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Abstract

One of the most important conditions is that when transporting liquefied gasses, the pres-
sure must not be allowed to fall below the saturation pressure. The formation of a vapor (gas)
phase in the pipeline not only increases energy costs, but also adversely affects the safety of
transportation. Since the process of transporting liquefied gas is very sensitive to changes in am-
bient temperature and pressure in the system, any changes in temperature and pressure in both
static and dynamic conditions cause serious changes in the liquefied gas pipeline. This effect also
affects its volume and other macroscopic parameters associated with the physicochemical proper-
ties of liquid gasses. Taking into account the above, the changes caused by pressure and tempera-
ture factors in liquefied gas pipelines are investigated. The article shows the significant influence
of the temperature factor on the change in pressure under static conditions in a pipeline transport-
ing liquefied gas, and the importance of taking it into account.
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Maye qaz koamarlorindJ statik soraitds tozyiq vo
temperaturun doyismasinin tasiri

Q.Q. ismayilov, X.T. Cahangirova
Azorbaycan Doviat Neft va Sanaye Universiteti (Azadliq pr. 16/21, Baki, AZ1010, Azarbaycan)

Xiilasa

On vacib sortlordon biri odur ki, maye gazlarin naqli zamam tozyiqin doyma tozyiqindon asagi
diismosine yol vermok olmaz. Komoards buxar (qaz) fazasinin yaranmasi tokco enerji xarclorini artirmur,
hom do noqlin tohliikasizliyi mosalasine manfi tosir gostorir. Maye qazlarin naqli prosesi otraf miihitin
temperaturunun va sistemds tozyiqin doyismasine ¢ox hassas oldugu iiciin istonilon temperatur vo tozyiq
doyismasi, istar statik, istorsa do dinamik soraitdo maye qaz koamorinds ciddi doayisikliklora sabab olur. Bu
tosir maye qazlarin fiziki-kimyavi xassalari ilo bagli onun hacmins vo digar makroskopik parametrlors do
tosir edir. Qeyd olunanlari nazera alaraq maye qaz komorlorindo tozyiq ve temperatur amillorinin
tosirindon yaranan doyisiklor tadqiq edilmisdir. Moaqalodo maye gqazi naql edon boru komoarindo
temperatur amilinin statik soraitds tozyiqin doyismosing tasirinin ohomiyyatli doracads olmasi vo bunun
nazora alinmasinin vacibliyi gosterilmisdir.

Acar sozlor:  maye qaz, karbohidrogen, temperatur, tozyiq, doymus buxar, buxar fazasi.

BiausiHue M3MeHeHHUsl JaBJIEHUS H TEMIICPATYPbI B pr60npOBoz(e

C:KMKEHHOT0 ra3a B CTAaTHY€CKHUX YCJI0BHUAX
I'.T'. UcmaiibLioB, X.T. /Ixkaxanruposa

Asepbauiddcanckuii 20cy0apcmeenHblil yHugepcumem Hedpmu u npomviuinennocmu (np. Azaonvie, 16/21,
baxy, AZ1010, Azepbatioxncan)

AHHOTAUA

OnHuM U3 BaXXHEHIINX YCIOBUH SBISETCS TO, YTO NPHU TPAHCHOPTUPOBKE CXKIKEHHBIX T'a30B HEllb-
351 JIOTYCKaTh MaJIeHHs IaBJICHUS HIKE JaBiieHus Hackimenus. OOpa3oBaHue napoBoii (razoBoi) ¢assl B
TpyOOIpPOBO/E HE TOJIBKO YBEJIMUMBAET 3aTPaThl SHEPTHUH, HO M OTPULATENHHO CKa3bIBaeTcsl Ha Oezomac-
HOCTH nepeBo3oK. [lockosbKy mporece TpaHCIIOPTUPOBKH CHKMKEHHOTO T'a3a OUYCHb YYBCTBHUTENEH K U3-
MEHEHHUSM TeMIIepaTyphl OKPY Karolei cpe/ibl ¥ JaBJICHUS B CUCTEME, JIF0ObIEe 3MEHEHHS TEMITEPaTyPhl 1
JIaBJICHHUS KaK B CTATUYECKUX, TaK M B JIMHAMHYCCKHX YCIOBHUSIX BBI3BIBAIOT CEPhE3HbIC H3MEHEHHS B TPY-
00onpoBOAE CKIKEHHOTO Taza. ITOT 3(Q(eKT BIUAET TakkKe Ha ero 00beM MU APYrHe MaKpOCKOITHYECKHUE
napamMeTphl, CBSI3aHHBbIE C (PU3UKO-XMMUYECKUMHU CBOMCTBAMH XHIKUX Ta30B. C y4eTOM H3IJI0KEHHOTO
WCCIIe/IOBAaHbl U3MEHEHMsI, BEI3BAaHHBIE (PaKTOPaMU JaBJICHUS U TEMIIEPATYPhl B TPYOOIPOBOAX CHKMUKEH-
HOTO Ta3a. B craThe Mmoka3aHO CyLIECTBEHHOE BIIMSHHE TeMIepaTypHOro ()akTopa Ha M3MEHEHHE JaBiie-
HUSl B CTaTHUECKUX YCJIOBUSIX B TPyOONPOBOAE, TPAHCIIOPTHPYIOUIEM CXKMKEHHBIN Ta3, U BaXKHOCThH €r0
y4era.

KiroueBble ciioBa: XKHUJIKHIN Ta3, YIJIeBOAOPO/I, TeMIepaTypa, JaBJICHHEe, HACHIICHHBIN Tap, mapoBas
¢a3za.
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Giris

Molumdur ki, boru komorlori ilo nogl
tsulunun bir sira istiinliiklorino baxmayaraq
maye qazlarin komorlor sistemi ilo somarali
naqli tiglin hal-hazirda kifayat qodor tocriibo
toplanmamigdir [1-5]. Boru komorlori ilo noqgl
zamant on vacib texnoloji tolob ondan ibarot-
dir ki, komords tozyiq elo soviyyado saxlanil-
malidir ki, maye qazin buxara cevrilmasing
yol verilmoasin. Yoni verilon temperaturlarda
tozyiqin doymus buxar tozyiqindon asagi
diismasi bas vermasin [6-8]. Bu ciir texnoloji
tolob  yerino  yetirilmadiyi halda boru
komorlorindo qaz tixaclarmin yaranmasi vo
istismar somoraliliyinin asagi diigmosi basg
vermis olur. Adston geyd olunan bu halin
qarsisint almaq moqsadilo boru komorindo
minimal tozyiq doymus buxar tozyiqindon 0,6-
0,8 MPa g¢ox qobul -edilir.
komorin  trasinin  relyefindon  vo
temperaturundan asili olaraq c¢ixisda tolob
olunan tozyiq qiymetinin miioyyonlosdirilmasi
vacibdir. Maye gazlar ii¢iin boru komorlorindo

Bunun ig¢iin
naql

tozyiqin tolob olunan minimal qiymatlori
cadvalda verilmigdir [9-10].

Cadval — Boru komarinds tozyigin minimal
giymatlori (MPa ils)

Table — Minimum pressure values in the pipeline
(MPa)

Otraf miihitin temperaturu, °C

Qazin adi Qis faslinda Yayda
-20 0 25
Propan 0,94 1,2 1,7
Butan 0,70 0,8 1.05
Propan-Butan 0,90 1,1 1,3

(50+50%)
Maye qazlarn nogl edon  boru

komoarlarinin texnoloji sxemi sakildo gostaril-
migdir.

Sxem— Maye gaz kamarinin texnoloji sxemi:

1 — bag nasos stansiyasinin ¢anlari; 2 — bas nasos
stansiyasi; 3 — Ol¢ii montagoesi; 4 — araliq nasos
stansiyasi; 5 — boru komori; 6 — son moantagada
maye qazlarin saxlanmasi iigiin gonlor; 7 — son
montagods nasos stansiyasi; 8 — paylayici mantago
Scheme — Technological scheme of the liquid gas
pipeline: 1 — tanks of the main pumping station;
2 — main pumping station; 3 — dimensions;
4 — intermediate pumping station; 5 — pipeline;
6 — tanks for storage of liquid gases at the final
destination; 7 — pumping station at the last point;
8 — payment point

Texnoloji sxemo uygun maye qaz
¢ondon (1) nasosla (2) gotiiriiliir, 6l¢ii manto-
gesindon (3) kegorok boru komarino (5) vuru-
lur. Zoruri hallarda, aparilan hesablamalara
uygun olaraq araliq nasos stansiyasi da tikilir
voa nasoslarla tochiz olunur.

Masalonin halli

Maye qazlarin noqlinin  saciyyavi
xiisusiyyati ondan ibarotdir ki, naql olunan
miihito olan tesir komor boyu tozyiq veo
temperaturun doyismosindon xeyli deracods
asil1 olur [9]. Odur ki, maye gazlart nagl edon
boru komorlorindo istor statik voziyyotdo,
istorso do komorin isi zamani temperatur vo
tozyiq amillorinin tesirinin birge nozors
alinmast vacibdir. Qeyd olunan amillorin
doyisilmosinin nozors alinmamasi komarlordo
hotta statik veziyystdo buxar fazasinin
(bosluglarin) yaranmasina sobab ola bilor.
Asagida bu halin arasdirilmasit masalasino
baxilmisdir.

Ogor boru komori hor hansi t1 tempera-
turunda, P1 tozyiqi altinda maye qazla tam
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doldurulmus vo statik (isdon dayandirilmis)
voziyyatdadirss, onda komordo olan mayenin
kiitlosini (M1) asagidaki kimi hesablamagq olar:

Mi1=p1-V1 @

Burada: p1 vo V1 — tozyiqin vo tempera-
turun P1 vo t1 qgiymeotlorindo uygun olaraq
mayenin sixlig1 vo boru kamorindaki hocmidir.

Boru komorinds tozyiq vo temperaturun
har hansi cari P va t qiymatlori {igiin (bir sortlo
ki, temperatur azalanda boru komori tam
dolmus galsin) (1) ifadesini asagidaki kimi
yazmaq olar:

M=p-V (2)

Mayenin sixligt vo boru kamarinin
hocmini miivafiq Py, t1 vo P, t parametrlarina

uygun olaraq asagidaki molum ifadalora
asasan tayin etmok olar [2, 3]:
Py — P11
pr=po 1460 - t) -]
pp—p1 ( ©
p=po[1+€(20—t)— e ] )
I\
Py— Py
Vi =V |1 20 (20 — t;) — 55—
d Il @
PO - P
V=V |1 - 20,20 - ) — 55
dy |/

Burada: Po — atmosfer tozyiqi, Pa; do va
& — uygun olaraq boru kamarinin ilkin daxili
diametri vo divarimin qalinligi, mm; & — hacmi
genislonmo omsali, 1/°C; K=1/p — elastiklik
modul (K = 1,5 -10° Pa); po — standart soraitdo

2

(T=20°C) mayenin sixligi, kq/m3; V, = anO-
L — boru komorinin hocmi (L — komarin
uzunlugu, m), m3 ar — borunun materialinin

(poladin) istidon hocmi genislonmo omsali

(=3,3"10° 1/° C); E — borunun materiali {igiin
Yunq modulu, polad ii¢iin E=2-10*! Pa.

(3) vo (4) ifadolorini (1) vo (2)
ifadolorindo nozors alsaq, kiitlonin sabitliyi
ganununa asasan (p1Vi=pl) asagidaki ifadoni
alariq:

_ E_Zat
P_P1+l+ﬂ(t_t1) (5)
K ' OE

Belsliklo, sonuncu ifadoys osasan statik
vaziyyatds tozyiqin temperaturdan asili olaraq
neco doyismosini miioyyonlosdirmok olar.

Bu giymatlondirma asagidaki misalin
timsalinda arasdirilmisdir. Tutaq ki, sixlig
550 kg/m® olan maye qazi nogl edon boru
komorinin (vo ya komor hissasinin) (do=514
mm, 6=8 mm, E=2-10'! Pa) kemordo P1=2,5
MPa tozyiqde temperatur =10 °C olmusdur.
Boru kemearinds temperatur 3 °C asag1 diisor-
s9, komordo tozyigin doyisilmasino baxil-
migdir.

Hesablama ii¢iin buxar elastikliyi tozyiqi
sorti olaraq Ppe=5-10° Pa va £=0,000831 1/°C
gobul edilmisdir.

Verilon ilkin malumatlar: (5) ifadesinda
nozars alsaq, tazyigin giymati iigiin alariq:

(83,1—2-3,3)10°5
1514
1,5-10° ' 8-2-1012

P=25-10°+

(7-10) =

~ 0,18-10°Pa ~ 0,18 MPa

Belaliklo, temperatur comi 3° C azalarsa,
onda tozyiq 0,18 MPa-dok asagi diisor. Ogor
temperatur  3°C-don ¢ox asag  diisorsa
(~3,2°C), onda baxilan halda tozyigin buxar
elastikliyi tozyigindon asagi diismosi hesabina
boru komarinds qaz buxarlar1 ilo dolan
bosluglar yaranmis olacaq.

Indi iso tutaq ki, mosolonin verilon
sortlori  daxilindo  temperatur  amilinin
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doyismoz qaldign hal iciin (t=10°C), sorti
uzunlugu L=120 km olan komordon neg¢o ton
mohsul bosaldilmalidir ki, tozyiq 2,5 MPa-dan
1,0 MPa-dak diissiin.

Boru komarinin hacmini, o ciimladan
tozyiq vo temperatura olan diizalislor nazors
alinmagqla hesablayaq:

t, = 10°C vo P = 2,5 MPa oldugda:
Py—P)-d
Vi = Vo [1—2a,(20 — )] —% =

=24887,3|1—2-3,3-1075(20 — 10)

(0,1 -2,5)10°-0,514] _
0,008-2-1011 N

= 24890,0 m3
t; = 10°C vo P = 1,0 MPa olduqda:

V, = 24887,3|1—2-3,3-1075(20 — 10)

(0,1 —1,0)10°- 0,514
0,008-2- 1011
= 24878,1 m3

Mayenin tozyiq vo temperatur amillarina

diizolis nozoro alinmaqla sixlhigini tapagq:
(t=10°C, P=2,5 MPa) olduqda;

P-P
PS8 = pao |1+ 520 - ) + ——|

=550 [1 + 0,000831

20— 10) + (2,5-0,1)-10°
( )t 15100
k
= 555,447 —
m

t=10 °C, P=1,0 MPa olduqda is;

p? = 5501 +0,000831 - (20 — 10)

(1,0-0,1)-10°] _
1,5+ 10° N

kq
= 554,90 —
m
Onda mohsulun sixliglarin  qiymati
nozars alinmagla kiitlalori asagidaki kimi olar:

M, = p v, = 555,447 - 24890,0 =
= 138250758 kq = 13825,1t
My = p@ -V, = 554,90 - 24878,1 =
= 13804857,8 kq = 13804,8¢
Beloliklo, izotermik soraitdo  boru
komorinds tozyigi 2,5 MPa-dan 1,0 MPa-dok
salmaq ti¢tin komordon

AM = M, — M, = 13825,1 — 13804,8 = 20,3 ¢
miqgdarinda maye yanacagi bosaldilmalidir.

Natica

Maye gaz nagl edon boru komorlorinds
temperatur amilinin statik soraitdo tozyiqin
doyismasina tasirinin  ohamiyyatli doaracads

¢ox olmasi amilinin tokco texnoloji Vo
tohliikosizlik baximdan deyil, hom do
karbohidrogenlorin  ugotu  vo itkilarinin

giymatlondirilmosi zamani nozoro alinmasi
vacib va zoruridir. Temperaturun azalmasi vo
komordon mohsulun gétiiriilmosi proseslori
tozyiqin diismasi ilo miisahido olundugu {igiin
komordo buxar fazalarinin yaranmamasi
moqgsadilo hor iki halda proseslora nozarat
olunmalt vo lazim golorso onlarin tonzim-
lonmasi tadbirlari hayata kegirilmalidir.

Maraqlar miinaqisasi

Miiolliflor bu mogalodo arasdirilmasi
tolob maraqlar ~ miinaqgigosinin
olmadigini geyd edirlar.

olunan



Azarbaycan Miihandislik Akademiyasinin Xabarlori Herald of the Azerbaijan Engineering Academy
2024, cild 16, Me 3, s. 46-51 2024, vol. 16, Ne 3, pp. 46-51
0.0. Ismayilov, X.T. Cahangirova G.G. Ismayilov, Kh.T. Jahangirova

REFERENCES

1. Aliyev R.A., Belousov B.D., Neludrov A.Q. i dr. Truboprovodniy transport nefti i gaza. Uchebnik
dlya vuzov. M.: Nedra, 1988. - 368 s. (in Russian)

2. Axmetov R.M., Livanov Yu.V. Dispetcerizachiya i ucyot na nefteprovodax. M.: Nedra, 1976,351 s.
(in Russian)
3. Vasiliyev Q.Q. i dr. Truboprovodniy transport nefti. M.: Nedra, 2002,361 s. (in Russian)

4. Spravocnik po fiziko-mexanicheskim osnovam kriogeniki. Pod redakciey Malkova M.P., M.: Energy,
1973. (in Russian)

5. llyinskiy A.A. Transport i xranenie promishlennix sjijennix gazov. M.: Ximiya, 1976. (in Russian)

6. Polozov A.E., Jmakin V.A. Preodelenie dvuxfaznosti techeniya transportiruemoqo sjijennogo
prirodnogo gaza po truboprovodu. Vestnik BQTU im. V.Q.Shuxova, 2005, Ne 12, s.58-61. (in Russian)

7. Zeynalov E.A., Iskenderov E.X., Ismayilov B.Q. Ob osenkax velichin malenkix utechek nefti pri
povrejdenii stoyakov podvodnix nefteqazoprovodov. Oborudovanie i texnologii dlya neftegqazovogo
kompleksa. VNIIOENQ, Moskva, 4.2016, s.54-57. (in Russian)

8. Zeynalov E.A. Osenka velichin avariynix utechek nefti pri samotechnom oporojnenii stoyakov
morskix truboprovodov. Ukraina: Nefteqazovaya Energetika, 1 (25) 2016, s. 58-60. (in Russian)

9. Ismayllov Q.Q., iskondorov E.X., Ismayillova F.B., Malikov M.A. Neftlorin garismasinin vo
sulagmasinin donma temperaturuna tosirinin todqiqi. // Azarbaycan Miihondislik Akademiyasinin
xaboarlori, 2019, cild 11(Ne2), s.52-56.

10.ismayillov Q.Q., Sahbazh M.E., ismayilov S.Z. Multifazali sualti boru kemeorlorinin istismar
somarsliliyinin artirilmasinin bazi masalalori // Azarbaycan Miihandislik Akademiyasinin xabarlori, cild
14, Ne2, 2022, s.72-80.



