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Abstract. A system of two differential equations, which describes the fluid motion in a pipe
with a variable flow rate and the conditions for fluid entry through the drainage pipelines walls from
the surrounding soil, is considered. It is shown that for the studied case the second term in the
original equation can be neglected without a significant error. The system is reduced to a
dimensionless form by introducing the original variables. The solution of this equations system is
given in a dimensionless form.

Two main parameters are used in the analysis: the coefficient of collecting drainage pipeline
resistance "(;" and the generalized parameter "A", which takes into account the structural and
hydraulic characteristics of the considered flow. Also, the concept of an infinitely long drainage
pipeline or, which is the same, a pipeline with an infinite walls filtration capacity of the drainage
pipeline is introduced in the article. It is noted that such pipeline will have a maximum throughput
compared to pipes of the same diameter but limited length. Sufficiently simple and convenient
calculated dependencies for the determination of the nature of flow rate variation and pressure drop
along the length of the pipeline were obtained on the basis of the conducted analysis.

Series of calculations of important characteristics for such pipes were carried out on the basis
of offered formulas. Corresponding graphical dependencies were built for visibility. In particular,
graphs of the flow rate variations at the end of the collector, depending on the design and filtration
characteristics of the “soil-drain” system, are presented. Graph, that shows the dependence of the
change in the flow rate connection unevenness along the length of the drainage pipeline at various
hydraulic conductivity values of the surrounding soil, is important for understanding the drainage
pipes particularity. The necessity to take into account the nature of the flow rate connection
unevenness along the length for obtaining reliable results when calculating real drainage pipelines is
shown in the article.

Keywords: perforated pipeline, drainage pipeline, hydraulic friction factor, hydraulic
conductivity, filtration resistance, drain, variable fluid flow.

Introduction. Pressure drainage pipelines serve as important structural components of the
reclamation complex systems in many cases [1]. They are used in particular to ensure the required
water regime of rice systems when washing pipelines and land, discharge excess water through
drains during floods and others. Such systems operation modes are considered the most difficult in
their exploitation and calculation [2]. In this case the drainage pipelines work in full cross-section
with a continuous, usually uneven, liquid connection along its length [3]. A reliable determination
of the design and filtration characteristics of such pipes will accordingly ensure reliable and
efficient operation of the entire system.

The peculiarity of these pipelines is that the fluid flow parameters in them are affected by the
design of the drainage pipes, the filtration characteristics of the surrounding soil, the groundwater
level and the distance between the drains. It is difficult to single out the effect of each of these
parameters on the intensity of fluid flow into the drains. Therefore, they are usually taken into
account comprehensively by introducing a special filtration resistance of the "soil-drain™ system.
The scheme of such pipelines operation is presented in Fig. 1.
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Fig. 1. Scheme of the pressure collecting drainage pipeline operation

Analysis of the latest achievements and publications. Many domestic and foreign scientists
have dealt with the problem of developing a method of collecting drainage pipelines hydraulic
calculation for reclamation systems. Among them are such authors as Petrov G.A. [4], Dmitriev A.F.,
Pivovar N.G. [5], Mayboroda V.O. [6], Murashko A.l. [7], Oleynik O.Ya., Poliakov V.L. [2]. Fluid
motion in perforated pipelines, as is well known, occurs at a variable flow rate along the path.
Therefore, the vast majority of authors used the equation of fluid motion with variable mass as the
initial mathematical dependences in solving this issue. However, almost all the researchers have
used some assumptions and approximations in solving this issue due to its complexity. And it has
not yet allowed to obtain a reliable result.

The purpose of this work is to develop and propose for practical application a reliable
method of pressure perforated pipelines hydraulic calculation for reclamation systems, that operate
with the liquid connection along the path in the filtration mode. Particular attention is paid to the
definition and consideration of patterns of flow rate variation along the pipelines length.

Research methodology. The presented research materials are based on the results of personal
analytical researches of the basic mathematical dependences, which describe the motion of a
pressure liquid stream in perforated pipelines.

Research results. Fluid motion in a single pressure drainage pipeline operating without
transit, as is well known, is described by a system of differential equations. It consists of the
variable mass hydraulics equation (1) and the modified filtration equation (2) [4, 6, 8]:

dh EV d_V + MV 2 =

—+ 0, 1)
dx g dx 2gD
d(v )=k(H_—h)=ki’ )
dx D )]

where H is the depth of immersion of the pipeline axis from the groundwater level; h — piezometric
head in the pipe; z=H —h is variable head drop along the length, under which action a liquid
inflow from the environment into the pipeline is taking place; Q, V, D, Q are, respectively, the
flow rate, average velocity, diameter, and free cross-sectional area of the flow at the distance x from
the beginning of the pipe; @ is dimensionless drain filtration resistance (its definition is a separate
filtration problem [2]); k is soil hydraulic conductivity around the pipe; Ac is hydraulic friction
factor of collecting drainage pipeline [9]; g is gravitational acceleration.

It is conventionally assumed that the liquid inflow into the pipeline is carried out through the
entire side surface of the collector and the layer of surrounding filtration material continuously in
the analysis of mathematical models (1), (2). The mode of the liquid motion in the drain is
considered turbulent, and its inflow from the environment through the side walls is carried out in

the filtration mode. The filtration resistance of the "soil-drain” system @ and the hydraulic friction
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factor A¢o are assumed to be constant along the pipeline and equal to their average value along the
length. The angle, at which the liquid is connected to the main flow in the pipeline, is also constant
and equal =/2 [10]. Leakage of liquid from the drainage pipe can be carried out both in the
atmosphere (h; =0) and below the water level (h; # 0) in its final section.

After entering new variables:

_ YA
v L S ®)

the system of equations (1), (2) is reduced to a dimensionless form:
dz dv

S 4N —+(, AVZ=0, 4
dx dx Sl )

dv.
=7, 5
T ()
where Gy =Mcol I!) is the coefficient of collecting drainage pipeline resistance;

1 Qo |g
EETARE RN IS generalized parameter of collecting drain, which takes into account its design
f

and filtration characterlstics.

The second term of equation (4) indicates the head loss, associated with the effect of fluid
accession. The third term indicates the hydraulic friction loss along the length.

The second term in equation (4) can be neglected without a significant error for collecting
pipelines with a turbulent regime of fluid connection along the path through the holes and slits at
their relative length (£, >12), as shown in [11]. The intensity of mixing of the connected liquid
volumes with the main flow is relatively small for drainage pipes with the liquid connection in the
filtration mode.

The second term can be neglected in comparison with the third in equation (4), considering
that the mentioned drainage pipes length is {; >>12. Then the equation (4) take the form:

dz —2
— =, AV “. 6
e Cly, (6)
After substituting (5) into (6) and dividing the variables, the obtained equation is:
zdz =) AV 2dV . @)
According to [12], its solution is:
z2 \73
==, A-—+C. ®)

The integration constant is found from the boundary conditions at the beginning of the pipe:
\Tin =0; z =Zjp 1 C_ZII’I/Z

Then the relationship between the relative velocity and the current relative head drop in
arbitrary and finite cross-sections respectively will be:

V:?Q/ZCZA(ZZ_ZZ")’ Vi =3 2C3 A(l—zﬁ,). 9)

The concept of conditional infinitely long collecting drainage pipeline is introduced for the
further analysis. Obviously, such pipeline will have maximum throughput compared to other
pipelines of the same diameter but finite length. It is denoted by Qx... The greater the length of the
real concrete pipeline, the flow rate in its final cross-section Q; will be asymptotically close t0 Q.
In this case, the longer the pipeline is, the flow rate coming into it from the environment in the
initial sections will be reduced. The relationship (dQ/dx),, — 0 will take place in the context of
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conditional infinitely long collecting drainage pipeline in its initial sections. The head drop, under
which impact the liquid flows in these sections, will also decrease and when | — oo it will approach
zero (z;, >0, or z;, > 0).

In view of the above, the dependence (9) to determine the relative velocity in the final section
of an infinitely long drainage pipeline will take the form:

(10)
ZC"Id KTCDQD
The latter dependence can also be interpreted as the relatlve velocity in the final cross-section
of the limited length pipeline, but with an infinitely large filtering capacity value of its side walls.
After substituting the values of ; and A in (10), we obtain the maximum possible velocity

and flow rate values at the end of an infinitely long pipeline in the measurement units:

12K 0. 307 kD®z%
\ D 9 7N 16 @

(11)

The integration constant C_E_Cld A? is defined using the boundary conditions at the

end of the pipe V =V ; Z; =1 in the solution of equation (7).

Then, the dependence, that relates the relative velocity V and the relative head drop in the
respective cross-sections of the pipeline z, will be:

20 A_. 2, A
zz\/%v%%vfﬁl. (12)

Substitution of V; by V¢, from (10) in equation (12) provides the dependence of V on z
along the length of the infinitely long collecting drainage pipeline:

2

_ 3 -
= 73, 13
f 3,2C-’IdrA (13)

After differentiating expression (13), applying the substitution (5) and dividing the variables,
the dependence (14) is obtained:

4
2C, A —
34/ %5t g 7 3g7. (14)
2 3
After integration it will be:
20, A L
3g%6u Ay 375 c (15)
2 3

/2 A
The integration constant C=3+§3 C';"' X; 1s defined using the boundary conditions at

the end of the pipe: X=X;; Z; =1.
After its substitution in (15) and necessary transformations, the dependence (16) is finally

obtained:

Z= ! = L = L . (16)

3 3 3
2 A Xs — X 1—x/I
1+13 CIL' (xf _)—() L 1+ _/
2\ 3 Ny, 4AV
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Then, at the beginning of the collector (x;, = 0) the relative head drop will be:

1 1
Zj, = = . (17)

< 3 . 3
1+ _f 1+ —
Vs, 44V,

After Z substitution from (5) to (16) and dividing the variables the expression (18) is
obtained:

awv-— % (18)
14 =X
A% foo
The integral of expression (18) will be [12]:
_ Vi
V = —foo +C. (19)

_ N2

X; =X
1+——

2Vfoo

is defined using the boundary conditions at the

foo
(1+ )_(f /Z\Tfoo)
beginning of the pipe: X, =0; V;, =0.
The final dependence, which describes the relative velocity variation along the length of the
collecting drainage pipeline, will take the form:

The integration constant C =—

2

\7 = \Tfoo L - L = \Tfoo 1 - L . (20)

. ) -\ - 2 . 2
1+ 1+ 1+ _i/ 1+~
Vi, N, 4AVs,, 44Vs,,

Hence, the relative velocity in the final cross section of the collector will be:

1 — 1
| 1= [ =V | L. (21)

_ 2 2
1+ X_f 1+ 1_
Vs, 44V ¢,

<
Il
<

The corresponding graph is shown in Fig. 2.
Analysis of the dependence (21) and the graph in Fig. 2 shows that the relative velocity in the

final cross section of the real collecting drainage pipeline \7f is less than the maximum possible.
Moreover, the larger value of the generalized parameter A corresponds to the smaller value of the
relative final velocity \7foO . Namely, at higher values of A, the collecting drainage pipeline will have
less capacity and will be able to collect less water through its side surface.
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Fig. 2. The ratio between the relative velocity in the final cross section of the conditional infinitely
long pipelines V., and real pipelines V; :
1-A4=0;2-A4=0.1; 3 4=0.3; 4 — 4=0.5; 5 - 4=1.0; 6 — 4=3

The pattern of the variation in the ratio of the average relative velocity to the relative velocity
in the final cross section (V/Vy) along the length of the collecting drainage pipeline x/I
(dependence 20) is shown in Fig. 3.
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Fig. 3. Graphs of relative velocity variation along the length of the collecting drainage pipeline:
1 — uniform collection; 2 — k = 1.0 m/day; 3 — k= 5.0 m/day; 4 — k = 20.0 m/day

The calculations were performed at three values of the soil hydraulic conductivity, which the
drainage pipe was laid in. An intensive and uneven filtration along the pipeline length takes place at
k = 20.0 m/day (curve 4); weak and relatively uniform filtration takes place at k = 1.0 m/day (curve
2); an intermediate value takes place at k = 5.0 m/day (curve 3). For comparison, line 1
characterizes the uniform fluid inflow along the entire pipe length. In all calculations it is
conditionally assumed that the drainage pipe is perfect.
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Cases of curves 1, 2 occur only for poorly filtering soils, when the nature of water inflow
along the drain is close to uniform. The non-uniformity of the inflow into the collector increases
and the discrepancy between the presented curves expands as the filtration properties of the “soil-
drain” system increase (decrease in the generalized parameter A or the same as the filtration

resistance @ ). Moreover, it becomes maximum in the final cross-sections, where the main water
inflow takes place. The above graphs show that a relatively uniform water inflow to the drainage
pipeline occurs only in poorly filtering soils. In other cases, the uneven water inflow along the
pipeline length increases with filtration intensity growth and it must be taken into account when
calculating these systems.

Conclusions. In this paper relatively simple and easy to use calculation dependences are
proposed on the basis of the analysis of differential equations describing the fluid motion in
horizontal pressure collecting drainage pipelines. The obtained calculated data satisfactorily
describe the existing field data. The concept of infinitely long pipeline or pipeline with infinitely
large wall filtration capacity was introduced and used in the analysis. It is estimated at which values
of the hydraulic conductivity it is necessary to take into account the unevenness of the liquid
connection along the pipeline length. The presented formulas are recommended to be applied at
various size of filtration characteristics of pipeline walls material and surrounding soil. | consider
that it is necessary to study in more detail the internal flow hydrodynamics in collecting drainage
pipelines for the further development of this issue.
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OCOBJIMBOCTI I'TIPABJIITYHOI'O PO3PAXYHKY 3BIPHUX HAIITPHUX
JAPEHAKHUX TPYBOIIPOBO/IB

KpaBuyk O.A., K.T.H., IOILICHT,

kravchuk.oa2@knuba.edu.ua, ORCID: 0000-0001-6578-8896
Kuiscokutl nayionanvrutl yHieepcumem 0yO0ieHuymaea i apximexmypu
rp. [ToBiTpodmorcrkuii, 31, M. Kuis, 03037, Ykpaina

AHoTanig. Po3rsiHyTo cucremy 3 ABOX AM(EpeHLINHUX pIBHSAHb, 3@ JOIOMOIOI0 SIKUX
OIMCYIOTh PyX pIAUHU B TpyOi 31 3MIHHOIO BHUTPATOK Ta YMOBU HAJIXO/DKCHHS PIAWHU 3
OTOUYYIOUOTO IPYHTY 4Yepe3 CTIHKH JApEHAXHHX TpyoompoBoaiB. [lokazano, mo uiss JaHOTO
BUIAJKY, IPYTUM YJIEHOM Y BUXIJHOMY pIBHSHHI 0€3 CyTTEBOi MOXMOKM MO>KHA 3HEXTYBAaTH.
[nsixoM BBeEHHS] OPHUTIHAIBHUX 3MIHHUX JIaHA CUCTEMa 3BOJHUTHCS 70 OE3pO3MipHOTO BHUIJISY.
HaBeneHo po3B’s30K 1aHOT CUCTEMH PiBHSIHB B O€3p03MipHil (hopmi.

[Ipn anamizi Oynu BHUKOpHCTaHI JBa OCHOBHI MapaMeTpu: KOe]illieHT omopy 30ipHOro
ApeHaxkHoro TpyoOorpoBoay “(” 1 y3arampHeHuit mapamerp “A”, sSKi KOMIUIEKCHO BpPaxXxOBYIOTbH
KOHCTPYKTHUBHI Ta TiIpaBliyHI XapaKTEPUCTUKH PO3MIIAAYBAaHOTO mepepidy. Takoxk B poOOTi BBEAECHO
MOHATTS HECKIHYCHHO JIOBTOTO JIPEHAXKHOTO TPyOONpoBOAy abo, M0 TE X came, TPYOOIPOBOIY 3
HECKIHYECHHOIO (PUIBTPAIIIHOI0 3/IaTHICTIO CTIHOK JIPEHAKHOTO TPYOOIpoBOIy. BimMidaeTncs, 1o
Takuil TpyoonpoBia Oye MaTu MakCUMAllbHY MPOITYCKHY 3aTHICT B MOPIBHSAHHI 3 TPyOaMH Takoro x
niamerpa, aje oOMeXeHOI TOBKUHH. Ha OCHOBI MPOBEICHOTO aHANI3y OTPUMaHi JIOCTATHBO MPOCTI i
3pYy4Hi PO3PaxXyHKOBI 3aJIKHOCTI JUI BU3HAYEHHSI XapakTepy 3MiHM BUTPATH 1 Mepernaay Haropis 3a
JIOBXUHOIO TPYOOTIPOBO/TY.

3a 3anmpornoHoBaHUMH (POPMYIIAMHU TIPOBEICHO CEPil0 PO3PAXYHKIB BXKIUBUX XapaKTEPHCTUK
JaHUX TpyO 1 AN HAOYHOCTI MOOYyAOBaHI BIAMOBIAHI rpadiyHi 3amexHocTi. B Tomy wmcmi
IpeACTaBIeHO rpadiku 3MIHM BEJIMYMHM BUTpAaTH B KiHII 30ipHUKAa B 3aJ€KHOCTI BIiJ
KOHCTPYKTUBHUX 1 (QUIBTpAIIiHUX XapaKTepUCTHK CHCTeMU ‘“TpyHT-ApeHa”. BaxmuBum s
PO3YMiHHS OcoOIMBOCTEH POOOTH JpeHaXHUX TpyO € Takox rpadik, Ha SKOMY NpUBEICHA
3aJeKHICTh 3MIHM HEpPIBHOMIPHOCTI MpHEIHAHHS BUTPATH 3a JOBXKHUHOK JAPEHAXKHOIO
TpYyOOIpOBOIY IPH PI3HUX BEIMUMHAX KoedilieHTa (iabTpalili oTouyrouoro IpyHTy. Ilokazano, mio
JUIs OTPUMaHHS HaJIMHUX pe3y/lbTaTiB MPU PO3PaXyHKY pEaTbHUX JPEHAKHUX TPYOONPOBOIIB
000B’SI3KOBO HEOOX1JIHO BpPaxOBYBAaTH XapakKTep HEPIBHOMIPHOCTI MpPHUETHAHHS BUTpPATH 3a
JIOBXHHOIO TAKMX KaHAaJiB.

KurouoBi cioBa: 30ipHuil TpyoonpoBija, ApeHaKHUM TpyOONpoBi, TipaBIiuHu KOoepilieHT
TepTsl, KoedilieHT GpuIbTpauii, GuUIbTpaLiiHU OMip, JpeHa, 3MIHHA BUTPATa PiIUHU.
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JAPEHAXHBIX TPYBOITPOBO/JOB

KpaBuyk A.A., K.T.H., TOIIEHT,
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Kuesckuii nayuonanvHulll yHugepcumem cmpoumenbcmea u apxumeKmypbl
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AnHoTauus. PaccMoTpena cuctema u3 AByX nu¢depeHIualbHbIX YPaBHEHUH MPH MOMOIIN
KOTOPBIX OIUCBIBAIOT JBM)KEHUE KMJIKOCTU B TpyOe C MEPEeMEHHBIM PacXOJ0M U YCIOBHS BXOAA
KHUJKOCTU U3 OKPY)KAIOIIEro IPyHTa B UYEpe3 CTEHKHU JAPEHAXXHBIX TpyOorpoBojoB. [loka3aHo, uTo
IUI JAaHHOTO Clly4asi, BTOPbIM WIEHOM B MCXOJHOM ypaBHEHHMHU 0€3 CYIIECTBEHHOM IOIPEIIHOCTH
MO’KHO IpeHeOpeub. [lyreM BBeeHUsI OpUTHHAIBHBIX IEPEMEHHbIX JJaHHAs CUCTEMa MIPUBOAUTCS K
6e3pazmepHomy Buny. [IpuBeneHo pernienne 1aHHON CUCTEMBI YpaBHEHUH B 0e3pa3MepHOM BUJIE.

Ilpn aHanM3e WUCMONB30BaHBI J[BA OCHOBHBIX IapaMeTpa: KO3(Q@UIMEHT CONpPOTHBICHUS
cObopHOro IpeHakHOro TpyoompoBoaa “()” m 000OmCHHBIA MmapaMeTp “A”, KOTOphle KOMIUIEKCHO
YUUTBHIBAIOT KOHCTPYKTUBHBIC M THIPABINYECKHE XapaKTEPUCTHKHA PACCMAaTPUBAEMOIO TEUCHUSI.
Tak>xe B poO0TE BBEEHO NOHATHE OECKOHEYHO JJIMHHOIO JIPEHA’KHOI'0 TPYOOIPOBOIa MM, YTO TOXKE
camoe, TpyOoIpoBona ¢ OECKOHEYHOH (UIBTPAIMOHHONW CIIOCOOHOCTBIO CTEHOK JPEHAKHOTO
TpyOompoBoaa. OTMeudaercsi, 4To Takod TpyOOnpoBoa OyIeT MMETh MaKCHUMAJIbHYIO IPOIYCKHYIO
CIIOCOOHOCTB 10 CPAaBHEHMIO C TpyOaMu TOro e JraMeTpa HO OrpaHu4eHHOM JuinHbl. Ha ocHoBaHMM
IIPOBE/IEHHOIO aHaJIM3a IMOJYYEHbI JTOCTATOYHO MPOCThIE U yAOOHBIE PAacUETHHIE 3aBUCHMOCTH JUIS
OIIpeIeIeHHs] XapaKkTepa M3MEHEHHs pacxo/ia 1 Nepernaza HaropoB 110 JJIMHE TpyOOoIpoBoa.

[To mpemioxeHHBbIM (OpMyJIaM MPOBEACHA CEPUsI PACUETOB BAXKHBIX XAPAKTEPUCTHUK JIAHHBIX
TpYO M Ul HarJISAHOCTU MOCTPOEHBI COOTBETCTBYIOLIME Ipapuueckre 3aBUCUMOCTU. B ToM umcie
IpeACTaBiIeHbl IpaUKH M3MEHEHHS BEJIMYMHBI Pacxojla B KOHILE COOpHMKA B 3aBHCUMOCTU OT
KOHCTPYKTUBHBIX M (DMIBTPAIIMOHHBIX XapaKTEPUCTUK CUCTEMBl ‘TPyHT-ApeHa”. BakHbM s
MOHUMAaHHsT 0COOCHHOCTEeW PabOTHI JPEHAXHBIX TPYO €CTh Takke rpadMK Ha KOTOPOM IPHUBEACHA
3aBUCUMOCTb M3MEHEHHUs HEpaBHOMEPHOCTH MPHUCOEIMHEHUS pacxoja MO JJIMHE JPEHaXKHOTO
TpyOONpoOBOAAa NpU pa3IUYHBIX BeIWYMHAX Ko3(dduiumeHTta (QUIbTpalMyd OKpYXKAroOIIEro TIpyHTa.
ITokazaHo, 4TO I MOJMYYEHHMsS HAJEKHBIX PpE3YJIbTaTOB MPU pacdyeTe pPealbHBIX JIPEHAKHBIX
TpyOOITPOBOAOB 00sI3aTEILHO HEOOXOIMMO YUUTHIBATh XapaKTep HEPABHOMEPHOCTH MPUCOETUHEHUS
pacxoja 1o JJIMHE TaKMX KaHaJIOB.

KiroueBble cioBa: cOOpHBI TpyOONpOBOA, IPEHAXHBIH TPYOONPOBOJ, THAPABIMYECKUI
KodpuureHT TpeHus, Ko3hUIUEHT QuIbTpayy, QUIBTPALMOHHOE COIMPOTHUBIIEHHUE, JIPEHa,
MIEPEMEHHBIN PACXOJ1 KHUIKOCTH.
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