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EXPERIMENTAL WORKS FOR DETERMINE  MANNING'S
COEFFECIENT ROUGHNESS IN OPEN CHANNELS
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Abstract

A Laboratory study was vonducred in a tilting flume, 0.6 m wide and 3.0 m long to
study the effect of regular and irregular bed material on the rexistance 1o the flow of
different bed material.

The results show that the maximum increase in Manning's roughness coefficient
kappens when the bed is reguinr and the maximam reduction in Manwing roughness
coefficient happens when the bed is irregular .
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1- Introduction

_ The design and  executing of
nrigation projects nced to .spend a high
cost and a big fatiguing in accomplishing
the parl of open channel work which is

almost buili in or overlaid by concrete that

have a high cost .

Open channel flow is defined as
flow in any channel where the liguid
flows with a free surface.

Open channel flow is not ander
pressure ; gravity is the only force that
can cause flow in open channels and a
progressive  decling in water surface
elevation abways occurs as the flow
moves downstreamn. It is divided into :-

1. Naturally open channel which
include : rivers ,strearns, creeks |
discharges from tailings ponds , and
other uncovered conduits. The
naturally open channe! is
distinguished by its non uniform
hvdraulic characteristics.

2. Artificial open channel such as
navigational chamnels | glectrical
channels, drainage channels, adits,
tunnels and ventilation shafis, can
be treated as open channels when
flowing partially full and not

under pressure,

The hydraulic characteristics
of this type of channels is
govermned by design requirernsnts.
The artificial channels shape is
" different in its Section .that it can
be rectangular, trhangular or
trapezoidal |

The increasing requirements to
water resources require to search
and find the economical easy way
to build irrigation systems which

js easy in design, execution,
maintenance and management .

Water flow in nataral or
artificial copen channel is exposed
to losses in energy due to friction
belween water and channels' bed
or walls,

In bed rivers, when the bed
forms are ripples or dunes,
resistance to flow is mainly due to
shape of these  roughness
elements, However, in rivers
whose beds are composed of
different materials will cause main
effects on 1the roughness resistance
to flow in the latter type of river
which have been studied by many
researchers, such as Arcement [1],
Colling [4], Downs [6] , Leopold
[8], and Ringman [12].

The basic parameters which
affect the manmping roughmess
coellicient are shape end spacing
of roughness ,the channel shape,
alignment and stage.

Many rescarchers  have
found out thearetical relations that
comnect between various flow
parameters and velocity of lNow
such as: Dingman [5] Motgomery
[9], Naiman [10] and Rogen [11].

In this study , the effect of
bed material will be considered .

The experimental wioTK
conducted to test the roughness
coefficient of open channe! bed
simulate what happened in rivers.
That is done by replacing channel

bed materials by many types of
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materials, Also, the section of the

channel was changed by being

contracted. This was done by

putting an obstacle in one or beth
gides.

The aims of this study it to do an
experimental study to calculate Manning
coefficients and measure the discharpe in
the channel by changing the tvpe of the
bed material.

2- Experimental procedure

The experimental programming
was conducted in a tilting flume 3 m long,
0.6 m wide. Fig.(1)

The equipment consists of a
recirculating  rectanguiar  open  flume.
There are three main parts of the flume:
the inlet tank, the working section and the
discharpe reservolr tank. A drop — tight
adjustable overshot weir with upstremn
sand trap is accommodated within the
discharge tank. The inlet tank
incorporates a  perforaled baffle plate
whichk spreads the flow evenly across the
width of the channel. A pair of adjustable
instrument rails are fitted to the top flange
of the channe} and they exiend over the
full length of the working section. One
rail also camries a positioning scale. A
depth gauge is used to measure the water

“level. The flow of water is provided by a

gentrifugal pump. The flow rate is
measured by 2 water meter.

Different matenals were used to
the bed flume .

Thirty six experimental runs were
performed. In each three of them there
were the same bed materials whereas
both the depth of water and the discharge
were varied, when the matetial were fied
to the system |

Uniform flow wus achieved when
both the water depth and discharge
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became constant along major portion of
the flumes length.

At this point, depth of water at
different sections and discharge were
recorded .

After the collection of pertinent
data the flow of water was stopped, the
bed was cleared out completely and the
flume was set ready for another run,

Measured and calculated variables
are given in Table (1).

3- procedure of work

1. Maintain a desired discharge in
the channel.

2. Measure the depth of flow at
three cross-sections a long the
length of the channel by using
the depth gauge. Also measure
at each cross-section the depth
of flow at three places.
(transveyscly),

3, Note the initial and final
readings in the water meter and
the time taken for this volume
of water.

4. Determine the bed slope of the
channel by finding the
difference in the depth to the
known length of the channel..

5. Repeat the procedure of ihe
experiment for a  different

discharge.

The method used to calculate the
discharge in an open channel was a
Manning's equation .
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danning's equation used 1o calculate the
average velocity of flow (V) through the
channel section is:-

V=2 RS2 Ll

And by using the equation of
continuity -

Q=V.A a2

thus ,
i
Q= (8.7 A.....3

Where :-

Q : discharge through channel
section (m’/s)

. equivalent  roughness
coefficient (m"'®)

R: Hydraulic radius of channel
section (m).

33 . channel bed slope in
lengitudinal ditection.

A @ Area of cross section of the
channe! {m*).

4- Results and discussion

Roughness coefficient
represents the resistance to flood
flows in channels and flood plain
management , in flood insurance
studies ,and in the design of
bridge and highway across flood
plains.

Suggested values for Manning's n,
tabulated according to factors that
affected roughness are found in
Chow [3] and Grant {7].
Roughness  characteristics  of
natural channels are given by
Bumers[2 | .

In this work we attempt to

* broaden the scope of that work by

doing many experiments to find
manning's coefficient,

The varation of Manning's
roughness  coefficient and  the
discharge are shown in Figs.{2-7)

The resistence of flow seems
to continuously increase as the
discharge was increased if the bed
is regular as shown in figs (2),(5)
because surge waves are formed
and propagated wupstream and
downstream of the obstruction. A
positive surge is one which results
in an increase in the depth of the
stream, The resistance of flow
seems to continuously decrease us
the discharge was in¢reased if the
bed is irregular as shown in figs.
{3), (6). In this case negative surpe
waves cause a decrease in depth of
the stream in spite of the
occurrence of a surge in an
unsteady flow pheromenon.

Figs.(4}, (7) show that the
resistance to flow in a different
bed can become mere than two
fimes stnoother If there is enough
particle to fill the spacing between
ils roughness clements,

5-Conclusions

When the watershed of a
river, whose bed is formed of
different size of materials, such as
gravel or sand, is subjected io a
major storm a large in flow of
sand and gravel size sediment 10
the river can result. This is
especially true i semi-arid and
arid region of the werld. The sand
and gravel size sediment gradually
fill the spaces between the large
roughness  elements and may
submerge  them  compleiely.
Eventually, the river behaves as a
sand bed river,
As 2 resull , the resistance 10 flow
can be changed .

e e ———————eee—
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1.

According to the results of
the study , the conclusions can be
summarized as the following :-

It was noticed that the Manning's
roughness coefficient increases
whenever the bed of the channel
is regular.

It was noticed that the Manning's
roughness coefficient decreases
whenever the bed of the channel
is irregular,

Manning's incorporates many
physical factors including the
channel roughness, irregularity
of the channel cross section
channel aligiment and bends,
vepetation, sedimentation,
scouring and channel
obstructions.

. A general knowledge of water

dischazge distnibutions 1%
extremely Important in
evaluating and selecting a
method of flow measurement.
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Fig. 1 : Plan view of open channsl
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Table (1): Collected data and Computed parameters

1
No. of 1] Y lem) A w.P R S0 n, Type of the bed
experiment | (cm'tsec) {em®™) ©m) | (cm)
I
1 694 35 210 67 3l 0003 ot Uniform sand
1 833 4z 249 8.9 33 OU3T 14
1389 sa 157 83 19 00037 19 :
[} 694 337 202 &6.14 303 2007 M Nop ualfero sapd
I3 569 335 201 6.7 302 001 15
6 125 3,39 24 6678 | 305 081 1
7 41.7 196 1774 5592 2.54 D07 23 Uniform sand with one
s0 328 195 65 | 293 001 27 obstraction
y 55.6 324 19462 | 6648 | 293 031 4
k|
10 o4 2589 17 63,78 261 A2 21 Uniform sand with two
TR il -~ T Y AR St T R G 1Y 27 | onx ' obsiruction
12 1389 38 26 611 32 017 4
13 694 .13 1936 | 846 | 298 7L AB Nuk onitonm szod
14 7.2 481 2406 | 6w0r | 354 D066 47 with otie obstruction
15 1388 182 192 | 6764 | 139 05 35
16 4 AT 1604 [ 1.5 ) 245 03 Th on vniferm sand
17 944 197 1152 | o584 | 266 216 A5 with o gbatruetion
18 1389 419 115 | 6838 | 368 | e P
T3 o am 1844 | G614 | 279 o304 6 Unifarm gravel ‘1
20 9.7 43 2634 | 6878 | 383 M 7
2 1389 437 T 6308 | 396 82 13
22 9.4 318 191 66,56 2157 nia 56 Mom wilform grave!
23 893 443 248 36 | 363 i1 £9
2 1124 4.08 245 6806 | 349 s A9
15 778 4.08 2448 | 6416 | 38 232 00939 Uniform gravel itk
26 26.1 47 386 6954 | 4l a2 T ome obstrucdsn
7 §19.4 475 84 69.46 4l ol4 98 )
28 P Y 3y 1M 662 1 | 0326 3 Unlfore gravel with
29 e 24 a26 | 68 | 303 | 00446 31 Iwe obatroction
30 972 3.4 I 668 3.03 £131 5
11 5.6 36 216 67.2 32 O3B 1.66 Nea uniform gravel
1 "% 14 264 669 | 383 | 0069 T with one obsiruction
33 1111 43 148 656 376 o4 &7
L
3 9.4 x92 178 G554 166 Ay A Moo umifiorns gravel
35 4.4 293 188 | 656 | 167 0015 20 with twe cbetraction
36 1384 a2 253 84 37 0187 19 \

M
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