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ON METHODS FOR DETERMINING THE ROUGHNESS COEFFICIENT OF CHANNELS
ALONG THE PERIMETER

Abstract.The scientific article deals with the issues of uniform movement of the riverbed and the determination of the
roughness coefficient of the riverbed (roughness coefficient). The analysis of existing methods for calculating the difference
in the roughness coefficients of channels along the perimeter, methods for determining the roughness coefficient of the
slopes of channels consisting of two or three parts along the perimeter, well-known scientists - P.N.Belokon, G.K.Lotter,
N.N.Pavlovsky are given.There are a some varieties of calculation methods assigned for hydraulic calculations of water
flow along the perimeter of a soil channel in the field of hydraulic engineering. A number of researchers states that the
roughness of the channel bed imitates the motion of the flow in diverse channels with the movement of the flow under the
ice layer. Nevertheless, it should be taken into account that the roughness of the channel bed has its own characteristic
(specific) features of the movement of water in different open channels and below the ice cover. The common formulas
proposed by number of authors for channels with different roughness along the perimeter cannot be used directly in
hydraulic calculations of the flow under the ice cover, and vice versa, the equations of motion of water flow beneath the
ice cover are not applied even for channels with various roughness along the perimeter. Therefore, the corresponding
choice of methods for determining the roughness coefficients of the canal flow along the perimeter will be the key point
to its long-term functioning.

Keywords: canal, uniform motion, roughness coefficient, steady motion, average speed, channel perimeter, channel
cross-section, hydraulic radius.

Introduction

Majority of canals used in hydraulic engineering have same roughness coefficient on bothonslopes and on
bottom.Due to the long term exploitation there is a possibility of change in roughness coefficient of canal along
the perimeter caused by effluent change during the vegetation period.

Changes in roughness coefficient of slopes and bottom in canal also depends on water permeability and
filtration features on the basic layer. Purpose of our primary research was the common defining of roughness
coefficient by perimeter of canal [1].

Small part of efflunt’s cross-section is key term for the appearance of canal’s considered roughness
coefficientfrom resistance along the canal’s length and formation of bottom while planning flows passing
through confirmed canal. Currently there are few proposed ways of calculated ratios for dealing with hydraulic
accounts for water flows along the perimeter of our canal.Many researchers found similarity between flows in
canals with various roughness level and flows beneath icy layer.Still, we have to emphasize the fact that they
both have some unique features by themselves. Regular calculation formulas proposed by many authors for
the canals with various roughness level never can be used in hydraulic accounts for flows under icy layer, as
well as equations for flow beneath ice can not possibly be used for canals with different roughness indexes.
Modifications made while generating this formulas can not be allowed.

Methods and materials
Method of the research is theoretical, materials in usage was accurately processed. According to the
information we have, hydraulic circumstances of flow get more complicated in cases where canal cross-
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sectionhave different roughness because of formation of new zones, and so it leads to the fact that planar and
vertical distribution of velocities along the cross-section are experiencing sharp changes. To generalize main
calculating ratios we make this note - despite of the different states of canal roughness the smoothness of flow
remains steadily, that is roughness of canal sides keeps constant along the all considered areas.Moreover, we
accept measurements allowed by general hydraulics: magnitude of the slope which could somehow impact
to the movement on different partsof flow is same, velocities on separate surfaces of any rectilinear regions
of cross-section are same for the first and second parts of the flow and this equals to the maximum velocity.
In general, area of canal’s cross-sectionapproximately divides to evaluate average index of canal roughness
coefficient on bottom and on sides, we assume moisture perimeters X1 X22X3 and roughness coefficient
Ny ,Ny...Ny ofcanal like that.During calculations of this well-known scientists as Horton and Einstein made
this proposal [2] — velocities on considered areas are same and equal to the average speed on any point, about
roughness coefficient we are defining it can be determined in this way:
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Pavlovsky, Mulkhofer, Einstein and Bank [2] are recommending this equation for defining canal’s roughness
coefficient:

/2

1/2

v 1
(Xwny)
_ Z o :(?Cln12+7(2”22+---+XNn12v) )

1/2 1/2

4 X

n

Another scientist Lotter proposed this way of solution [1],

R573 R5/3
NN = 3)
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There are R,,R,,..R,-hydraulic radiuses of considered sectors. In the any section
R, =R, =...= R, = R will remain.

Canals roughness can be changed due to the ice formation on the surface of our canal. To explain
this phenomenon Lotter[2] came to the conclusion that definitions of roughness for deep canals with
icy surface can be determined in the following way.

Chart 1 — approximately taken measures for roughness coefficient for deep canals with icy surface

Formation of icy layer Velocity in the canal, cm/s Roughness coefficient
With smooth surface:
Without ice floes 0,39-0,6 0,01-0,012
0,6-high 0,014-0,017
With ice floes 0,39-0,6 0,016-0,018
0,6-higher than 0,017-0,02
With ice floesandwithroughsurface - 0,023-0,025

For instance, nlandn2are roughness coefficients for the canals with and without icy layer. Using first and
second equations above we can find roughness coefficient for icy layer. Although coefficient defined in that
way sometimes can be negative but is has no importance [1].

According to the Pavlovsky [2] to approach to the genuine solution of the equationwe should accept that
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the full resistance for liquid motion equals to the sum of resistances formed by canal’s bottom and icy layer,
so we will have

kv*ly = ko’ly, +k,v’ly, 4)

There 1 and 2 indexes arerespectively related to the canal bottom and icy layer.

If current and roughness of canal are known, then according to Menning’s formula[3] we can find the slope
of flow in prizmatic canal in steady motion by using given averagevalue.Slope defined in that way is known
as regular slope. Steady surface flow with regular slope could be turbulent or laminar depending on factors
like flow, slope, viscosity and roughness of surface. If velocity and depth of flow are relatively low, then
viscosity will be dominant factor and flow moves in laminar regime. We certainly can notice thatit is not simple
processfrom one glance to the details of flow movement with roughness coefficient.

Results and discussions

In general finding the main calculating ratios lays down on defining moisture perimeters and areas entering
to individual sections with roughness.Defining moisture perimeters of individual section is not hard at all,
moreover they are determined as relevant edge of geometric figure. It should be noted that edge of rib has to
lay on the considered bottom space of canal.

However, finding areas of figures adjoining to sides with individual roughness is really complicated.
Methods of P.N.Belokon, G.K.Lotter, N.N.Pavlovsky, E.E.Shiperko which are known in scientific literature
are directed to the significant allowances in flow’s phenomenon and equality of radiuses of separated parts and
of the whole riverbed, and in equality of average velocities on different parts and in the whole flow, but they
never have been approved in practical way.Current laborotoric measuresmade by us and other authors shows
that they are significantly distinguished in max values and they have considerable mistakes in accounts. So, we
came to solution that attempt of evaluating the problem of roughness coefficient by using standard methods not
allowed to obtain results necessary for us: using only equation of steady motion is not enough, so according to
that we have to consider another ways of dealing with this problem.We believe that dealing with equations for
canals with different roughness is the most typical way which is used by all authors.

There can be negative effects caused by roughness. In practices this interaction creates following kinematics
of flow’s motion which can afford minimum walkthrough of considered cross-section amongst all possible
conditions. In canals and open riverbeds with steady motion we can define water’s velocity in this way [1, 2]:

v=CR"I” (5)

therev — average speed, m/s; C — coefficient of Shezi; R — hydraulic radius, m; i —1 hydraulic slope; x and y — degree’s
index.

According to the famous scientist Shnekenberg[4]— main formula whencanal has spiral flow has to contain
following options: area of canal’s cross-section, average velocity of water flow, max speed of water, moisture
perimeter of canal, hydraulic radius of canal, depth, slope of flow’s free surface, roughness coefficient on
cross-section, effluent of major and minor loads in water, dynamic viscosity and temperature of water.

Defining roughness coefficient[2] while solving coefficient of Shezi by formulas of scientists Kutter and
Menning in equation of steady motion is really hard.

Main provisions

There was the research of rise of roughness coefficient in field conditions during 1 year in the process of
determining the canal’s roughness coefficient in natural conditions at university of Illinois and it’s measure
grew from 0.33 to 0.55 in one season. There shown the methods for defining roughness coefficient in below.

Method for roughness taken by all along the average canal perimeter

Meaning of this method is - measures of private parts along the canal’s perimeter we write (nl and n2)
then appropriate to that moisture perimeters written like this X1> X2, knowing that we can define roughness
coefficient of that type of canal by following way:

(nIXI +n2}(2)
n,=—F—"- 6
"+ 2) ©
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This method is too rough. Considered roughness coefficient of canal is more dependend on hydraulic radius
rather than canal’s moisture perimeter.

Method of G.K. Lotter. G.K.Lotter [1-5] uses method of account of composite canal while calculating
canals with different roughness along the canal’s perimeter.

Effluent of composite canal will be:

Q:Ql +Q2 (7

there: Q) and Q, — effluents of first and second parts of the flow.
We resolve effluent of water by formula of Shezi:

®-C, NR-J=0,-C,-[R-J, +o,-C,\[R,-J

there:—areaofcross-section; —hydraulicradiusofwholecross-sectionarea;—appropriatecoefficientofSheziforwholecross-
section; and—cross-sectionareasofflowpartsinfluencedbyzoneswithsteadyroughness; and—hydraulic radiuses of first and
second parts of cross-section;and—Shezi coefficient of first and second parts of cross-section; J - piezometricslope.

® = R - ¥ in first and second parts of canal’s cross-section and because of motion affected by slope are
equal, we can write previous equation in this way:

Cpr%RS/z = C1%1R13/2 + Cz%2R23/2 3

there: X -moistureperimeterofwholecross-section; X1 and X2 -moisture perimeter of first and second parts
of cross-section.
We divide both part of given equation by X; then we write X,/ X1 proportion like (a):

c - C,R** +aC,R}"”
pr R3/2(l+a) (9)

From equation(9) we can see that to solve we need both - moisture perimeters of parts with different
roughness and hydraulic radiuses of cross-section’spersonal parts. In this situation hydraulic radiuses of cross-
section’s personal parts are defined exactly like for composite canal. For very wide canals moisture perimeter
can be equal to width of canal, about hydraulic radius - it equals to depth of considered place. In this case
equation (8) will be written in the following way:

0=(Chn"™*+Cbn > NI (10)

There b, and b, - relatively width of 1 and 2 parts, /, and #, - depth on first and second parts.
G.K.Lotter believes that hydraulic radiuses of flow’s private parts are equal to the hydraulic radius of whole
flow for canals with ice formation:

R =R, =R ()

Because of moisture perimeter of canal - X1 and of ice- X2 are equal, then hydraulic radius of whole section
is equal:

w
R =—— (12)
X1t X2
In this case equation(9) will be written in the following way:
LiraG (13)
P (l + a)
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Then independent on eachother methods of P.N.Belokon and N.N.Pavlovsky are published[1,6].
Method of P.N. Belokon

We consider canal’s cross-section with any shape, then roughness of moisture perimeter on first part will
be n,and in the second is 7,

We define fall along the length of canal by next formula
F
J=— (14)
Yy
There: F' - sum of fictitious friction forces on canal sides(walls. We mark average friction force falling on
Im?of canal’s side in first part like and in second one

F=t0+7%,%, (15)

Then we can write equation(14) in following way:
TXi  Taks _ .
14 4
If take them as X1 = 94X and X, = dX, then we get this:

T T ()
a—L+a,2=—J=RJ
/4 Vo
In turbulent steady motion it will look like this:
2 2
St U_12 and T2 _ Vs
2
Ci y G

there: U, and U, - average velocity in first and second parts of flow. Then previous equations will look
like that:

2 2

L L

alc—12+azc—22=RJ (16)
1 2

If and solved in Menning’s way, then equation(16) will be like this:

2,2 )
1o, n,v,

a 1/3 2 1/3
Rl Rz

=RJ (17)

n
If take this ratio like that —= = W we will see this:
n,

2 2
v v
nl{a1 R11/3 +yla, —2 ]: RJ (18)
1

1/3
RZ

Moreover P.N.Belokon says that: if ratios for areas of cross-section relatively to zones with different
)
roughness equals to 6, then we get this L — g
0,

6 0
Then @, + ®, = @ will be when @ and - -
1, TE 1 0 o, i ®

P.N.Belokon finds answers of R andR from next equations:
R=2-_ 0% paap-22_-_9
X a1(1+9) X2 a2(1+9)
Full effluent willbe: Q, + 0, = 0.

(19)
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We resolve effluent by Shezi-Menning formula:

1
QI :ia)lRf/.’)Jl/Z and Q2 :_w2R22/3J1/2 (20)
m 1y
We divide first part of equation(20) by second part because the slopes of them are equal: or we put answers
2/3
of ®,,®, and R, R, into this O _m R12/3w1
0, n Ry’ o,

2/3
o (o s
0, a

If we convert that equations, roughness coefficient will be:

n—nl(a1+a2l// )

21

Method of N.N. Pavlovsky

According to N.N.Pavlovsky [1,7-20] definition of considered roughness coefficient is taken from equation
of steady motion for open canals written below:

RI=Z 22)

14
If sides of canal are distinguished from eachother then we have to exchange this equation with another
one, for that we need todivide liquid between cross-sections, direct impacting forces to direction of flow, then
construct new motion equation for released part.
Then we get this equation(22):

T, +ar
RJ=-1——"2 (23)
y(l + a)
there:and-respectively average special friction in sides ofcanal, — ratio of moisture perimeters on two sides
7y
X1

When sides are same average special friction in sides of canal is equal to the average depth in this
2

T
subsequence — =
14

According to that we can write and like this:

5 *

n_v T, v (24)
y C?

Before getting binders N.N.Pavlovsky takes that the average velocity of each part is equal -, = v, =0,
We put this equation(24) to another one(23): )

v’ 1 a | followsto v = 1+a o
_ = .« |, v=CC, |————-vJRJ (25)
i 1+al C} " C; " VaCt +C

N.N.Pavlovsky counts measure before v/ RJ as “coefficient of Shezi”, then marks it like Cpr , because of

that we can write equation(25) in next way:

v=C, VR 26)
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1
Here ¢ _¢ic, |—=32 .
aC/{ +Cj

To find C, andC,we have to know measures of and . To determine them Pavlovsky proposed to count areas
of private cross-section parts of canal and moisture perimeters as proportional, then

ﬂ:ﬁ,afterthatﬁzﬁ, @y, _X2 (27)
W, X O X o 4
Then we get:
R=2-2_R R=22_-2_p 28)
Y AT 4 X2 X
Then, R, =R, = R (29)

We can get next equation while solving coefficient of Shezi, of course by knowing measure of hydraulic
radius, using this formula and define necessary equation for considered roughness coefficient:

Cp = Ry,/% 30)
n; +an,

Applying information about considered roughness coefficient,Pavlovsky reforms equation(30) into this
sight:

nf +a-n§
there: n =, ———= (1)
1+a

If sides of canal are from three different parts and relatively moisture perimeters of three parts are not same,
then equation for considered roughness coefficient will be like this:

pr

. :\/nlz+a-n§+a-n32’ (32)
l1+a
there: o' =42
X
By concluding, N.N.Pavlovsky writes this - method for defining roughness coefficient might be changed
from anticipated extra researches in future [1,2,15-23].

Conclusion
Many factors influent to roughness coefficient of canal’s bottom in field conditions, by considering them,
famous scientist Covan proposed this way to deal with considered roughness coefficient [2]:

n= (”0 +n, +n, +n, +n4)m5 (33)

there, n,— measure of roughness coefficient for canal’s bottom with natural, smooth soil; 7, — coefficient
for bottoms with different soil; 7, — coefficient for measuring and finding canal’s cross-section; n,— coefficient
for measuring possibility of barriers in the canal; n ~ coefficient for describing regime of flow in the canal and
for impact of resistance caused by plants outgrowth; m — coefficient for measuring aftereffectof winding for
considered water canal.

According to results of calculations,we get formulated measure ofn:

(x_l)h]/6

n=——t—— (34)
6,78(x +0,95)
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By concluding equation directed on determining of roughness coefficient we get this (34)equation. To approve
reality of this equation were taken experimental results of works onconnectionsbetween canal roughness and
average depth. Analyze of data taken from results of research shows that there is a some connection between
coefficient of Menning and distribution of velocities along the canal’s cross-section. To find out how much
taken equation can be applied on manufacture, there would be needed data taken from researches occurred in
laboratory and natural conditions[1-8,23-30].
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MEPUMETPI BOMBIHIIIA KAHAJIJIAPIBIH KEJIP-BY IbIPJIBIK
KO®POUIMNEHTIH AHBIKTAY 9IICTEPI TYPAJIbI

Anparna. FrulbiMu Makanana apHaHBIH OipKaJbIITHl KO3FAIIBICEIH JKOHE apHAHBIH KeIip-OyAbIpibIK Kod(duiueHTin
(xemip-OyapIpibIK K03 (OUIMEeHTI) aHBIKTay Macenenepi KapacTeipbuiaabl. [1.H. benokons, I'K. Jlorep, H.H. [TaBnoBckuit
CHSIKTBI aTaKThl FaJbIMIApIBIH IEPUMETpi OOHBIHINA KaHANAPIBIH CKi-YII OeINriHeH TYpaThlH KeIip-OyIbIPITBIK
k03O (OUIMECHTIH aHBIKTAay OMiCTEepiHe, MepuMeTpi OOMBIHIIA apHAJapAbIH Kemip-OYIbIPIBIK KOd(QPHUINCHTTEPiHIH
afBIPMALIBUIBIFBIH  €CENTEYNIH KOJIAHBICTAFbl QMICTEpiHE Tajjay »Kacajabl. [ MIPOTEXHMKA calachlHIa KEp acThl
KaHAJIBIHBIH MepUMETpi OOMBIHIIA Cy aFbIHBIHBIH THIPABIMKAIBIK CCENTeylepl YIUiH YChIHBUIATBIH OipKarap ecentey
omicrepi 6ap. Bipkarap 3epTreyIiisiep apHaHBIH KeIip-OyIbIPIIBIFBI My3 KaOAThIHBIH aCTHIHIAFBI aFBIHHBIH KO3FAJIBICBIMCH
OpTYpIIi apHaJapAaFbl aFbIHHBIH KO3FAJIbIChIHA YKCAWIBI el MamimMueii. bipak kaHam apHACBIHBIH Keaip-OYIbIPIIbIFbI
OpPTYPIIi aIIbIK apHATIapAa )KOHE MY3 KaOaThl aCTHIHIAFHI CY KO3FAIBICHIHBIH 031HE TOH (CeNU(UKAIBIK) SpeKIIeIiKTepiHe
He eKeHiH ecKkepy KaxeT. KenrTereH aBTopiapablH YChIHFAH MEpUMETPi OOMBIHIIA p TYPIi KeAip-OyIbIpIbl apHaIapabl
ecenTey (opMysaiapblH My3 KaOaThIHBIH aCTBIHAAFbl THAPABINKAIIBIK aFbIHIbI €CeNTeyIepae TiKeleH KOIIany MYMKiH
eMec, TIITi KepiciHIe My3 KaOaThIHBIH aCTHIHIAFHI CY aFBIHBIHBIH KO3FAIIBIC TCHACYICPIHIH MePUMETPi op TYpIi KeIip-
OyBIpIIBI apHAIAP/BI ecenTey/e Ae Koiaanbumaiael. Cos cedenti Taban nepruMeTpi OOHBIHINA Cy apHATapbIHBIH Keip-
OYABIPITBIK K0P PHUHALICHTTEPiH aHBIKTAY AICTEPiH AYPBIC TAHIAY, OHBIH Y3aK MEP3iM/Ii )KYMBIC iCTEYiHiH KeIrii O00Iabl.

Tipek ce3mep: apHa, OipKAIBIITH KO3FAIBIC, KeAip-OYIBIPIBIK KO GUIIHEHTI, TYPAKTHI KO3FaJIbIC, OPTaIla JKbULIAMIBIK,
apHa MepUMeTpi, apHAHBIH OTIM (KOJJICHEeH) KIMacHI (TI0TIePEYHOe CCUCHHE), THIPABIHKAIBIK PaInyC.

MxonmacoB C.K., Adunnaes C.T.%, Torridaes C.JK., Capbacosa I A.

Tapa3zckuii pernonannbsiil yausepcuteT uMenu M. X. [lynary, . Tapas, Kazaxcran
*E-mail:sultan_feb@mail.ru

O METOJAX OINPEJAEJEHUA KOOOPUILHMUEHTA INEPOXOBATOCTHU KAHAJIOB
O NEPUMETPY

AHHOTanusi. B Hay4yHOW crarhbe paccMaTpuBarOTCs BOIIPOCHI PAaBHOMEPHOTO MABWXKEHHS pyclla M ONpEICIICHHS
KO3 PHIIEHTA IEPOXOBATOCTH pyciia (koddduirenTa mepoxosarocty). [I[puBoaUTCS aHAIHN3 CYIIECTBYIONIMX METO0B
pacdera pazHOCTH KO3((HUIMEHTOB IIEPOXOBATOCTH KAHAJIOB IO IEPUMETPY, METOIBI onpeieieHus Koddduimenra
IIEPOXOBATOCTH, COCTOSIIIUX M3 JABYX-TPEX YacTeH OTKOCOB KaHAJIOB 10 MEPUMETPY, TAKUX M3BECTHBIX YUCHBIX, Kak
I[L.H. Benoxons, ['K. Jlortep, H.H. IlaBnoBckux. B o0macTu THIPOTEXHHUKH CYMISCTBYET PSI PACYCTHBIX METOIOB,
TIpeIaraeMbIX JUIsl THIPABINYECKUX PACUETOB Pacxojia BOAKI 110 IIEPUMETPY I'PYHTOBOTO KaHana. Psan mccienosareneit
YTBEPXKJIAIOT, YTO IIEPOXOBATOCTh PYCIIa KaHAIa HIMUTHPYET JIBH)KCHHE TTOTOKA B Pa3HBIX KaHAIaX C JIBH)KCHHEM ITOTOKA
oz cioeM sbaa. Ho cienyer yanThIBaTh, 4TO MIEPOXOBATOCTD pycClla KaHaa MMEET CBOM XapaKTepHbIe (crieruaecKue)
0COOCHHOCTH JIBMDKCHUS BOIBI B PA3IMYHBIX OTKPBHITHIX KaHAJIaX M I10J JIEJSHBIM IOKPOBOM. PacueTHbie (opmyisl,
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IPE/TIOKEHHBIE MHOT'MH aBTOPAaMH ISl KAHAJIOB C Pa3HOH IEPOXOBATOCTHIO I10 IEPUMETPY, HE MOTYT OBITh HCIIOIb30BaHbI
HETIOCPE/ICTBEHHO IPH T'MAPABIMYECKUX pacuyeTax IMMOTOKa IO JIEASHBIM TOKPOBOM, U, HA00OPOT, YPaBHEHHUS JIBHIKCHHUS
MOTOKA BOABI MOJ JIEASHBIM ITOKPOBOM HE IMPUMEHSIIOTCS Ja)ke Ul KaHAJIOB C Pa3HOH IMIEPOXOBATOCTBIO IO MEPUMETDY.
[TosToMy IpaBMIIBHBII BEIOOP METOAOB ONpeseieHns] K03(Q(GHUINEHTOB IIEPOXOBATOCTH Pyclla KaHAJIOB IO TMEPUMETPY
OyzieT 3aJI0TOM €ro JUTUTEIEHOTO (DYHKIIMOHUPOBAHUSL.

KiaioueBbie ciioBa: KaHaJl, paBHOMEPHOC BUKCHUC, KO3(1)(1)I/IIII/IGHT mIepoOxXOBaTOCTHU, YCTAHOBHUBIICCCA JIBUKCHUC,
CpeaHss CKOPOCTh, ICPUMETP KaHalia, MONEPEIHOC CEYCHNUE KaHaJlla, FI/I}_'[paBJ'H/I"ICCKI/If/'I paguyc.
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