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MAGISTRAL BORU KOMORLORI iILO KARBOHIDROGEN QAZLARININ
NOQLINDO YARANAN KRiSTAL HIDRATLARI iLO EFFEKTIV
MUBARIZO TODBIRLORININ iISLONMOSI

Moalumdur ki, gaz, gaz-kondensat vo edilon gaz miiayyan nomliys malik olur, ¢iinki
neft yataglarmin istismar quyular1 ilo hasil onun tarkibinds su buxarlar1 da istirak edirlor.
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Bu su buxarlari miioyyan soraitds tozyiq vo
temperaturda karbohidrogen qazi ilo Kimyavi
reaksiyaya girirlor vo miixtolif hidratlar
yaradirlar.

Qaz hidratlar1 holo 1810-cu ildo Q.Devi
torafindon kosf edilmisdir; onlarin xassalari-
nin darindan 6yranilmasi isa ¢ox vaxt kegdik-
don sonra baglanmigdir.

Termodinamik todgiqatlarla askar edil-
misdir ki, metan molekulu 7 va ya 6 su mole-
kulu ils birlogorok, metan hidratin1 CH47H20—
n1 yaxud CH46H20-nu omolo gotirir; uygun
olaraq: etan hidrat1 CoHs-8H2O; propan hidrati
—C3Hg-18H20; karbon gaz1 hidrat1 —CO;-7H,0
amolo golir. Digar karbohidrogenlo hidrat
amoalo gatirirlor. Hidratin amalo golmosi xiisu-
siyyati ondan ibaratdir ki, onun amals golmasi
temperaturu buz amalo galmasi temperaturun-
dan (0°C-den) xeyli yiiksokdir.

Metandan baslayaraq butanadok har bir
karbohidrogen miiayyan bir temperaturu had-
di vardir ki, bu hadds hidrat amals golo bilir.
Masalan,

CH,-0+22°C; C,H,—0+14,5°C;
C,H,—0+55°C; iz0o—C,H,,—0+2,5°C;
normal C,H,, —0+1°C.

Gostarilon haddlords hidratlar qaz halin-
da, az doymagla va tez pargalanan olurlar. Bu
hoddlordon yiiksok emperaturlarda, hatta
yiiksok tozyiglorda bels hidrat amolo galmir
[1, 2, 3].

Hidratlarin tozyiqdon asili olaraq arimo
temperaturunu toyin etmok {iglin Qamer-
Smidt torofindon asagidaki empirik distur
toklif edilmisdir:

t=10,633- P*** -17,78, °C. 1)

Lakin hidratlarin amalo golmasi tozyiq
Vo temperaturdan basqa, homda gazin fraksi-
ya torkibindon, namliyindan, qazin vaziyyati
(hal1) sartlarindan, yani onun harakat siiratin-
don, doyiintiisiindon, axmin turbulentliyin-
don, gazin tarkibinds CO2, N2, H2S va s. ol-
masindan ¢ox asilidir.

Qazin turbulentliyi hidratin amalo gal-
masina komak edir.
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Qaz — hidrat tarazlig1 sabitlori Karson va
Katsin eksperiment molumatlarina asasan qu-
rulmus grafiklordan (ayrilor ailasindan) toyin
edilir. Onlar bels ayrilar ailalarin Metan-hid-
rat, Etan-hidrat, Propan-hidrat vo izobutan-
hidrat tarazliq sabitlori liglin qurmuslar. Bu
grafiklords ordinat oxunda tarazliq sabitlori,
absis oxunda temperatur va tozyiqin miixtolif
giymatlorinds ayrilor qurulmusdur.

Qaz komarindoki gazin temperaturu
asagidaki disturla toyin edilir:

t -1,
Igu:_loAknDL,
t,—t G,

i qr

)

burada 7, —temperaturun ilk Sl¢iilma monts-

geasindon L m mosafads gaz amarinin tempe-
raturu, °C ila: !, —qazin ilk temperaturu °C;
k — gaz axinindan borunu shato edon grunta
istilikkecirma omsali, kkal/saat-m?s ilo; D —
gaz kemorinin xarici diametri, milo; V' —qa-
zin hacmi sarfi, m3/g1'in ilo; Y —qazin xiisusi
cokisi, kQ/m? ilo; C, —sabit tozyiqde gazin
istilik tutumudur, kkal/kQ ilo.

Qaz komorinds tozyiqin doyismasi asa-
gidaki tonliklo ifads olunur:

P =B -(R-F)x, (3)
burada B —baslangicda tozyiq, atm; P, —x
mosafasindaki tozyig, atm.

Qaz komorinds hidratin diismo tempera-
turuna asasan onun diismo mosafasi V.Q. Su-
xovun asagidaki diisturu ilo toyin edilir:

t—t
qr
+ knDx !

eVpr

I, =1,

(4)

burada e =7,22 Irgarifmin asasidir.
Diistur (4) asagidaki sokilda do yazilir:
t.—1
Ig i qr

I, =1,

knDx

=0,434 .
yC )

()

Qaz komarlarinds hidrat tixaclari ilo mii-
barizo tsullarmi asagidaki {i¢ qrupa bolmok
olar:
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1. Qaz komorinds tozyiqi asagi salmagla
kristal hidratlarinin yalniz pargalanmasi
usullari;

2. Qaz komoarini qizdirmagla vo kamaras rea-
gentlor yetirmoklo hidratlarin  parcalan-
masi vo onlarin amals galmasinin qarsisini
alan (xobardarliq edon) tisullar;

3. Hidrat tixaclarinin amala galmasini xobar-
darliq edon, yoni qaz1 koamara vermoakdan
gabag onun gisman qurudulmasi tisullar
[4].

— Qazin qurudulmasi tisullar1 asagidakilardir:

1) gazin genislonmasinds drossel effektindon
istifads edilmasi tisulu (vo ya algaq tempe-
raturadok soyudulmasi);

2) qazin sixilib soyudulmasi tisulu;

3) nam higroskopik mahlullar vasitssilo ab-
sorbsiya edilmasi tisulu;

4) nom bork sorbentlorlo adsorbsiya edilmasi
usulu;

5) qaz axinma hiqroskopik maye vurmaqla
gazin qurudulmasi iisulu.

Qazin durudulmasi asagidaki moagsadlori
dasiyir:

Qazin torkibinds su buxarlarinin (kon-
densatinin) olmasi asagidaki angolliklori ya-
radir:

1. Qaz kamarlarinds su buxarisi kondensat-
larinin amolo galmasi va ya ¢oxalmast;

2. Qaz komorlarinds buz tixaclarinin amala
galmasi;

3. Qaz komoarlarinds kristal hidratlarin amolo
galmasi;

4. Boru, aparat vo cihazlarin metal hissolori
korroziyaya ugrayir.
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9lakbarov Y.Z., Muradov R.M.
ADNSU

Magistral boru kamarlari ila
karbohidrogen gazlarimin naglinda
yaranan Kristal hidratlar ilo effektiv
miibarizs tadbirlorinin islonmasi

XULASO

Mogalods, magistral boru kamarlorila
karbohidrogen gazlarmin noglinds yaranan
kristal hidratlarla effektiv miibarizo todbirls-
rinin islonmasi haqqinda genis izahat veril-
misdir. Qeyd edilmisdir ki, hidratlar tobii
gazlarla onlarda olan su buxarilar1 arasinda
kimyavi reaksiya noticasinds yaranirlar.

Qaz hidratlarimetan, etan, propan, izobu-
tan vo normal-butan gazlariin bir molekulu
ilo su molekulunun miixtoalif saylart ilo birlos-
mosindon yaranirlar; karbon gazinin da hid-
rat1 yaranir. Pentan vo ondan yuxari karbo-
hidrogenlorin hidratlar1 amolo golmirlar. Me-
tandan baslayaraq butanadok har bir qazin elo
bir temperatur hoddi vardir ki, burada hidrat
omalo golir. Bunlardan yiiksok temperatur-
larda hidrat amolo galmir. Qamer — Smidt
diisturu ilo sidratlarin, tozyigdon asili olan
arima temperaturu tapilir. Qaz harakatinin
turbulentliyi hidratin omals galmoasine komok
edir. Qaz-hidrat tarazlig: sabitlari Karson va
Katsin eksperimentilo qurulmus ayrilor ailo-
sindon tapilirlar.

Magaloda, kemoarlords gazin temperatu-
runu tapmagq ticiin diistur verilmisdir. Qaz ko-
marinda tazyigin saralonmosi gqanunu ii¢iin do
diistur verilmisdir. Hidratin diismo tempera-
turuna asason onun diigmoays bagladigi mosa-
fasi V.Q.Suxovun diisturu ilo tayin edilir, bu-
nun t¢iin ikinci diisturda verilmisdir. Qaz ko-
morlorinds hidrat tixaclari ilo miibarizs tisul-
larmin ii¢ qruplart gostorilmisdir; ham dos ga-
zin qurudulmasinin bes miixtalif tisullar1 gos-
torilmisdir vo izah edilmisdir.

Acar sozlar: karbohidrogen qazlar, kar-
bohidrogen ehtiyati, hidratlar, kondensat,
tozyiq, temperatur.
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Aszepbatioscanckuii I'ocyoapcmeernHulii
Yuusepcumem Hegpmu u Ilpomviuinen-
HoCmu

Pa3patdorka meponpusituii 3¢ peKTUBHOM
00pbOBI ¢ 00pa3oBaHNEM KPHUCTAJLINYe-
CKHX THAPATOB NPHU TPAHCHOPTHPOBKE
YIJIEBOJOPOAHBIX I'A30B B MArUCTPAJIb-

HBIX TPYOONpoBOgaX

AHHOTANUA

B crarbe, mompoObHO U3MI0KEHO O pa3pa-
00TKe 2P (PEKTUBHBIX MEPONPUATHIA 110 OOPb-
0e ¢ oOpazoBaHHEM KPUCTALTUYECKUX THIpa-
TOB IIPU TPAHCHIOPTUPOBKE YIJIEBOIAOPOIHBIX
ra3oB B MarucTpajibHOM TpyOomnpoBoaax. Ot-
MEUYEHO YTO, FMpaThl MPUPOIHBIX ra30B 00-
pa3yroTCs B pe3yJbTaTe XUMUYECKON peakuu
MEXJy CaMUM ra3oM M BOISHBIMH I1apaMH,
HaXOJSIIMMHCS B COCTABE ITUX ra30B.

['a30BbIE TUApaThl METaHa, 3TaHa, MPO-
na”a u300yTaHa, HOpMaJbHOro OyTraHa oOpa-
3YIOTCS] COETUHEHUEM O/IHOTO MOJIEKYJIa KaxK-
JIOTO ra3a ¢ HECKOJIBKUMH PA3JINYHOIO YNCIIa
MOJIEKYJIaMH BOJISIHOTO Tapa.

OO0pazyercst TUApaT TaKXkKe YIJIEKUCIOro
ra3a. ['mapatsl yriieBoJlopo/IoB BbIIIE MEHTa-
Ha He oOpa3ytorcs. Haunnast ot metana 1o Oy-
TaHa KaXblil Ta3 UMEET TaKOW MPEJIE TEMIIE-
paTypbl, IpU KOTOpOM OOpa3zyercsi Tujapar,
BBILLIE ATUX TEMIIEpaTyp TUApaTsl HE 00pa3y-
fotcst. C gopmynoit I'amep-Cmuara onpene-
JsieTcsl TeMiepaTypa oOpa3oBaHUs THjpaTa B
3aBUCHMOCTH OT JiaBjieHus. TypOyneHTHOCTh
JIBIKEHHUSI Ta30B IOMOTaeT 0Opa3oBaHUIO
ruzaparoB. IlocTosiHHBIE paBHOBECHs rasza-
rujpaTta HaxoJsATCsl U3 CeMEcTBa KPHBBIX,
IIOCTPOEHHBIX JKcnepuMeHToM Kapcana u
Karca.

B cratee nana Qopmyna s onpenene-
HUS TeMIepaTypy B razonposoje. JlaHa Tak-
xe (opMylia 3aKOHa pacrpesiesieHus JaBJie-
HUS B razonpoojie. Ha ocHOBe TeMmieparypsl
najgeHus rujapara (opmynoit B.I'. Ilyxosa
OTIpeNieNIIeTCsl pacCTOSHUE Hayajia ero mnaje-
HUS, 711 9ero JaHa Takke BTopas ¢opmyIa.
[Tokazanbl Tpu TpyIIBl METOJIOB OOpBHOBI €
poOKaMHU TUIPaToB, @ TAKKE U3JI0XKEHBI ISITh
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Pa3IUYHBIX CIIOCOOOB OCYIIKH TPUPOIHBIX
YIIIEBOJOPOIHBIX MOKPBIX Ta30B.

Knrouesvie cnosa. yenesodopoorvie 2a-
3bl, 3anacel Yeneso00po00s, cUOpamol, KOH-
Oencam, 0aesieHue, memnepamypa.

Alakbarov Y.X., Muradov R.M.
Azerbaijan State Oil and Industry University

Development of measures for effective
combat with formation of crystalline
hydrates during transportation of
hydrocarbon gases in main pipelines

SUMMARY

In the article, it is detailed about the de-
velopment of effective measures to combat
the formation of crystalline hydrates during
the transportation of hydrocarbon gases in
main pipelines. It is noted that hydrates of na-
tural gases are formed as a result of a chemi-
cal reaction between the gas itself and the wa-
ter vapor contained in these gases.

Gas hydrates of methane, ethane, propa-
ne, isobutane, and normal butane are formed
by the combination of one molecule of each
gas with several molecules of different num-
bers of water vapor.

Hydrate is also formed from carbonic
gas. Hydrocarbon hydrates do not form hig-
her than pentane. Starting from methane to
butane, each gas has such a temperature limit
at which a hydrate is formed, above these
temperatures hydrates are not formed. With
the Hamer-Smidt formula, the temperature of
hydrate formation is determined depending
on the pressure. The turbulence of gas move-
ment helps the formation of hydrates. Perma-
nent gas-hydrate equilibria are found from
the family of curves constructed by the exper-
iments of Karsan and Kats.

A hydrate is also formed from carbon
dioxide. Hydrocarbon hydrates do not form
higher than pentane. Starting from methane
to butane, each gas has such a temperature
limit at which a hydrate is formed, above
these temperatures hydrates are not formed.
With the Hamer-Smidt formula, the tempe-
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rature of hydrate formation is determined
depending on the pressure. The turbulence of
gas movement helps the formation of hyd-
rates. Permanent gas-hydrate equilibria are
found from the family of curves constructed
by the experiments of Karsan and Kats.

The formula for determining the tempe-
rature in the gas pipeline is given in the artic-
le. This is also the formula of the law of pres-
sure distribution in the gas pipeline. On the
basis of the temperature of the drop of the
hydrate, the distance from the beginning of its

drop is determined by the formula of V. G. 24

Shukhov, for which the second formula is
also given. Three groups of methods of
combating hydrate blockages are shown, and
five different methods of drying natural
hydrocarbon wet gases are presented.

Key words: hydrocarbon gases, reserves
of hydrocarbons, hydrates, condensate,
pressure, temperature.
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