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ONTHMH3ALIUJA MMPEYHHUKA LHEBH ¥ MIPCTEHACTOJ HEBOBOAHOJ MPEKH
MOJIH®HKOBAHOM METOOM IIET/BU

OPTIMISATION OF PIPE DIAMETERS IN LOOPED PIPELINE NETWORK AFTER
THE MODIFIED LOOP METHOD

TOMA TAHACKOBHHR
Pynapcxo-reonourku daxymrer, Bymmnna 7, Beorpan, tanaskovic@rgf.bg ac.rs, Ten. 011/3219-110

JIEJAH EPKHFR
MHHHCTAPCTRO 32 HAYKY H TeXHONOWKH pa3soj, Beorpan, dejanrgf@tesla.rcub.bg.ac.rs

Paume: Haxon sagpuwiemxa npopavyna ducmpubyyuje npomoka ¢ryvuda Kpo3s yesu npcmexacme Oucmpudymuene
mpexce wecmo cy Opiune npomoxa no NOjEOUMUN ZpaKama wni Cyeuuwe mate wnu cysuwe eenuxe. 3602 moza je
nompetHo UIEPUAINIE ORMUMUBALUY NPeynuka y ckrady ca npenopywenum bpsunava. [Ipenopyvena Gpsuna kpemara
gode Kpo3 eodosodne yesu je 00 0.75-1,5 mfs, dox je y cayxajy 2acosoda npenopywena bpauna Kojom 2ac cue 0a ce
kpehe 3namno euwa u smoxce whu u 0o 20 m/s. lTowmo je zac cmuwinus Gayud numarse Gpsune npomoka 2aca je
croxcenuje we20 Kad ce pasmampa npomox eode. Y pady ce npuxasyje nocmynak onmumusayuje npessuxa
sodugpuxoeanom Xapou Kpoc memodom. 3a paznuxy 00 kracuuwoz npobresa npopavysa pacnodene npomoxka Kpo3
yeal 20e cy NPoOMoYu NPOMErUEE, Y 080¢ NPUKAAHOM ONMUMUSAYUOHOM NPobaemy, NPomoNyl Cy Kowcmanme Jox ce
ApeNHULl YIUMGJY KAO NPOMEN bUEE.

Kljuéne refi: [Tpupodnu 2ac, ducmpubiymusna smpexca, 8000600, 1e80800, HYMEPUNKNY MeMOD, onmusuzanja.

Abstract: After the calculation of flows in a looped pipeline distribution network is done, very often velocity of fluid in
some of the pipeline branches are undersized while in other are oversized. Hence, it is necessary to perform
optimization of the pipes' diameter to fit in range of suggested values. Suggested velocities for water flow in waterwerks
systems are 0.75-1.5 m/s, while in the case of natural gas flow in gas-pipelines this velocity limit is increased up 1020
m/s. Problem of velocity in a gas pipeline is more complex in comparison 10 water velocity. This issue is caused by
compressibility of gas. In this paper is shown procedure of diameters’ optimization after the modified Hardy Cross
method. Difference in comparison to classical problem in which flow distribution is unknown is that on the contrary, in
optimization problem flows are now constants while the diameters are treated as variables.

Keywords: Natural Gas, Distribution Network, Waterworks, Pipeline, Numerical Method, Optimization Problem.

pemena Xapaun Kpoc meromom, yoGuuajeno ce y crsapu

1. YBOJ{

Ommummsaumja npedyHHka WEBH KOjE  CaYHmbaBajy
BOIOBO/IHY, OAHOCHO FACOBOJAHY MpPCTEHACTY Mpexky he
C¢ CNpOBECTH HAa OCHOBY NPHHUANA HA KOjHMa je
3acHosana metosa Xapau Kpoca [1]. Kacuuje cy Epp u
Fowler ywanpeawm osaj meroa 1970. romume [2]. V
yHanpeliesom metony ce ofaBe3sHO KOPHCTH MAaTPHHHM
pauy [2]. Opurnnanau Xapau Kpoc meton [1] mowe
GuTi M3paKEH MATPHYHO, ATH M HE MOPA LITO A YHHM
MOTOMHMJHM 33 TIB. PydHE TNPOPAYYHE MpEKE CaMO
nomolly kankynaropa. Paintuka usmelly OpurmHanHor u
y#anpelienor metona je camo y Gpojy nrepawija nocnae
KOjx ce nonasu no 3agososkaBajyhier pemema. OGa
Metona ¢y nmpunaroliema u 3a mpopauyH racoBOAHHMX
Mpeia (3, 4], a Takohe ce kopncTe BpAO ycnemmo u y
CAy4ajy npopauyna Kaxo BOJOBOJHHX mpexa [5], Tako u
BEHTINIAUHONIX CHCTeMa y 3rpafama [6] waH pyaHHLHMa
[7). Kama ce y nanamme BpeMe Kaxke Ja je Heka Mpeka

MHCIH HA mheHy MoaudukoBaHy Bep3djy. Y aaHamibe
BpeME CY IIHPOKO JOCTYMHH PavuyHAPCKH NMPOTrPaMil KOjH
CAy#e 3a MpOPatuyH UECBOBOJHHX MpeXka MPCTEHACTOr
THna [8]. Mehyrum y nmanammwe Bpeme je moryhe u
noGossiwans Xapau Kpoc MCTOn KOPHCTHTH 4ak H Y
coyuajy T3B. pydHE KAIKyJalMje, C THM Ja CE yMecTo
KANKYNaTypa KOPHCTH CTAHAAPAHM PAYyHAPCKH MPOrpas
MS Excel 2007, nomoliy kora ce Bpno nako onepuule ca
MaTpHIIaMa.

2. ONTUMM3AITMOHH ITPOBJIEM

Kox 138. knacHusor npofieMa Mpexka ce MOCMaTpa Kao
seh mara, 1), ca yuanpen oapelieHHM npedHHUNMA,
NYKHHAME W XpanapocTHMa UCBM, KA0 H Ca yHanpeq
onpeljenum MakcHManHuM moTpomkama quiynaa no
4BopoBHMa Mpeke (ymasn (uiynza y  mpexy ce
MOCMATpajy K40 METATHBHA MOTPOMIKA), JOK ce
npepacnogena mpoToxa Mo rpaxama (uesnMa) Mpexe
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npopauywasa. Kon mpobaema onmummsausje, yHanpea je
MO3HATA pacrojie/ia MPOTOKA MO rpasaMa LCBOBOIHE
MPEKe, 0K C€ NPEYHHUM NPOPAYYHABA]Y Y HTCPATHRHOM
noctynky. ¥ Caytajy mpoToka raca Kpo3 noHETHICHCKE
LEBH BPE/IHOCT PENATHBNE XPANaBoCTH Ce 3aHeMapyje jep
je y oBom chayuajy PpexuM npotoka yoGuuajeso
xugpaynuuky ‘raagaxk’. ¥ osom pany hie ce nocmarpati
camo npoGnem aucTpuyumje raca Kao CIOXEHMjH Y
oaxocy Ha npobnem auCTpHOYUMje BOAC M3 TOr pasnora
wro je rac komnpecubunan dgayna. Haume y tumuamoj
rpaacko] Mpexu 3a aucTpubyuMjy raca npuTHcak je
otnpunnke 4'10° Pa, wro 31asn A2 McTa Maca raca HMa
HETHPH MYTa Maky 3aNPEMHHY 0] 3ANPEMHHE HCTE Mace
raca Ha HODMATHHM HAM CTAHAAPAHUM YCIOBHMA.
Mocnesnua oBora je na Gp3HHA raca y UCBOBOAY 3ABMCH
O NPHTHCKA KOJU Biiaga y ictom (1):

ve2PaQ )

D;-m-p

[MpoGnem onTHMHIANMjE NPEYHHKA Y IACOBOANO] MPEAKH
MPCTEHACTOr THIA je¢ HAJKOPHCHH]E pAIMOTPHUTH Ha
npumepy. Jenan Takas NpUMEp racoBOIHE MPEKE CE Aaje
Ha canum 1. Jlyswuna ceHX neeu ca cauxe | je 100m,
ocuy uesH | umja je ayxuna 200m.

1000 mt 700 mr 50C mit 750 mYir
P =3 —
Uee 2 Ues 7
200 mt e
Ll
Uee 4 Kommype I (1} 250 mip
300 m’all
Kowrype Ues 9
400 mtF
Ues *
Liee 3 Uee 6 50C myt

300 m%t 10C mt

Canxa 1: Tlpumep racosoaue mpexe

Ha ocuoBy jenwauuse (1) nako ce MOKE H3PasHTH
HEIOIHATH NpeyHHK (2):

D, = %ﬁ @)

Y nperxoasoj jeamaunnn (2) jeauHa memo3uata
BeantHHa je Gpanaa daynia koja ce y cayuajy npotoka
raca ycpaja xa Gyae mama oa 20 m/s, 0k ce 33 BoJOBOgE
Gp3uua pose ycBaja Kao 3HATHO HIKA W TO y oncery 0,75-
1,5 m/s. Yceojuhe ce aa je y Hawem cayuajy Gpsuua
cTpyjama raca xpo3 uesi 15 m/s. Hapauynatu nonasuu
NpeqHHLH 32 NpHMep ca cauke 1 ce aajy y Tabemn 1.

MNpeunnun ucsn y tabean 1 cy noGujene 3a plpy=q4
[Nanosu npuTHCKa 3a racHe Mpeske ce 1o0ujajy 1a ocopy |
Penoapose jeanayune (3):

1.0M82

F=p}-p}=4810.20 = Qu @)
u

Ca cauxe | Moxe ce 3aK/BYdWTH 1a je 32 cBaku
MpEske 3a7I0B0/bEH YCnoB no npeom Kupxodosom sakony
KOjH MOpa i /I Ce OAPXKM 3a CBAKY HAPCHY HTEPaLnLjy,
Mehyrum 3a npeamuxe mave y TtaGemd 1, apyry
Kupxojos 3akon muje 3azoBomen, Tako Aa ce Mopa
MPHCTYNHTH YPABHOTEKCIY MpeKe KOje C&  MOwe
H3BECTH HA ABa Ha4nwHa; -1. Knacuuwo, Tako wrro ce
NPEUHHLM UEBH CMATPajy KOHCTAHTAME, a MPOTOUM fo
UEBHMA Ce MpopauyHasajy noroanom merogzom (1-4, 9],
Wi -2, ONTHMH3ALKjOM, rAe C& NPEUHHI CMaTpajy
UPOMEHBHBHMA @ MpOTOUM 1O  [PaHAMa  Mpeke
KOHCTaHTaMma.

3. OlITUMU3ALIHOHH METO

Cmiuno k30 M koA KaacHyHor metoma aedumuncalic ce
dynkumje xontypa (4) monasehu on jeanaunse (3) 3a
Mpexy ca chnke 1.
F=F-F+F-F+K]
Fi=F-F+K-F, } 4
Fy =-F-F+FK+F,
®ynxunje KOHTYpa (4) Cy HanUCcaHe 3a TAKO WITO je CBaka

KOHTYpPa OMHCHBAHA Y CMEpY CYMPOTHOM O KpeTamwa
Kajasbke Ha cary.

3a paymuky oa KknacHuYHOr mnpHCTYna, 3a  MeTomy
ONTHMH3AUH]E MpeuHHKa je noTpeGHo nahu ussone ako
Ce MPEeYHHUM MOCMATpajy Kao MPOMEHLHBE BETHYHHE
(5):

QF;(D.)"BP"(D_) 3F.(D.]+&F,(D.]_3F.(D,}+BF(D ]l
aD, ab, D, a, aD, D,
oFy(D,) _3F,(D,) 2R (D,) (D) oF,(D,) Lﬁs)

ab, 3D aD 2D D
#y0.) __,,) 2,0, h,b,) .lo,) L
oD aD, oD

D

Ha npumep, 3a ues | npeu n3son je (6);

L-Ob%2
Fl'=££2¥_)=_4.82.4810.p_‘_l:.—g.1_. (6)
aDu D[’JZ

Ilompaska npeynnka 3a npBY KOHTYPY ce mpema
Knaciunoj Xapau Kpoc meronw pauyra, Hnp. 3a KOHTYpY
I xao (7):

- ED,) '
A[{Dulgél i aﬁ D {7}
dD,

TMowro he ce onTumm3aumja y Hamem cayyajy spunTH
ynanpeljerom Xapau Kpocosom metogom 3a kojy je
notpe6HO  yBECTH  MATPHYHM  padyH, MpopauyH
NONPABHAX MPEYHHUKA 3aMHCATH ¥ MaTPHYHOM ODaMKY
8):

Iw;(n, ¥ o J= [0, )] ®)



Tabena 2: [Tpumep n {npsa jasa ca canke |
i +0,04205 | +28746376456 -3294893153110 | +0,003400943 +0,045453
2 -0,06424 | -B718601136 -654200195465 | +0,003400943 -0,060835
3 +0,04205 | +14373188228 -1647446576555 | +0,003400943 +0,045453
4 | -0,03434 | -18257737380 -2563013020964 | +0,003400943 | -0,001280657% | -0,032215
5 +0,04856 | +12129398327 1204004519864 | +0,003400943 | -0,000240858= | +0,051718
L | +28272624496 -9363566465958
A(D,)=-0,003400943; npema j-u (8)
4 +0,03434 | +18257737380 -2563013020964 | +0.001280657 | -0.003400943= [ +0,032215
;] -0,05429 | -10633160046 -944052622692 | +0,001280657 -0,053009
8 +0,03839 | +16005529575 2009642924520 | +0,001280657 +0,039669
10 |-002974 | -21635194830 -3506986026540 | +0,001280657 | -0.000240858+ | -0,028696
I | +1994912078 -9023694594716
Ay(D,)=-0,001280657; npema j-un (8)
mys -0,04856 | -12129398327 -1204004519864 | +0,000240858 | -0,003400943= | -0,051718
6 -0.02428 | -27482399807 -5455989273507 | +0.000240858 -0,024038
9 +0.04856 | +12129398327 1204004519864 | +0.000240858 +0.048799
10| +0,02974 | 421635194830 -3506986026540 | +0,000240858 | -0.001280657= | +0,028696
I | -5847204976 -11370984339774
_An(D,)=-0,000240858; npema j-uu (8)

Y HameMm Cayuajy MaTtpHua, Tj. BEKTOpP HENMOIHATHX
nonpasKi NPOTOKA C& MOsE 3anucaTh kao (9):

Al(Dn )-I
[ao} }- An(Du)J ©)
AN(Dn _Ji
Bex:tl;g;]:ymuja KOHTYpA Ce faje y MaTpHIHOM 0Gauky
F(D,)]
I, )= £y (D,)J (10)
FIII (Du -’i-l

Martpuita n3soaa ce y cayyajy opuarnranse Xapau Kpoc
metoae gaje kao (11):

aF(D,) u " 1
aD,
brogpol| o J|EJ o | an
9F, (D,
4 aDu _lH

Bpojay i ce ommocH ua ompeheny wrepawuty. Pasmika
. Himelly opurunanne u ynanpehene Xapau Kpoc metoze
Je y TOMe WO C& KO OPHIHHATHE METOE jaB/bajy CaMo
0 Ha mecTHma CBMX 4/aHOBAa BaH rAaBHE AMjaroHane y
MaTpuuH  m3soma  Qymxumja  xomtypa (11). Kon
mompukosane Xapau Kpoc meroje oa npasua nossa ce
NONYILABAjY HA OCHOBY CYCEAHOCTH KOHTYPA. Tako Hnp.
liea 4 je sajeuuka 32 koutype | u [, ues 10 3a kontype
Il w I, ok je nes 5 sajeanmaxa 3a kortype I u 111 Taxo
Ce y cayuajy ywanpeleuor Xapan Kpoc meroma moxe
HanucaTh matpuua uisosa kao (12), Marpuua n3sona je
CHMCTpHYHA ¥ OANOCY HA rnasHy aujaromany. Tako ce
HOp. y npecexy UpBE KOIOHE W [PYror peaa, xao u y
TIpEceKy MPBOF pefla M APYre KONOHE YIHCY]e HCTH YnaH,
OmMocHO W3soA dynKmMje UesH 4 mOWTO je oBa uew
sajemmirka koutype [ u Il Cou enementit Bau riasse

AnjaroHane y MaTPHLLA H3BOMA CE Y3UMAjY ca CynpoTHHM
NPCATHAKOM Ol OHHX Ha [MIABHO) JHJArOHANH.

oF(D,) _9R(p,) aR(D,)]
R A
= 4 Du a‘Fll Du *‘l DI 1 )
e, )< gkt N
= BFS{Du ) i aFlll(Du} aF!I!(D')
aD, aD, aD, /o

Hakon npopasyha MaTpHue HenoswaTHX, Tj. MarpHue
NONPAaBHHX MNPOTOKA, MA NPEYHHK CBAKE UEBH Y
onpeheroj kouTypH KojW je npopaUuyHar ¥ upeTXomHoj
HTepaunjn notpeGHo je mosatn oarosapajyhy nonpasky
33 MpHnasajyly KOHTYPY Ca HETaTHEHHMM MPEA3HAKOM.
Taxo unp. nopasHu npeynux A, ce A01aje ca HEraTHBRIM
NPEA3HAKOM Ha MPEYHHKE CBUX UEBH W3 NpBe KOHYpE, Tj.
Ha uesi 1,2, 3,4 n 5. TIpeunni ueswu 1, 3 u S y npsoj
HTEPAUMjH CC Y3HMA]Y KAO OIHTHBHN JEp C¢ LHXOB CMep
MoK14ana ca yCBojeHHM cMepoM obitnacka KoHType.

Llesu sajensidke 3a aBe KOHTYPE MOpajy NpHMHTH

AONATHY KOPEKUM]y NpPEYHHKA HA OCHOBY MpaBHia

(3,4.9], Tako na anrebapcko cabupame TpeGa wIBpATH

Ha ocHOBY crenehux npasuna [8, 9], [12]:

l. AnreBapcku 3max 3a nonpasky A, Tpea ysetw ca
PaINHHUTHM MPEA3HAKOM O CBOT 3HaKa, Tj. notpebHo
Jje cabpatu kana je 3uak - (Mumyc), u 06pHyTO;

2. AnreBapcka onepaiuja 3a nonpasky A; TpeGa na Gyae
CYNpOTHA 04 HEHOT AOMEr IHAKA KAJA jé FOPILH 3HAK
MCTH KA0 OHaj Y3 MPOTOK CPAauyHAT Y MPETXOAHO]
uTepauiji (0AHOCHO Y NpBOj HTEpauMjn 3IHAK y3
NPETNOCTAB/REH MHAUMJAIHE APOTOK), ¥ CYNPOTHOM
J€ HCTH K40 JA0FH 3HAK.

lopwn 3max koju cc ofW4HO mHmE y3 mompamky
MpEYHUKA KOja MOTHYE M3 CyceAHe KOHTYpe (A;) npu
npopatyny; + (naye) wam — (Mumyc), ykasyje nam ua
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HaYMH oO0MIaakema CYCEANC KOHTYPC Y OAHOCY Ha
NPCTNIOCTAB/LCHE CMEP NpOTOKA. YKOIMKO ©€ CcMEp
NPETNOCTARLEHOr  MPOTOKA ca cucpoM
obunaxema Cycelne KOHTYPE YCBaja C& rOpibM 3HaK +
(mayc), y cynporHoM—{MHHYC). Iloumuupﬂllcyjc
¥3 NpBC TONPABKE CYCEHE KOHTYPS €3 KOjOM IOCTOjH
sajenmuxa  ues. Kopexmmja A; ce oagdocm ma
npunanajylly xoHTypy, Aok ce xopexuija A; ycsaja i
KOHTYpa KOjuMa upunazajy 3ajeasrike uesu [3, 4]
(enzetn Tabeny 2 3a nojmose rOpEH H A0KH 3HAK, H3A
Kopkingje 2).

Mpopasyn ce 3aycTaBsa Kalza yciaoB 0[O ApyroM
Knpxodosom saxouy Gyae nmpabmukno 0 y cxaazy ca
yHanpea mpemocTasbeHoM Taunomhy. ¥ mareparypu ce
4ecTo npes Knpxodos 3ak0H HasuBa H NPBHM 3aKOHOM
xuapayanke, a apyru Kupxodos 3axon Apyrum 3akoHoM
xigpayimke. [lpem  3akoM  cymTMHCKN  OAroBapa
MPUHITHITY OJIP#atha MACE, @ IPYIH OAPKALa CHEPIHje.

[lo saspwerxy npopa4yna, Gpamsa nporoka ¢aynaa sehe
Gurn ona 3a xojy je Bpmena omrmMusamgja, seh he ta
Opauna (v mawem caysajy 15 m/s), Gurn ornpuanke
cpemba Op3nKa NpoToKa y Mpekn. Y Hexum rpanama hie
Gutu mama, mok he y uexuma Ot scha on ose
‘ormnunupajyhe’ Opauue, am c¢ muyjeaso] uesH kehie
jaBuTH mnpesennko oxcTymame (Tabesa 3). Hapasmo,
Kpajibit pe3yaTatH Koji ce A0OHjy 33 mpeuHuxe nehe
OrOBaPaTH CTAHIAPAHHM MPEMHHLHMA [eBH, TAKO A2 je
notpebno ycsojuty npen Belin WAM MaBH CTaRIApaun
npesnnk. Opo lic yHexOmIKO NOKBapHTH pacniomery
npoToKa Mo uesima Tako aa 6w Guno mobpo ca osum
CTAHIAPAHNM NPEUNHINMA jOII jEIHOM MPOpadyHATH
MpeXYy Ha KJIACHYEH HaYHMH KO KOra c¢ NpOTOIUM
NOCMaTpajy Kao NPOMEH/LHBE.

3a npopayys nprkazan y Tabenn 2 cy notpe6Hn npoToun
1m0 (eBMMa KOji Cy AaTh Ha camuw |, Mok je norpebua
MYAKHHA UCBH AaTa ¥ OpeTXoaHoM texcry. [Mporoum y
npopadyHy npukasauom y Tabems 2 mMopajy Gutn y m'/s.
Kosaase Gpaume nporoka raca no ucsima cy AaTe y
TaGemn 3. [Ipopadys je BpmieH y AeceT uTcpaumja.

Tabena 3: Kpajne Gpmne npoTOKa

Iles | vim/s) | Tles | wo(Gnfs)
1 12,61 6 1543
2 16,95 7 15,89
3 12,61 8 13.86
4 17,20 9 14,79
5 13.07 10 16,29
4. 3AKJbYYAK

Yuanpehennm Xapmn Kpoc metonom ce aobuja pemesse
npofreMa mnpopauyHa MpeKe Ca YHAUPEA 3ANATOM
Tasmomhy, 610 KAACHIHOr M ONTHMH3ALHOHOT NOCHE
3HaTHO Mamer Gpoja moTpebEnx Wrepawja y nopehemny
ca opurunamiinM Xapau Kpoc metomos.

Yuanpehenn Xapan Kpoc meroa npunaga 8. Fbytsosej
rpynn Hymepudknx seroga [10). Jawac cy aocrynue
pazmranTe BaprjanTe FbyTHOBIX HyMepUEKIX MCTORa 3a
pemasame NpodieMa MPOTOKZ ¥ MPCTEHACTEM MpekaMma

oL

[11, 12]. ¥ crpyunoj mrreparypu ce metoje 9ecto Xapm
Ha3MBaJy H METOAMA NCTIbH.

KOPHIIREHE O3HAKE

v — Gp3na (mfs)

Q - mpoToxk (m'/s)

p — npuTucax (Pa)

P — penaTHBHA rycrisa raca (0,64)
L — ay=una uesn (m)

D — npevnnk ueen (m)

St - CTAHAAPIHH YCNOBH
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