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AHoTauisi. B naniit po00Ti Ha OCHOBI IPOBEACHOTO aHAJII3Y CUCTEMH JU(PEPEHIIIHUX PIBHSAHB, 1[0 OMUCYIOTh
PYX piIVHH 31 3MIHHOIO BUTPATOIO Y 30ipHUX HAMIpHUX JPEHAKHUX TPYOONPOBOAAX 3MIHHOTO (Takoro, mio
301BIIYETHCS) 32 TOBXKHHOIO TEpEpi3y, po3po0iieHa METOINKA PO3PaXyHKY TiAPaBIIYHAX XapaKTEPHUCTHUK i
KOHCTPYKTHUBHHX MapaMeTpiB AaHuX TpyO. Po3risHyTo HalOiIbII 3aranbHuil BUIIQJA0K POOOTH TOPU3OHTAIb-
HOTO 301pHHKA MIPY HASIBHOCTI HaJ TPyOOIO PiBHA IPYHTOBUX BOJ. JlocmipkeHO BapiaHT (GyHKIIOHYBaHHS 30i-
pHOTO TPYOOIPOBOY, IIPH AKOMY 3a BCI€I0 HOTO JOBXKHHOIO 3a0€3IeTyBanach MOCTiHA 32 BETMIHHOIO cepe-
JTHS IBUIIKICTH PyXy MOTOKY piawHH. BemnunHa 1i€l IBUAKOCTI 3aJI€KUTH BiJl TPAaHYJIOMETPHYHUX OCOOIH-
BOCTEH HaBKOJIMIIHLOTO TPYHTY, B SIKOMY HPOKIIaICHO TPYOOIIPOBi, a TAaKOXK BiJ (iNbTpalliiHUX XapaKTepH-
CTHK MaTtepiary Horo OiYHHX CTIHOK. AHaJi3 BUXiTHUX AU(EepEeHIITHNX PiBHIHb BUKOHAHO B 0€3p03MipHOMY
BUIJIA/I BIAMOBITHUX 3MiHHMX BenwuwH. Ilix gac mpoBeneHHs po3paxyHKIB B MU(EpeHIIHHOMY piBHSHHI
3MIHHOI BUTPATH JAPYT'HM WICHOM, KU BPaXxOBY€ BTPATH HAIOPY, IO MOB’s3aHi 3 BILTUBOM €(QEKTY MPHE-
HaHHS PiJUHA B3J0BXK HUISIXY Ha 3aralibHi BTPAaTH HATOpy Y BChOMY TpyOOINPOBO/Ii, 3HEXTYBAHO, 1 I1€ TIPAKTH-
YHO HE BIUIMBAE Ha KiHIIEBI pe3ysbTaTh po3paxyHKiB. [Ipu mocimipkeHHI BUXiTHUX PiBHSAHB 1 OTPUMaHHI PO3-
PaxyHKOBHUX 3aJIe)KHOCTEH OyJI0 BHKOPHUCTAHO MOHSATTS YMOBHOTO HECKIHUEHHO JIOBTOT0 30ipHOTO TpyOOIpO-
BOy 200 TpyOONPOBOy OOMEKEHOT JTOBKHHU TOT'0, 110 MA€ HECKIHYCHHY MPOCSIKHEHICTh TIOBEPXHI OIYHHMX
CTiHOK. ['0JIOBHOFO OCOOJIMBICTIO TAKOTO TPYOOTIPOBOY € MOXKIIUBICTh PUHHSTTS PIBHAM OJIM3BKUM JI0 HYJIS
nepernajay Harmopy B HOTo Io4aTkoBOMY Iepepisi. Bkazane nmpuIynieHHs MpakTHYHO HE BIUIMBAE HA JOCTOBI-
PHICTh OTpHMaHUX pe3yNbTariB aHanizy. OCHOBHHUMU IIapaMeTpaMH, Kl BA3HAYAIOTh XapaKTep 3MiHU BUTPATH
B3JIOBX 301pHOI0 IPEHAKHOTO TPYOOIIPOBOLY, IPUHHATO KOe]illiEHT onopy 30ipHHKa (6 1 y3araJbHeHHI Ha-
pameTp 30ipHOI IpeHH A5, IKUH BpaxoBYe 11 KOHCTPYKTHBHI 1 (pUIbTpamniiiHi XapakTepucTuku. B pe3ynbraTi
aHaJIi3y OTpuMaHO (DYHKI[IOHAIBHI 3aJIeKHOCTI 3MIHM BIJIHOCHOTI'O JiaMeTpa Bij BIIHOCHOTO Mepernajy Haro-
PiB 3a JOBKHUHOI 30ipHOTO JAPEHAKHOIO TPYOOIIPOBOJIY, @ TAKOK HABEJACHO BIAMOBIAHI (hOPMYJIH y PO3MIp-
HOMY BUTJIS/II. 3alpoOIIOHOBAHI 3aJIE)KHOCT] BiI3HAYAIOTHCSI MPOCTOTOK BUKOPUCTAHHS Ta MPUAATHICTIO IS
1HKEHepHHUX po3paxyHKiB. J{i1st HaouHOCTI B poO0Ti momaHo rpadivHi Marepiaiy, U0 UIIOCTPYIOTh OTPUMaHi
AHAJIITAYHI CIIBBIJIHOIIEHHS.

KurouoBi ciioBa: 30ipHuii qpeHa)kHUA TPYOOIPOBiJ, TiApaBmiyHui KoedimieHT TepTs, KoedilieHT (iapTparii,
GinpTpaniiHuii omip, 3MiHHA BUTpaTa.

BCTYII cypcax 1 HeoOX1IHOCT1 palioHaIbHOT'O BUKOPHU-
CTaHHS 3EMEJIbHUX YTiflb OCOOJMBOrO 3Ha-
YeHHs1 HaOyBa€ BIIOCKOHAJICHHS CHUCTEM OCY-
LIEHHS, 3pOIIEHHS Ta CHOpYJ, NMPU3HAUYEHUX
s 3a6opy migzemanx Boxa [1-3]. Edexrus-
HICTh TAKUX IHKEHEPHUX CUCTEM Oe3mocepes-
HBO 3aJICKUTh BiJ MPAaBHIBHOCTI PO3PaxXyHKY

CyuacHMii CTaH MEJIOpPaTUBHUX CUCTEM 1
MIJ3€MHUX BOA03a0OpiB BHUMAarae BIIPOBa-
JDKEHHS eHeproe(peKTUBHUX, HAAIMHUX Ta KO-
JIOTIYHO OE3IMEeYHUX PIlIeHb MPU IX MPOEKTY-
BaHHI Ta ekciuryatamii. B ymoBax 3miHM Kii-
Mary, 3pOCTaHHS MOTPeO y AKICHUX BOIHUX pPe-
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Ta paIlioHaTLHOTO BUOOPY MapaMeTpiB iX OCHO-
BHHX €JICMEHTIB — 301pHUX JpPEHAXKHHUX TPYOO-
MIPOBOJIIB, SIKi 3a0€3MedyI0Th 30ip 1 TpaHCIIOp-
TYBaHHJI ITiJI3EMHUX BOJI 10 KOJIEKTOPiB 200 BO-
aonpuiiManbHuX kamep [4-5].

[IpakTHKa NPOEKTYBaHHS 1 EKCILUTyaTarii
30ipHUX JPEHAXHHUX TPYOONPOBOAIB Meiopa-
TUBHUX CHCTEM 1 IMJI3EMHHUX BOJ03a00piB pi3-
HOT KOHCTPYKIIii ToKa3aa, o s 300py 1 Bia-
BOJy BOAM Hai4acTillle BHUKOPHUCTOBYIOTHCS
TpyOu mocriiiHoro aiamerpa. [lpu ix Benukii
JOBXHHI Ha MOYAaTKOBUX JUISHKAX IPEH Ipo-
XOJIUTh Majia BUTpara Boau. HaBmaku, KiHIICBI
YaCTUHH TPYOOIPOBOY MPALOIOTH 13 3HAYHUM
nepeBaHTaKeHHsIM. T00TO, HAa moyarky 30ip-
HOTO JIPEHAXHOTO TPYyOONpPOBOAY CepejiHi
MIBHJIKOCTI PyXy HE3HauHi, B KiHIII X 30ipHUKa
BOHHM TICPEBUINYIOTh ONTHUMaJbHI. MoOXHa
CTBEPJKYBATH, IO B TAKOMY BHUMAJAKY JPEHU
MPAIOITH HEEKOHOMIYHO.

He 3Bakaroun Ha HASBHICTH 3HAYHOT KIJIBKO-
CTi HAYKOBUX allb, IPUCBIYCHUX aHAIII3Y PO-
00TH HaNipHUX APEHAKHUX TPyOONIpPoBOIiB [6-
10], nutanHs po3paxyHKy 30ipHHX TpyOompo-
BOJIIB 3MIHHOT'O Iepepi3y J0Cl BUBUYEHE HEJO-
cTaTHbO. Lle 3yMOBIIOE aKTyaJbHICTH MpPOBeE-
JICHHS TOCITiPKEHb, CIIPIMOBAaHUX HA PO3POOKY

METOAMK TiJPaBIIYHOTO PO3PAXYHKY JaHUX
TpyOOIPOBO/IiB 3MIHHOTO JllaMeTpa, SKi J103BO-
JSATh PO3POOUTH ONTHUMANBHI pIIIEHHS OpU
IPOEKTYBaHHI Ta €KCIUTyaTalii JPEeHaXHUX CH-
CTEM.

META I METOIHM

MerToro naHoi po6oTH € po3po0Ka METOTUKU
PO3PAXyHKY KOHCTPYKTHUBHHUX XapaKTEPUCTHUK
30ipHMX HaMipHUX JPEHAKHUX TPYOOIPOBOIIB
3MIHHOTO TOINEPEYHOr0 Mepepizy (Takoro, 1o
301IBIIY€THCS), SIKI TMPAIIOIOTh MPH HAsSBHOCTI
TOPU30HTAILHOTO piBHsI IpyHTOBUX Box (PI'B).

Jns mOCSATHEHHS NMOCTAaBJIEHOI METH 3acTo-
COBYBAJIUCh METOAM MATEMaTHYHOTO aHaJi3y
NPUBEACHUX 70 0€3p03MIPHOTO BHUIJIAY BUXi-
THUX TU(EepeHLiHHUX PIBHSIHD, SKi OMUCYIOTh
PYX piAMHH 31 3MIHHOIO BHTPATOIO B3IOBXK
HUIAXY.

PE3YJIbTATHU TA TIOSACHEHHA

B naniit po60Ti po3riIsiIaeThes BUNIAA0K Ha-
SIBHOCTI HEPIBHOMIPHOI 3MiHHM IMUTOMOi BH-
TpaTH B3JOBXK 301pHOTO APEHAXKHOTO TPYOOII-
pOBOy, cxeMa poOOTH SKOrO TpHBEICHA Ha
puc. 1.
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Puc. 1. Cxema poGOTH 301pHOTO JPEHAKHOTO TPYOOIPOBO Y 3MIHHOI'O JliaMeTpa
Fig. 1. Scheme of the variable-diameter collecting drainage pipeline operation

3 HamIoi TOYKHU 30py, AJIS CHUCTEM 301pHUX
JpeHaKHUX TPYOOIPOBOJIIB HAHOLIBII JOLIIb-
HUM OyJi0 6 BUKOPUCTAHHSA JpeHAXHUX TPyOO-
MPOBOAIB 3MIHHOTO (TaKOro, IO 30UTbIIY-
€TBHCS) TIOTIEPEYHOTO TIEepepi3y 3a JOBXKHHOIO.
[IpuyoMy, TOOBHUM KpUTEpiEM it BUOOPY
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3aKOHY 3MIHU JiaMeTpa, BBAXKAEThCS YMOBA 3a-
Oe3MneveHHs NPy TPAHCIOPTYBAaHHI BOAM TOC-
TIHHOI CcepeaHbOl IBHUAKOCTI PYXy THOTOKY
B3/IOBXK NUIAXY. BenuuwHa 1i€i mBUIKOCTI B
yCiX BUITaJIKaX TTOBUHHA OyTH HE MEHIIIC He3a-
My0r040i. O4eBHIHO, IO XapaKTep 3MiHU Ji-
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ameTpa TpyOu Oy/ie 3anexaTu BiJl BEIMUYUHY 1H-
TEHCUBHOCTI IIPUETHAHHS PITUHU HA PI3HUX JTi-

JITHKaX JPEHAXKHOIO TPyOOIIPOBOTY
dQ dQ
=—==V—).
(9 dx dx )

[Tpu 3a0e3nevenHi MOCTIHHOI BETMYUHU Ce-
peaHbOI MIBUAKOCTI B mepepizi TpyOu, NaHui
PYX MOXKHA ONHCATH CHUCTEMOIO PiBHSHB, KA
CKJIAZIAETHCS 3 PIBHSHHS PYXy PIIWHU 31 3MiH-
Hoto BuTparor (1) i moamdikoBaHoro piB-
HSIHHS HEPO3PHUBHOCTI (2), IPEICTaBIICHIN Y BU-
i [11, 12]:

dh 2vdv A V°
=

— 0; (1)
dx g dx 2gD
dQ dQ H-h
== _V=Z_Kk — 2
d dx dx ¢ @ )

ne V — mocriifHa 3a BETMYMHOIO B3JIOBX JApEHa-
’KHOT'O TPyOOIIPOBO/TY 33/1aHa BEIMYMHA CEpe/I-
HBOI IIBHUIKOCTI B mepepizi moroky; D, Q —
3MiHHI 3a JIOBXKMHOIO JiaMeTp 1 IuIomia Irnepe-
pi3y Tpyou; Kp — koedimieHT QinpTparttii rpyHTy

HaBKOJIO Tpyou @ — ¢inbTpauiiHuii omip
npenw [13]. [H11 mo3HaueHHs MPUBE/IEH] BUIIE
(puc. 1).

Sk nokaszaHo B psaai poo6it, npu V = const 1
NpUEAHAHHI PIAMHU B pexuMi pinbTparii, apy-
MM 4IEHOM B piBHHHI (1) MOXKHA 3HEXTyBaTH
[14, 15]. Takox mpuitmaemo, mo dh = — dz. 3
ypaxyBaHHSIM LOT0 piBHAHHA (1) npuiiMe BU-
TS

2
%+—}L3ﬁv =0
dx 2gD

(3)

Jlnsi momanbIIoro aHalizy BBEIEMO HOBI
6e3po3MipHi 3MiHHI:

kd)x

Z Z — D
—,/—“; Z=—; D=—,
Qod\g z, D,

ne Dy — niametp 36ipHOTO TPyOOIIPOBOY B Ki-
HIIEBOMY Iepepi3i 30ipHUKa.
Jlerko mokasatH, 110

2
do=d ™" |-*pdb .
4 )72

X =
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[Mosuaunmo V = —===CONSt | toni Buxi-
9z,
nHa cucrema piBHSHB (3), (2) Oyne matu BH-
LIS

dz — 1

d)_( Clmk_ 360 D ( )

20 _7, (6)
dx

| .. .
ne ¢, =i,—— — KoedimieHt omopy 30ip-
36.K D
K
HOT'O JPEHAKHOTO TPYOOIPOBOY, SIKUH TiIpa-
XOBaHUH 32 BEIMYMHOIO JliaMeTpa B MOTO KiH-

1 Q@ |g
As=s—= 0 -
2X,. 2kl \z,

y3arajibHeHul mnapamerp 30ipHOI ApeHu, TKUi
BPaxoOBYe€ 11 KOHCTPYKTHBHI 1 inbTpamniiiHi xa-
PaKTEpUCTUKH.

EBOMY Iepepisi;

[Mincranoska D 3 (6) B 3anexwicts (5) i
PO3IO/I1I 3MIHHUX MMPUBOIUTH 0 PIBHSIHHS.

zdz=2C, A,V°dD. (7)
Moro po3s’s3ok [16] 6ye:
v S
- =2, AN D+C. (8)

KoHcTaHTy iHTerpyBaHHs 3HAXOJUMO 3 Tpa-

HUYHUX YMOB: Ha TIOYaTKy TpPyOOIpPOBOIY
-2

[lincTanoBka octaHHiX y (8) nmae MOXiH-
BICTh OTPUMATH 3JICKHICTh 3MIHU BiJIHOCHOTO
niameTrpa 30IpHOTO JIPEHAKHOTO TpPyOOIpo-
BOJY B 3aJIe)KHOCTI BiJl BIIHOCHOTO Tepemnay
HaropiB:

22 - an = 4Q|3M A36\73[_) . (9)

Jlns kinresoro mepepizy (D =11 Z, =1)
3anexHICTh (9) mpuiiMe BUTIISL:

1-72=45, AN°. (10)

VY BUMNaIKy BUKOPUCTAHHS HECKIHUCHHO JI0-
Broro 30ipHOTO JIPEHAKHOTO TPYOOIPOBOY,

npu | >0, Z, >0, Toxi 3 (10), maemo:
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1= 4C|m A36V °. (11)

3 OCTaHHBOT'O BHpA3y JETKO 3HAUTH I'paHH-
YH1 CHiBBIJHOIICHHS M)XK KOHCTPYKTUBHUMH 1
GinbTpamiiHUMH XapaKTepUCTUKAMU HECKIH-
YEHHO JIOBroro 30ipHOro TpyOOIpoBOay, B
SAKOMY 32 paxyHOK 30UIbIIEHHS Jiamerpa Ha
BCil MOTO JOBXKHHI 3a0€3Me4Yy€eThCsl MOCTiHHA
cepe/iHs MBUIKICTh PYXY.

B po3mMipHHX Benmu4MHAX IS KIHIIEBOTO Tie-
pepizy apeHu 0yeMo MaTH:

2
_ ZgzK_kqb
©oA,mdVe

, _ |k ®DV’
" 2gk,,

B xinneBoMy nepepisi rpaHudHi yMOBH Oy-

abo (12)

nyTh: Z, =1: EK =1. Toni koHcranTa iHTErpY-

BaHHS B PO3B’SI3KY (8)

C- % 20, AN

CKIIafe:

3 ypaxyBaHHSIM LIbOTO 3aJICKHICTH (§) Ha-
Oyze BUrsAay:

1-7°=4; AV°(1-D). (13)

Buxopuctanns y (13) crniigHomenss (11)
NPU3BOJUTH JIO CHPOILEHHS 3aleKHOCTI JUIs
ONMCAaHHS XapakTepy 3MIHM JiamMeTpa 3a J0B-
KHMHOIO 301pHOTO APEHAKHOTO TPYyOOIPOBOAY:

z=+D. (14)

JludepeHuioyd OCTaHHIA BUpa3 1 po3[i-
JIUB 00M/IBI YacTHHHU HA AX OTPUMAEMO:

@_ 1 d

dx 2D dx

3amiHUMO JiBY yacTuHy (15) iioro 3HaueH-
HsM 3 (5):

(15)

1 dD
—.(16
dx 10)

- 1
C, A3)V2::—_
l, 6 D 2 /D

30 .K
3A1ICHUBIIN HECKJIAIHI IEPETBOPEHHS 1 pO-
3UTMBILIY 3MiHHI, Oy1eMO MaTH:

2, AN?dx=+DdD.

3¢

Iarerpyemo (17) [16]:

(17)
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2

2¢, A36_2>‘<:§53/2 +C. (18)

30.K

Koucranty inTerpyBaHHs BH3HA4aeEMO 3

TpaHUYHUX YMOB: Ha TMOYaTKy 30ipHHKa
X =0;D,=0ic=o0:
D =3(3¢,, 4,V %) (19)
3, XY
a60 D=2 (Eglmv ? Tj (20)

I'pacdix 3miHM BiTHOCHOTO JiamMeTpa Tpyoo-
IPOBOTY 3a JOBXKHUHOIO 30ipHOTO JIPEHAKHOTO
TpyOOIIPOBOY Ui PO3MJISAYBAaHOTO BHIIAIKY
NpUBEACHUH HA puC. 2.
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Puc. 2. I'padik 3aexxHOCTI BIAHOCHOIO JiaMeTpa
BiJ BITHOCHOI JIOBKUHH

Fig. 2. Graph of the dependence of relative diame-
ter on relative length

B kinneBomy nepepisi mpu X = 1, maemo:

SaeKHICTh UIS BU3HAUYEHHSA BI1JHOCHOIO
nepenajay HarmopiB B IOBUIBHOMY Iepepi3i Mo-
*Ha oTpumatu niacrasusiu (20) B (14):

7=3/3¢, V7’4,X (22)
a60 ; zs/gglf \TZIE | (23)

[epexoastun 10 po3MipHUX BeauuuH 3 (20)
JiaMeTp TpyOu B TOBUTLHOMY Iepepi3i Ha BiJic-
TaHi X Bij ii moyatky Oyze:
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» \2
D:DKs( o J M (24)
Zg I
B kiHmi tpyowu:
V2
D, = 3 Al —, M (25)
z, 29

BUCHOBKHU TA PEKOMEHJAIII

VY Xoni JOCTIKEHHSI HAa OCHOBI aHANI3y IH-
(dhepeHIIMHNX PIBHSIHB, SKI OMUCYIOTh PYX pi-
IVHU Y HaIMlipHUX 30ipHUX IpEeHAXHUX TPyOOII-
POBOJIaX 3MIHHOTO (TaKOro, 10 301JIbIITY€ETHCS)
nepepisy 3a JOBXKUHOIO, po3po0ieHa JIOCHTH
MpOCTa 1 3pyYHa y BUKOPUCTAHHI METOJIUKA PO-
3paxyHKYy iX OCHOBHHX TIIpaBIIYHUAX XapaKTe-
PHUCTHK 1 KOHCTPYKTHBHHX rapametpis. [Ipen-
CTaBJICHI BiJIIOBITHI PO3paXyHKOBI 3aJI€KHOCTI
1 JOTIOMIXKHI rpadikH.
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Calculation of collecting drainage pipelines with variable cross-section

Oleksandr Kravchuk, Andriy Kravchuk

Abstract. In this study, a calculation methodology for determining the hydraulic characteristics and design
parameters of collecting pressure drainage pipelines with variable (increasing) cross-sections along their length
has been developed. The methodology is based on the analysis of a system of differential equations describing
the fluid flow with variable discharge in such pipelines. The most general case of a horizontal collector oper-
ating under the condition of a groundwater level above the pipe is considered. During the analysis of the gov-
erning equations, a mode of operation is examined in which the mean flow rate along the entire length of the
pipeline remains constant. The magnitude of the flow rate depends on the granulometric composition of the
surrounding soil in which the pipe is laid, as well as on the filtration characteristics of the pipe wall material.
The analysis of the governing differential equations is performed in a dimensionless form of the respective
variables. In the differential equation of variable flow rate, the second term accounting for head losses caused
by the effect of fluid attachment along the flow path is neglected, since its influence on the final results is
practically insignificant. When studying the basic equations and deriving the analytical relationships, the con-
cept of a conditionally infinitely long collecting pipeline, or a finite-length pipeline with infinitely permeable
lateral walls, is applied. The main feature of such a pipeline is the assumption that the head loss at its initial
cross-section can be taken as approximately zero. This simplification does not affect the accuracy of the ob-
tained analytical results. The principal parameters governing the variation of flow rate along the collecting
drainage pipeline are the collector resistance coefficient, (o, and the generalized parameter Acol, Which ac-
counts for the structural and filtration properties of the pipeline. As a result of the analysis, functional relation-
ships are obtained for the variation of the relative diameter as a function of the relative head loss along the
length of the collecting pressure drainage pipeline. Corresponding formulas are also presented in dimensional
form. The proposed relationships are characterized by simplicity and convenience of practical application,
making them suitable for engineering design and analysis. For clarity, the paper includes graphical materials
illustrating the obtained analytical dependencies.

Keywords: collecting drainage pipeline, hydraulic friction factor, hydraulic conductivity, filtration resistance,

variable flow rate.
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