @Qmain With the
di/d., ratio are shown plotting in Figs(18) for rough gmund channel. From the
figure, it's seen that the discharge in compourtticse is increased linearly with the
increase of water depth in comparison with thatestangular section for same water
depth. This means in the range of the present ampetal parameters that the
compound section has a larger capacity for pagdigcharge than the single one for
same water depth. Same results are obtained footencompound channel. It is seen
from the figure that, both the bed slope and thanokl height have no effect on
(Qn/Qmain)- The relationship between@main) and (dd,,) may be represented by:

QO _ 351(0If )+1} R?=0.995

— = — =0. ©)]
Qmain dm

1 A
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Fig. 16: Variation of W values with Y values faugh compound channel, with
S=0.00243, g=15cm anddi=4cm.
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Depth average velocity: The characteristics of flow through a compound
channel section may be represented by the rateepth average velocity (v) to the
total compound section average velocity (U) atedéht lateral distance (X). The
values of (v/U) are shown plotted against (X/b) different floodplain depth ¢tl)
ratios in Fig.(19) for rough compound section islbbserved that the mean velocity
over the vertical distance increasing slowly frdme tvall of floodplain to its end and
then the rate of this increase being faster tow#lrdscenter of main channel. At the
interface of floodplain with main channel thereaigump in the mean value of the
velocity over the depth. This jump is higher ineas$ shallow floodplain water depth.
This may due to the lateral flow currents generatedhis area. For all of (&)
values, It is note that the local velocity (v) elgu@ (0.95 U) at (X/b) equals to 0.53.
Using the method of best fit and regression anslgei empirical relationship may be
deduced and take the following form:

Yooy vy a1 ek +L 1

U G(b) (b) (b) (b) (10)

Where G, H, I, K, L are constants and take theotalhg values at table (1) shown

below:

c/dm, rough

0.133| -18.99| 13.983] 9.9541| -5.654| 0.6096| 0.9862

0.20| -20.45| 20.345| 2.1755| -2.314| 0.3383| 0.9872
0.267| -34.53| 68.44| -47.03] 13.69| -0.505| 0.9784
0.333| -43.13| 81.286] -51.85| 14.34]| -0.731| 0.9885
0.467| -24.62| 38.367| -17.73] 3.799] 0.2559 | 0.9819
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Fig. 19: Relation between values of v/U and X/liosaat compound channel with
rough floodplain, S=0.0243 ang=l5cm.

Estimation of flow discharge: The conventional method of the calculating of
the discharge in compound channel sections divideschannel into hydraulically
homogeneous regions by plains originating fromjthestion of floodplain and main
channel. So, the floodplain region can be consdl&® moving separately from the
main channel. The assumed planes may be eithdreofollowing (see Fig. )3 (1)
Vertical interface (Vj; (2) Horizontal interface (Hi); (3) Diagonal interface (Di).

As was outlined earlier, the intention of the wistés to identify an accurate, simple,
but practicable way of calculating discharge fdrtgbes of compound channels. To
achieve this, the compound channel is divided intmes by preceding easily
identifiable interface planes running from the fiptain-main channel junction. In all
cases the interface length is not included in th#ed perimeter. Manning's equation is
used to calculate the discharge carried out by eacte of the compound section
individually, which when combined together giveg tiotal discharge carried by the
compound section. In the present study, the digelsaare calculated for the following
subdivisions; (i) Horizontal interface with floodph level (H); (i) Horizontal
interface at 0.4QdHy); (iii) two horizontal interfaces one at the lewdlfloodplain and
the other at 0.4QdHg); (iv) vertical interface (Y; and (v) Diagonal interface with
angel of inclination 45 to the horizontal (Di).

All the calculated discharge (Qwith these interfaces are plotted as a ratio of
(QJ/Qrm) against different (#ft,,) values as shown in Figs. (20) to (22) for bothgio
and smooth compound channel with=d5cm and 9cm. The calculated discharges
taking whole compound section with no interfaces.(iNt.) are appeared in the figures
for the comparison. It is observed that a sliglcréase in the value of the discharge
ratio (Q/Qm) with the increase of floodplain water depth fbrcases of roughness and
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interfaces. The best accuracy is observed witlhtdhnizontal interface (B at which the
values of (QQm)=1, but with the other interfaces the values af @RQ)are less or more
than unity. This accuracy is acceptable and ismegended for safety. The roughness
doesn't affect the results. This result is comblatabth the previously obtained from
the lateral velocity distributions.
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—
. —+— + + + +
—~~ 1 L —
£
04 W
30.8
% —&— No.Int.
[0} 41 —&— Hi
gO.G DI _HLD_‘“ - Idf DI ;Iimtﬂ_eldf'j r—--—-—-x +0.4df Vil
§ Idm L 1 _Idm dm — Di
0.4 — bm bf bim bf ‘W'GTD —] HE
H-I:E) W QICIgI“tS (H.) 3pahrtg[|_| } ——Hfi
0.2 +— "=y f f
0 ‘ | ‘
0 0.2 0. 0.6 0.8
Values O?(df/dm)

Fig. 20: Relationship between the valuesi,dand(Q/Q,) for different cases of
Subdivisions with rough compound channel at S=34302and g¢=15cm.

Verification of The Discharge Assessment Results: To verify the
previous selection of the horizontal interface ).4apparent shear stress is calculated
as a ratio of the average boundary shear stress around the cochsaction €y/t.)
and compared with that at conventional horizomtdrface (H). Figure (23) shows a
comparison betweern,t,) at both mentioned interfaces for both rough amdath
compound section, respectively. It seen clearly tihe apparent shear stress at Oigid
smaller than at Hi, although it increases with itherease of d Confirming that the
interface at 0.4ds a good choice for dividing the compound section
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Fig. 21: Relationship between the valuesi,dand(Q/Q,) for different cases of
subdivisions with rough compound channel at S=0/0&8d ¢=9cm.
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Fig. 22: Relationship between the values #ddand(Q/Qy,) for different cases of
Subdivisions with smooth compound channel at S=818p0and ¢=9cm.
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Fig. 23: Comparison between the ratigtw,) for horizontal subdivision with different
ratios of (¢/d,,) for rough compound channel, at S=0.00243 apd. Scm.

Also, the total discharge passing through the camgaosection is calculated
(Qc) as follows 1) the cross section is divided into vertical subsections and by
integrating the velocity profiles, 2) by using Mamgis equation for uniform flow at
(Hp) subdivision. The values of these discharges (&¥e) plotted against the total

measured discharges (Qm) for both rough and snuwtipound sections as shown in
Fig.(24). From the figure it's seen that, mosth# points are colustrated the line of
equilibrium. This confined the accuracy of the a#dtion of discharge by the

mentioned methods.

CONCLUSIONS

From the analysis of both the theoretical and @rpartal results on the compound
cross section of sloped-bed channel and for thgerar the investigated parameters,

the following main conclusions may be drawn:
1. The best subdivision found at which the dischamayelwe calculated accurately

for compound channel is horizontal interface atd).4
2. The characteristics of flow through compound chawii one floodplain are

analyzed well.
3. Empirical relationships are developed defining fleev behavior and its

dynamics for compound section.
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Calculated discharge Qc (Lit/sec)

Fig.
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24: Variation of the calculated discharge)(@nd the measured one at rough
and smooth compound channeth W=0.00243, &15cm, k=15cm,
g=15cm and g2cm.
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k — ¢ (turbulent kinetic energy and dissipation rate)deidor the




