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nPOPAYYH PACITO/EJIE IPOTOKA Y MPCTEHACTOJ HEBOBOJIHOJ MPEXKH

OBJEJAUILEHOM METOJOM YBOPOBA H ITIPCTEHOBA

CALCULATION OF FLOW DISTRIBUTION IN LOOPED PIPELINE NETWORK AFTER

THE NODE-LOOP METHOD

IIEJAH BPKH|
MHHHCTAPCTBO 38 HAYKY M TEXHOJIOWKH pa3soj, Beorpan, dejanrgf@tesla.rcub.bg.ac.rs

TOMA TAHACKOBHH ¢
Pyaapcko-reonouku dakynrer, hyuna 7, beorpan, tanaskovic@rgf.bg.ac.rs, ren. 011/3219-110

Pexune: [lpopasyn 2acoeodne 0ONOCHO 8000800HE Mpedice npcmenacmoz muna fe oanexo cnoxcenuju y ooHocy wa
npopayyw pasapaname Quempubymusne mpexce. Y osom pady ce npuxasyje jedna nozodwuja memoda y 00HOCY Ha
sodugpuxosary Xapdu Kpoc memody. H osde npuxasawa memoda, kao u moduguxosana memooda Xapdu Kpoca cy
umepamuene memode. 3a ypasHomedcerwe Mpexce Je nompeban omnputuxe ucmu 6poj umepayuja npumeHom
afjedurveie MeMOOE H60POBA U NPCMEHO8A KAO U NPUMEHOM Moduguxoesane Xapou Kpoc memode. Masua npednocm
objedurbene memode 460posa u npcmexoea y nopehery ca modugpuxosanom memodom Xapou Kpoca je y mome da ce
xkao pe3ynam y €eakoj umepayuju dobuja dupexmwno npomok Koju je yjedwo u yaaswu napamemap 3a caedehy
umepayujy. Mana smodudpuxoeane memode Xapou Kpoca je y mome wmo ce osaj npomox dobuja undupexmio Rpexo
nonpasku npomoka koje owda mpeba wa OCHOSY croXcewux anzebapckux npaswia cabpamu ca npomoxom u3
npenixoone umepayuje.

Kljuéne redi: pupoodnu 2ac, duanpu6yiusua Mpexca, 8000800, HEE0800, HYMEPULKUL MEMOO.

Abstract: Calculation of gas ie. water distribution network is much more complex compared with branch-like
distribution pipelines. In this paper is shown one more suitable method in comparison to modified Hardy Cross. Here
shown method as well as modified Hardy Cross method are iterative methods. For balancing of network, approximately
equal number of iteration are to be calculated after the here presented node-loop method as for the improved Hardy
Cross. Main advantage of the node-loop method in comparison to improved Hardy Cross method is that the final result
in each calculation is flow which is used directly as input parameter in the next iteration cycle. Disadvantage of the
improved Hardy Cross method is that this flows are calculated indirectly using flow corrections which they need to be
added after complicated algebraic scheme to the flows calculated in previous iteration.

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

HEMOTOAHOCT KOja MpaTtH npopa‘ryfz MPCTEHACTHX
auctpubyrusuux Mpexa. [lpoGaem je nemmnepan 3a
pasnuky oa npoGnemMa MpoTOKa CTPYje Kpo3 efeKTpHyHa
KOla Tako Ja ce pacmoena mpotoka daymma y
XHAPRYTHUKAM MpeXama MOpa PauyHaTH HTCPATHBHHM
MYTEM Y3 33[aBaiLe MOYETHHX YCI0Ba.

1. VBOJL

3a pa3nMKy O NPOTOKA CTPYje KPO3 JKHYAHE MPOBOAHHKE
KOA KOJHX je oTnop e HHICAH MaTEpHjanoM o Kora j¢
npoBoAHHK H3paljeH, NPH HYEMY Ce OTNOPHOCT HE MEHha
NPOMEHOM CTpYjé W HAMOHA, KOJ MPOTOKa (uIyHaa Kpo3
LEBH XHAPAYAHYKH OTTOp CE& MEiha Y 3aBHCHOCTH OA

KO/M4MHE MPOTOKA W XpanaBOCTH LEBH. 3a HCTY ues
oTnop Teuewy uywaa 3aBUCH BP0 MHOTO O
XHApayIHYKOr PeRHMA KOjH MOXe GHTH PasHOMHK M0YCH
o namuuapsor Ao notnyso typGyaentror. Koju je
PEXHM NPOTOKA 3ACTYILULEH Y oapeljeHoj uesx noTiyHo je
Ae(pMHHCAHO MO3IHABAIEM PENATHBHE XPanmaBoCTH Came
uesH Kao M nosuasamem PejHomncosor Gpoja. Jlok je
penaTHBHA XpanasocT OCOGHHA NEBH Koja Ce y AaToM
TPEHYTKY MOXKE CMaTpaTH HENPOMCHBHBHM CBOJCTBOM
uess, Pejuonacos Gpoj 3asmcu m3melly octamor on
6paune mporoka ¢uymaa kpoa ues. OBo je rnasua

3aparax je Ja ce 3a JaTy Mpexy NpopavyHa NpoToK Kpos
UEBM 3KO je MO3HATA TOTPOIIKA raca NpHAPYXKEHa
ysoposuma. OBa moTpomma ce ysuma kao Hajseha
moryha kako Ou Ouna 3azopo/beHa M CBaKa Mama
noTpomma koja ce yoOuuajeno jamma. [lymuHe H
NpPEYHHIH UEBH CY MOIHATH, K40 H XPAnaBocT UEBH Koja
j¢ morpefma camo 3a NpopayyH BOJOBOJHHX MPEKa.
Takolje je ynampex mo3HAaTa YKYNHA ynajHa KOJMH4HHA
dayuaa, 0JHOCHO raca HAH BOJE KOJH NPOTHTY KPO3 UEBH
Tako na 30upHa moTpowka (uiynna Mopa ha OArosapa
30HpHOj KOMHUMHH (QayHIa KOJH YIAa3H ¥ MpeXy Mpeko
jeasor WaH BHwe ynasa. [Towernwm ycnos kojm mopa 1a
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Gyac 3a1080/LEH 32 OTNOYHIbAILE MTEPATHBHO MPOLECA
je ma mopa Gutu 3anoosker npeH Kupxodos saxon 3a
CBaKM 4BOp YBeK, Y cBako] Wrepaumju. Ja 6um Guo
HCTTYH.CH OBAj ycnos Mopajy ce 04a6paTH NPOHIBOMLHK
TOYETHH MPOTOLM KOjM 3azosomasajy npen Kupxojos
3aKOH M KOji ce Mory onaGpatu Ha GECKOHaYHO MHOro
HawHa. Yenos no apyrom Kupxodosom 3akony 3a caky
KOHTYpY GuBa 3an0BoseH ca oarosapajyfiom Taunomhy
TEK Ha Kpajy npopadyna.

2. TOIMOJIOIHJA THUCTPUBYTHBHE
MPEXKE

Tlouetna matpuna KoHTYpa ka0 M MaTpHIa 4BOpoBa je
MCTOBCTHA 3a AaTy Mmpexy Ouno ma ce kopueru 3a
ancTpubyunjy raca wmm sone. Ilemep jeame uesosomme
Mpeske 3a aucTpuOyumjy daynna ce aaje na cmmy |

“Yaop Il

Camxa 1: Lenoroana Mpexa 3a auctpubyunjy ¢paynsa
NPCTEHACTOr THIIA

Ba camun | 4sop I je camo cnoj uesn 2, 3 1 6 u crora
HHJE Hi YAA3HH HH HINATHH.

Matpuua usoposa [N'] oarosapa npao Knpxodosom
3aKOHy, a marpuua koutypa [L] apyrom Kupxodosom
sakony. Mumuujanea matpuna wsoposa 3a mpexy ca
cake | ce moke HanucaTH kao (1):

1 P TR MR P
0 0 0 jst0
172 S S P e R m
§fL gl 1 1
-1 0 -1 0 o ol

Y nperxoamo mnpukasanoj matpuun [N']  komome
0AroBapajy ueBHMA, @ PeOBH YBOPOBHMA, TAKO A4 HIOp.
334 MpBH 9BOP MOYETHH NPOTOUM y uepHmMa 2 u 6 cy
YCMEPEHH 01 TOTr 4BOpa, 10K j€ NOHETHH NPOTOK KPO3 LeB
3 yemepen ka usopy L. 3a usop I cy nosesane camo uesn
2, 3 w 6. 3ar0 y npsom peay y xonown 2 u 6 croje
JEMHHHUE C3 HETATHBHMM NPCATHAKOM, Y KONOHH 3
JENMHULA Ca MOIMTUBHEM NPEIIHAKOM, 0K HA OCTAIHM
MecTiMa croje myne. Herom noruxom ¢y gopmupans 1
OCTATH PENOBH y MATPHUM 4BopoBa. MaTpuua weoposa
[N'] je amueapno 3asncra, Tako ma ce Mowe Ha3BaTH W
NPOMIKPEHOM MATPHLOM y4Boposa. Jla Gu ce ykimounna
JMHCApHA 3aBHcHOCT H3Mchy penosa matpume [N']
notpeio je usocrasuTH Guino KojH pea aaTe MaTtpuue
HHME C§ CYmTHHCKH He rybu mujesma wndopmauuja o
camoj mpewn (2):
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Koa marpuue xoutypa [L] osaxas npobnem He noctojy,
TaKo Aa ce 0aMax Moxe Hanucars (3):

3 B (S T RN R
[L]=[o -1 0 -1 1)

3)

Taxolje kao u xon MaTpuue uBOpOBa, KONOHE ONroBapajy
LcBHMa, a peaoBH koHTypama. Hnp. koutypy 1 3a Mpeky
ca cnuke 1 uune uesn 1, 2 u 3. Ha ocramam mectima y
npsoM pey matpiie [L] croje ryne; ynpaso 3ato wro 1e
LeBH M HC MpHNAfajy npsoj kouTypH. Ycmajajyhu na je
onaGpasn cMep oGuTacka KOHTYpE y cMepy 06pHyToM on
OKPCTAHm3 KAIABKE HA CATY TO CE MPBH MRHLMjaTHY
npotoun y ucsuma 2 4 3 nokaanajy ca oBako onaGpansy
CMepoM, ok ce y uesd | ne noxnana. Crora y npaom
peny matpuue (L] y xononn 2 u 3 croje jeammmue ca
TIO3HTHBHUM NpeA3HAkoM, a y konoHu | ca HeraTHBHmM,

3. OBJEAHHEHA METO/IA YBOPOBA U
IIPCTEHOBA

Pasnuka ksazpata npumHcaka Ha nouerky u Kpajy LeBH y
Ciyyajy MmpoTOKa OPHPOAMOr raca ce yobumajeno
npopavynasa kopuihessem jeanaunne Penoapa (4):

1.82

F=p§—p,’=4s:0-&-'b%%'— “)
u

Kana je nporok sose y nuramy kopwcta ce yobuuajerio

Japcu-BajcGaxosa jeanauuna (5) kojom ce onpehyje nag
IPHTHCKA ¥ [IEBM:

I 8:07
F=p -p; = ---,--n—?-p (5)

Hapcujes xoepuumjent xuapaynuuxor ornopa ce y
Ciyuajy mNpoTOKa BOAC pauysa mnpema dopmyn
Konbpyxa n Bajra (6):

R Fpgeres e . SR
e ;.+3.11-D]
H:acnmjnpomnloncmumaqsymumjammypa
3a Mpexy ca cauke | ce Moxe Hanmucats kao (7):

R=-R+E+K
Fg=-F,-F,-F+F;

(6)

- @

Y npetoanoj jemmaunnn pumcks Gpojesn ce ogHoce Ha
KOHTYpe, a apancku Ha uesu. ¥ yukumujn koHTypa ce y
HAMEM CIy4ajy caMO TNpoTOUH MmocMaTpajy  kao
MPOMEILHBE, & NOLUITO C& OHM M Tpaxe, MoTpetuo je Hahu
npse uisoae Gyuxunja kourypa (8):

Q) __F(Q), F(Q), kK@ )

Q 0 " ' x|
Iy (Q)__F,(Q) o Q)_aF,go)+an(Q2|? -
Q . X a 2l




3a mpoTok Kpo3 HOp. uew | y cayuajy npupoanor raca
osaj w3807 je (9):

. - on
ﬁ'.-_—-l—a:éQ) =1,sz-4sw-l"—é%|— )

Jlok ce y cay4ajy npoToKa BOAE OH Aaje xao (10):

O e —. . (]o
R Q bl w P )
e ce Jlapcujes KoedMUMjENT XuapaynHuKor oTnopa A
patyHa kao mo je Beh peseno npema (6).

Marpuua npotoka [Q] koju ce Tpae y npopauyny y koji
cy yaa3KH NOAALH Y CBAKO) HTEPAUM)H, OAHOCHO KOjH CY
yjeAHO M KOHAYaH PC3yATaT KojH ce Aobija Hako
nochease HTepaintje, 106Hja ce H3 MATpHYHE jeaHaumue
(1)

[NLIx[Q]=[V]
Quaxocuo 13 (12):
[Q]=inv[NL]x [V] (12)

Marpiua [NL] je ofjemmsyjyha marpuua usopoma u
KOHTYpa, £je ce mpeuX n-| penosa npenucyje AMpexTHO
13 MATPHUC YBOPOBA (2), 10K Ce ocTanK penosH A06ujajy
H3 Matpuuc koutypa (3), y3 kopexumjy na ce y meny
MATPHLES KOjH CC OIHOCH Ha KOHTYpE Mpeke CBAKH wiaH
Koju oarobapa oapehenoj uesn muoxu ca wisogom F|'
KOjit Ororapa Toj uesu (13):

(1)

0 0 0 1 -1 Bl
| 1 g% =g 0 o
0 0 0 0 1 1 (13)
[l -1 82 0 o o
-tF 1-F, I:Fy © 0 0
0 -1F 0 -IF -I-F 1-F

¥ nperxoanoj auckycuju je n 6poj 4Boposa.

Y wmarpuun [V] npeux n-1 penosa ce ommocs Ha
MOTPOIlLY MO HBOPOBHMA KOja je HenmpoMeH/buBa Yy
npopatyHy. [Ipsi ¥BOp koju cMO mpeTxoAHo oapexman
na Gyne peepeHTHN YBOP Ce HIOCTABBA K3 matpuue [V].
Matpuua [V] uma camo jeany xonony. Ocrann peaosu
OBE jEAHOKONOHCKE MATpHUE ce nobujajy npexo
$ysxumja nojeanuux uesw, oaMocHo mpeko ymkumja
KOHTYPA Ka0 M MPEKO MNpOTOKA MPOPAdyHATHX Y
MPETXO/IHO] HTEPALLHjH, OAHOCHO MPEKO YNA3HIMX MPOTOKA

¥ mocmatpauoj urepaumju (14):
-l 1
+|Qmu|

[v]= +Qu| (14)

"QJWI
-+l R 4ol K +lo )
~Fu+ jQal B =il -foy|-F +lo )

Omn!lmdjymjccmjnpmmﬁpojceomocnm
NOTpOWRY raca no wusopy. YKOAMKO je mpemiak
HEraTHBAH TO 3MauH 1a je Taj YBOP YNAIHH, ONHOCHO A4 je
¥ cymut seha kommunna Gaynaa KojH ynasH y mpexy og

mrxojuumnymmnjéuopym»—umu.y
matpHuH (V] koja je osae npukasana soposu 11 i V cy
ynasuu, ok cy usoposu III u IV uanazum,

4. 3AKJbYYAK

Y pany ce nmaje jenwa metosa koja ce ycmemmHo Moske
KOPHCTHTH 33 MpOpawyH pacriofiele NpoToka duayiaa
KPO3 UCBOBOAHY MpEKY, NPH YEMY CE JYKHHE W
MPETHHUM UCBH, Ka0 W MOTPOUIKLA Y3HMAjy Kao
KOHCTaHTe y npopadyy. Ynasu ¢aymna y mpexy ce
nocMaTpajy kao HeraTHBHA notpowma, [Ipeanoct man
APYTHM METOJaMa Kao IWNTO je HOp. MoAMQHKoBaHA
Xapan Kpocosa je y Tome wTo ce kao pesyarar
npopasysa nobujajy ampextho mpotoun duywma o
UEBHMA @ HE NONPABKE MPOTOKA €& KOJHMA Je PENaTHBHO
TEUIKO MABHHIYIUCATH,

Causna mpexa je seh ofpaliusana moandukosanou
Xapau Kpoc metozom Te ce Mory spusTu ynopehema y
npueryny [1]). Camune npumep MeTosa 3a BomoBOAHE
MpEAE Cy IOCTYMHH Y JIHTEPATYPH, €3 THM JIa C& 4ECTO y
JwmTepatypu  kopuctH  Xasen-Bunmjamcosa jenmaunma
Koja nma Gpojue mane [2-4].

Tuonnpckn pan Xapam Kpoca je oa 2007 roamme
locTynad y cnoboaHOM MPHCTYNY Npeko HHTepHeTa y
Qopmu PDF gokymenTa, Tako A3 jc BPTO KOPHCHO
MOFACAATH OBY KIHIKHUY KOja je MOCTABHAA TeMesse y
0BOj ofmacTH M Koja je M A3H NaWac He3aoOWJAIHM
MATepijan Kaga ce MPOy4aBajy MPCTEHACTE UEBOBOIHE
mpeke (5], Bpojun wcTpakusaum cy KACHMjE BpLUHIH
Momnduraunje opurnnanie Xapan Kpoc merone [6, 7).
Metoau crwimm obse u3HeToM pasujajy ce om kpaja
WIC3ACCETHX rOMHA JABAIECETOr BEKA M TO Ynopeao ca
pasBojeM pauyHapcke TeXHHKE Koja je motpebHa kao
NOAPUIKA 3AXTEBHHM MATPIYHUM MeTofanma [2, 6-9].

KOPHUI'REHE O3HAKE

p — nputHcak (Pa)

Pr — penaTHBHA rycruua raca (-)

L - ny®wuna uesn (m)

D — npeunux uesn (m)

p - ryctuna soze (kg/m’)

A — Jlapcujes koeduumjent xuapayauxor ornopa (-)
Re — Pejuonacos Gpoj (-)

£ — ancoNyTHA XPanasocT uesu (m)

Q — nipotok (m'/s)
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