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Ââåäåíèå

Îêîëî 70% ïëàñòîâîé æèäêîñòè äîáûâàåòñÿ
ïîãðóæíûìè óñòàíîâêàìè ýëåêòðîöåíòðîáåæíûõ
íàñîñîâ (ÓÝÖÍ). Äëÿ ïîâûøåíèÿ êîýôôèöèåí-
òà èçâëå÷åíèÿ íåôòè (ÊÈÍ) óâåëè÷èâàþòñÿ äåï-
ðåññèè íà ïëàñò, ñíèæàåòñÿ çàáîéíîå äàâëåíèå,
èñïîëüçóþòñÿ òåõíîëîãè÷åñêèå îïåðàöèè ïî ãèä-
ðàâëè÷åñêîìó ðàçðûâó ïëàñòà.

Â ðåçóëüòàòå íà âõîäå â ÓÝÖÍ ïîâûøàåòñÿ
ñîäåðæàíèå ñâîáîäíîãî ãàçà è ìåõàíè÷åñêèõ ïðè-
ìåñåé. Â ñâÿçè ñ ýòèì íåîáõîäèìî ïîâûøàòü ýô-
ôåêòèâíîñòü îòäåëåíèÿ ñâîáîäíîãî ãàçà è íàäåæ-
íîñòü ðàáîòû ãàçîñåïàðàòîðîâ. Äëÿ ïðîâåðêè è
ðàçðàáîòêè íîâûõ êîíñòðóêòèâíûõ ðåøåíèé íóæ-
íû íîâûå áîëåå òî÷íûå ìåòîäèêè ñòåíäîâûõ èñ-
ïûòàíèé.

Ñõåìà ãàçîñåïàðàòîðà ïîêàçàíà íà ðèñ. 1.
Â ñòàòüå ïðåäñòàâëåí êðàòêèé àíàëèç ñóùå-

ñòâóþùèõ ñòåíäîâ è ìåòîäèê. Íåñìîòðÿ íà ðàç-
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Ïðîâåäåí àíàëèç ñóùåñòâóþùèõ ñòåíäîâ è ìåòîäèê èñïûòàíèÿ ãàçîñåïàðàòîðîâ óñòàíîâîê ïîãðóæíûõ ýëåê-
òðîöåíòðîáåæíûõ íàñîñîâ äëÿ äîáû÷è íåôòè. Ïðåäñòàâëåíû íîâàÿ ìåòîäèêà è ïíåâìîãèäðàâëè÷åñêàÿ ñõåìà ñòåí-
äà äëÿ èñïûòàíèé ãàçîñåïàðàòîðîâ (ÃÑ) ñ ïîäà÷åé ãàçîæèäêîñòíîé ñìåñè íåïîñðåäñòâåííî íà âõîä â ãàçîñåïà-
ðàòîð, ñ àâòîìàòè÷åñêèì ïîääåðæàíèåì ïåðåïàäà äàâëåíèÿ ìåæäó âõîäîì è îáëàñòüþ ãàçîîòâîäÿùèõ îòâåðñòèé.
Ïîêàçàíû ìåòîäîëîãè÷åñêèå ïðèíöèïû ñòåíäîâûõ èñïûòàíèé ÃÑ äëÿ îïðåäåëåíèÿ ýôôåêòèâíîñòè îòäåëåíèÿ
ñâîáîäíîãî ãàçà.

Êëþ÷åâûå ñëîâà: ãàçîñåïàðàòîðû, óñòàíîâêè ïîãðóæíûõ ýëåêòðîöåíòðîáåæíûõ íàñîñîâ äëÿ äîáû÷è íåôòè,
ìåòîäèêè èñïûòàíèé ãàçîñåïàðàòîðîâ, ïíåâìîãèäðàâëè÷åñêèå ñõåìû ñòåíäîâ äëÿ èñïûòàíèÿ ãàçîñåïàðàòîðîâ,
ãàçîæèäêîñòíàÿ ñìåñü, ýôôåêòèâíîñòü îòäåëåíèÿ ãàçà.

íîîáðàçèå èõ ìîæíî óñëîâíî îòíåñòè ê äâóì îñ-
íîâíûì ìåòîäèêàì. Â ïåðâîé ìåòîäèêå ãàçîæèä-
êîñòíàÿ ñìåñü (ÃÆÑ) ïîäàåòñÿ â òðóáó, èìèòè-
ðóþùóþ çàòðóáíîå ïðîñòðàíñòâî, âî âòîðîé —
íåïîñðåäñòâåííî íà âõîä â ãàçîñåïàðàòîð. Ïîêà-
çàíû ïëþñû è ìèíóñû êàæäîé ìåòîäèêè.

Íà îñíîâå àíàëèçà ðàçðàáîòàíà è ïðåäñòàâëå-
íà òðåòüÿ ïåðñïåêòèâíàÿ ìåòîäèêà, êîòîðàÿ, ïî
ìíåíèþ àâòîðîâ, ñîäåðæèò ïëþñû è íèâåëèðóåò
ìèíóñû ñóùåñòâóþùèõ ìåòîäèê.  Îíà ïîçâîëÿ-
åò äîñòàòî÷íî ïîëíî ìîäåëèðîâàòü èñïûòàíèÿ â
ñêâàæèíå è äåëàòü çàìåðû â ïðîòî÷íîé ÷àñòè ÃÑ.

Ïðåäñòàâëåíû ìåòîäîëîãè÷åñêèå îñîáåííîñòè
ïîâûøåíèÿ ýôôåêòèâíîñòè ñåïàðèðóþùèõ
ñâîéñòâ ãàçîñåïàðàòîðîâ çà ñ÷åò èñïîëüçîâàíèÿ
íîâûõ âîçìîæíîñòåé ïðîâåäåíèÿ ñòåíäîâûõ èñ-
ïûòàíèé. Ïðèâåäåíà ïíåâìîãèäðàâëè÷åñêàÿ ñõå-
ìà (ÏÃÑ) íîâîãî ñòåíäà.
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Äâå ìåòîäèêè ñòåíäîâûõ èññëåäîâàíèé
íà ýôôåêòèâíîñòü ñåïàðàöèè ãàçà

Ìîæíî âûäåëèòü äâå îñíîâíûå ñóùåñòâóþ-
ùèå ìåòîäèêè èñïûòàíèé ãàçîñåïàðàòîðîâ íà ýô-
ôåêòèâíîñòü îòäåëåíèÿ ñâîáîäíîãî ãàçà è, ñîîò-
âåòñòâåííî, äâå ÏÃÑ ñòåíäîâ äëÿ ðåàëèçàöèè ýòèõ
ìåòîäèê.

1. Ãàçîñåïàðàòîð óñòàíîâëåí â òðóáå, êîòîðàÿ
èìèòèðóåò ñêâàæèííóþ êîëîííó. Ïîòîê ãàçîæèä-
êîñòíîé ñìåñè ïîäàåòñÿ íà âõîä â êîëîííó (ñì.

ïðèíöèïèàëüíóþ ñõåìó ñòåíäà ÐÃÓ ÍÃ èì.
È.Ì. Ãóáêèíà, èçëîæåííóþ â [1—4]).

2. Ãàçîæèäêîñòíàÿ ñìåñü ïîñòóïàåò â ãàçîñå-
ïàðàòîð. Çàòðóáíîå ïðîñòðàíñòâî èìèòèðóåò êî-
æóõ, óñòàíîâëåííûé ñíàðóæè îòâåðñòèé äëÿ îò-
âîäà îòñåïàðèðîâàííîãî ãàçà [5, 6, 13—16].

Ïåðâàÿ ïíåâìîãèäðàâëè÷åñêàÿ ñõåìà èíòåã-
ðàëüíî èìèòèðóåò ðàáîòó ãàçîñåïàðàòîðà â ñêâà-
æèíå. ×àñòü ãàçà ïðîõîäèò ìèìî âõîäà â ãàçîñå-
ïàðàòîð. Ýôôåêòèâíîñòü ýòîé ïðåäâàðèòåëüíîé
ñåïàðàöèè çàâèñèò îò êîíñòðóêöèè îñíîâàíèÿ,
çàùèòíîé ðåøåòêè è âåëè÷èíû ñðåäíåãî äèàìåò-
ðà ïóçûðüêîâ ãàçà. ×åì êðóïíåå äèàìåòð, òåì
áîëüøå âåðîÿòíîñòü, ÷òî ïóçûðüêè íå ïîïàäóò â
ãàçîñåïàðàòîð. Â ñâÿçè ñ ýòèì àêòóàëüíû óñòðîé-
ñòâà ïî óêðóïíåíèþ ãàçîâîé ôàçû.

Åñëè ñåïàðàòîð óñòàíîâëåí âíóòðè òðóáû,
òðóäíî çàìåðèòü ïàðàìåòðû ïîòîêà âíóòðè ïðî-
òî÷íîé ÷àñòè, õîòÿ äëÿ ñîâåðøåíñòâîâàíèÿ ïðî-
òî÷íîé ÷àñòè èìåííî ýòà èíôîðìàöèÿ íåîáõîäè-
ìà: êàêîé ïðîöåíò ãàçà âîøåë â ÃÑ, à êàêîé ïðî-
öåíò ïðîøåë ìèìî çà ñ÷åò ïðåäâàðèòåëüíîé ñå-
ïàðàöèè. Ê ìèíóñàì ïåðâîé ìåòîäèêè ìîæíî
îòíåñòè òðóäíîñòè ñ ïîëó÷åíèåì èíôîðìàöèè,
íåîáõîäèìîé äëÿ ñîâåðøåíñòâîâàíèÿ ïðîòî÷íîé
÷àñòè âíóòðè ÃÑ.

Âî âòîðîé ìåòîäèêå ïëþñîì ÿâëÿåòñÿ òî, ÷òî
ãàçîæèäêîñòíàÿ ñìåñü ïîäàåòñÿ íåïîñðåäñòâåí-
íî íà âõîä èñïûòóåìîãî ãàçîñåïàðàòîðà. Ìû òî÷-
íî çíàåì, ñêîëüêî ñâîáîäíîãî ãàçà âîøëî â ÃÑ.
Èíôîðìàöèÿ ïî ýôôåêòèâíîñòè îòäåëåíèÿ ñâî-
áîäíîãî ãàçà âíóòðè ÃÑ, âîçìîæíîñòü çàìåðèòü
ïàðàìåòðû ïîòîêà âíóòðè ÃÑ ïîçâîëÿåò îöåíèòü
ðàáîòó ýëåìåíòîâ ïðîòî÷íîé ÷àñòè. Ìèíóñîì ÿâ-
ëÿåòñÿ ïðîáëåìà òî÷íîãî ïîääåðæàíèÿ ïåðåïàäà
äàâëåíèÿ ìåæäó îáëàñòÿìè âõîäà ÃÆÑ â ãàçîñå-
ïàðàòîð è âûõîäà èç íåãî îòñåïàðèðîâàííîãî
ãàçà, êîòîðûé äîëæåí ñîîòâåòñòâîâàòü ïåðåïàäó
â çàòðóáíîì ïðîñòðàíñòâå ñêâàæèíû.

Òðåòüÿ ìåòîäèêà
äëÿ ñðàâíèòåëüíûõ èñïûòàíèé ÃÑ

Íà ðèñ. 2 ïðåäñòàâëåíà ïíåâìîãèäðàâëè÷åñ-
êàÿ ñõåìà íîâîãî ñïîñîáà èñïûòàíèé ñ àâòîìà-
òè÷åñêèì ïîääåðæàíèåì òðåáóåìîãî ïåðåïàäà
äàâëåíèé ìåæäó âõîäîì ÃÆÑ èç çàòðóáíîãî ïðî-
ñòðàíñòâà ÷åðåç âõîäíûå îòâåðñòèÿ â îñíîâàíèè
ãàçîñåïàðàòîðà 4 è îáëàñòüþ îòâåðñòèé 11 äëÿ
îòâîäà îòñåïàðèðîâàííîãî ãàçà â çàòðóáíîå ïðî-
ñòðàíñòâî (ñì. ðèñ. 1).

Îñíîâàíèå è êîæóõ 9, óñòàíîâëåííûé âîêðóã
îòâåðñòèé äëÿ îòâîäà ãàçà, ãèäðàâëè÷åñêè ñîåäè-

Ðèñ. 1. Ñõåìà ãàçîñåïàðàòîðà: 1 – êîðïóñ; 2 – âàë; 3 –
çàùèòíàÿ ãèëüçà; 4 – îñíîâàíèå ñ âõîäíûìè îòâåðñòè-
ÿìè; 5 – øíåê; 6 – âòîðîé øíåê; 7 — ãîëîâêà; 8 — îò-
âåðñòèÿ äëÿ îòâîäà îòñåïàðèðîâàííîãî ãàçà; 9 — êàíàëû
äëÿ îòâîäà äåãàçèðîâàííîé æèäêîñòè; 10 — âûõîä èç
ãîëîâêè; 11 — ðàçäåëèòåëü
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íåíû ìåæäó ñîáîé è ñåïàðàöèîííûì áàêîì 10
òðóáîïðîâîäîì, áàéïàñíîé ëèíèåé 8 (ñì. ðèñ. 2).

Áëàãîäàðÿ áàéïàñíîé ëèíèè 8 òðåáóåìàÿ ðàç-
íèöà äàâëåíèé ïîääåðæèâàåòñÿ àâòîìàòè÷åñêè. Â
âåðõíåé ÷àñòè äîïîëíèòåëüíîãî áàêà 11, â ëèíèè
îòâîäà îòñåïàðèðîâàííîãî ãàçà óñòàíîâëåí ðåãó-
ëèðóåìûé êðàí (äðîññåëü) ÊÐ3, îòêðûòèå è çàê-
ðûòèå êîòîðîãî àâòîìàòè÷åñêè ñâÿçàíî ñ óðîâíåì
æèäêîñòè â ïèòàòåëüíîì ðåçåðâóàðå 5, ïðè ýòîì
îòñåïàðèðîâàííàÿ â äîïîëíèòåëüíîì áàêå æèä-
êîñòü ïîäàåòñÿ ñíîâà â êîæóõ 9.

Íà ñõåìå ðèñ. 2 ìîæíî âûäåëèòü èñïûòóåìûé
ãàçîñåïàðàòîð 1, ïîäà÷à êîòîðîãî óñòàíàâëèâàåòñÿ
ðåãóëèðóþùèì êëàïàíîì ÊÐ. Æèäêîñòü (âîäà)
ïîäâîäèòñÿ ïî òðóáîïðîâîäó 6, ãàç (âîçäóõ) — ïî
òðóáîïðîâîäó 7. Â äèñïåðãàòîðå 3 îáðàçóåòñÿ
ìåëêîäèñïåðñíàÿ ÃÆÑ.

Âûõîä èç äèñïåðãàòîðà 3 ñîåäèíåí ñ âõîäîì
â îñíîâàíèå 4 ãàçîñåïàðàòîðà 1. Ñíàðóæè âûêèä-
íûõ îòâåðñòèé 10 óñòàíîâëåí êîæóõ 9 óçëà îòâî-
äà ãàçà.

Ðèñ. 2. Ïðèíöèïèàëüíàÿ ñõåìà ñòåíäà ÀÎ «Ðèìåðà» äëÿ èñïûòàíèé ñ ïîäâîäîì ÃÆÑ íà âõîä â ãàçîñåïàðàòîð è
ñåêöèåé, óñòàíîâëåííîé íà âûõîäå èç ÃÑ
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Â ëèíèè 7 óñòàíîâëåí ðåãóëèðóþùèé êëàïàí
ÊÐ1, â ëèíèè 6 – êëàïàí ïîääåðæàíèÿ çàäàííî-
ãî äàâëåíèÿ ïîñëå ñåáÿ ÊÐÄ.

Áàê 5 ÿâëÿåòñÿ ïèòàþùèì ðåçåðâóàðîì. Æèä-
êîñòü (âîäà) ïîñòóïàåò èç ýòîãî áàêà â òðóáîïðî-
âîäû ñòåíäà è, ïðîéäÿ ÷åðåç ãàçîñåïàðàòîð 1,
âîçâðàùàåòñÿ îáðàòíî. Òàêèì îáðàçîì, ïðîèñõî-
äèò öèðêóëÿöèÿ æèäêîñòè.

Ðàñõîäîìåð ÐÌ1 îñóùåñòâëÿåò èçìåðåíèå
ðàñõîäà æèäêîñòè, ðàñõîäîìåð ÐÌ2 – ãàçà, ïî-
ñòóïàþùèõ â ãàçîñåïàðàòîð 1. Âûøåäøàÿ èç îò-
âåðñòèé äëÿ îòâîäà îòñåïàðèðîâàííîãî ãàçà 11
ãàçîæèäêîñòíàÿ ñìåñü ïîñòóïàåò â áàê 10. Èç áàêà
10 îòñåïàðèðîâàííûé ãàç ïîñòóïàåò â àòìîñôå-
ðó. Ðàñõîä ãàçà èçìåðÿåòñÿ ðàñõîäîìåðîì ÐÌ3,
îòñåïàðèðîâàííàÿ æèäêîñòü âíîâü ïîñòóïàåò â
êîæóõ 9.

Íàñîñ 2 óñòàíîâëåí äî ëèíèè ïîäâîäà ãàçà 7,
ðàáîòàåò íà æèäêîñòè áåç ãàçà.

Äâèãàòåëü 12 ïðèâîäèò âî âðàùåíèå óñòàíîâêó
ñ ãàçîñåïàðàòîðîì 1.

Äàâëåíèå íà âûõîäå èç íàñîñà 2, íà âõîäå â
äèñïåðãàòîð 3 èçìåðÿåòñÿ ìàíîìåòðîì ÌÍ1, íà
âõîäå â ãàçîñåïàðàòîð 1 – ÌÍ2, íà âûõîäå èç
ãàçîñåïàðàòîðà 1 – ÌÍ3, â ëèíèè äëÿ îòâîäà ãàçà
â àòìîñôåðó – ÌÍ4.

Â ðàáîòàõ [13, 22, 23] ïîêàçàíî, êàê äîëæåí
ïðîâîäèòüñÿ ðàñ÷åò ïåðåïàäà äàâëåíèé ìåæäó
âõîäîâ â ÃÑ è îáëàñòüþ îòâåðñòèé äëÿ îòâîäà
îòñåïàðèðîâàííîãî ãàçà.

Îáúåìíîå ñîäåðæàíèå ãàçà â ñìåñè

ã

ã æ

.
Q

Q Q
β =

+

Ðàñ÷åò òðåáóåìîãî ïåðåïàäà äàâëåíèé îñóùå-
ñòâëÿåòñÿ ïî ôîðìóëå:

2 1 ñì ñ cos ,P P ghρ α= -               (1)

ãäå P1 – äàâëåíèå íà âõîäå â ãàçîñåïàðàòîð, èç-
ìåðåííîå ìàíîìåòðîì ÌÍ1; P2 – äàâëåíèå â çîíå
îòâåðñòèé äëÿ âûõîäà ãàçà.

Ïëîòíîñòü ñìåñè
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ãäå ϕ  – ìãíîâåííîå çíà÷åíèå äîëè ñå÷åíèÿ ïî-

òîêà, çàíÿòîãî ãàçîâîé ôàçîé [11, 12], ãS
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S – ïëîùàäü ñå÷åíèÿ êàíàëà; Sã – ïëîùàäü, çà-
íÿòàÿ ãàçîâîé ôàçîé.

Ðàçíèöà â ñêîðîñòÿõ äâèæåíèÿ æèäêîé è ãà-
çîîáðàçíîé ôàçû ó÷èòûâàåòñÿ óâåëè÷èâàþùèì

êîýôôèöèåíòîì k, çíà÷åíèå êîòîðîãî çàâèñèò îò
äèàìåòðà ïóçûðüêîâ ãàçà, ãðàäèåíòà äàâëåíèÿ è
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ãäå ñì ã æ, ,ρ ρ ρ  – ïëîòíîñòè ñìåñè, ãàçà è æèäêî-

ñòè, ïðèâåäåííûå ê äàâëåíèþ íà âõîäå â ãàçîñå-
ïàðàòîð; Qã, Qæ – ïîäà÷è ãàçà è æèäêîñòè, ïîä-
âîäèìûå íà âõîä â ãàçîñåïàðàòîð, èçìåðåííûå
ðàñõîäîìåðàìè ÐÌ1 è ÐÌ2, ðàñõîä ãàçà ñëåäóåò
òàêæå ïðèâåñòè ê äàâëåíèþ íà âõîäå â ãàçîñåïà-
ðàòîð; hñ – ðàññòîÿíèå ìåæäó âõîäîì â ãàçîñåïà-
ðàòîð è îòâåðñòèÿìè äëÿ âûõîäà ãàçà; cos α  – êî-
ñèíóñ óãëà ìåæäó îñüþ ãàçîñåïàðàòîðà, ðàáîòà-
þùåãî â íàêëîííîé ñêâàæèíå, ðàáîòó êîòîðîãî
ìû ìîäåëèðóåì íà ñòåíäå, è âåðòèêàëüíîé îñüþ;
hñcos α  – ðàçíèöà ýíåðãèé ïîëîæåíèÿ ìåæäó îò-
âåðñòèÿìè äëÿ âõîäà ÃÆÑ è âûõîäà îòñåïàðèðî-
âàííîãî ãàçà.

Óâåëè÷èâàþùèé êîýôôèöèåíò k ìîæíî îï-
ðåäåëèòü ýêñïåðèìåíòàëüíî, çàìåðèâ äàâëåíèÿ â
âîñõîäÿùåì ïîòîêå ÃÆÑ ìåæäó òðóáàìè, èìèòè-
ðóþùèìè ïðîñòðàíñòâî ìåæäó ÃÑ è îáñàäíîé
êîëîííîé ñêâàæèíû.

Ïðè ðàñ÷åòå ìîæåì ïîëó÷èòü ëèøü ïðèáëè-
æåííîå çíà÷åíèå.

Ïðè îáúåìíîì ñîäåðæàíèè ãàçà, ðàâíîì 50%,
åãî çíà÷åíèå ìîæåò íàõîäèòüñÿ â ïðåäåëàõ îò 1
äî 2. Ñ öåëüþ óñòðîæåíèÿ ðåçóëüòàòîâ ýêñïåðè-
ìåíòà åãî ñëåäóåò ïðèíèìàòü ðàâíûì 1.

Ïî âòîðîé ìåòîäèêå òðåáóåìûé ïåðåïàä äàâ-
ëåíèÿ, ñîîòâåòñòâóþùèé ðàçíèöå äàâëåíèé â äâè-
æóùåìñÿ ïîòîêå ÃÆÑ â çàòðóáíîì ïðîñòðàíñòâå
ìåæäó âõîäîì â ÃÑ è âûõîäîì èç îòâåðñòèé äëÿ
îòâîäà ãàçà, çàäàåòñÿ ðåãóëèðóþùèì êðàíîì [22,
23]; ïî òðåòüåé ìåòîäèêå – àâòîìàòè÷åñêè çà ñ÷åò
áàéïàñíîé ëèíèè 8. Òàêæå àâòîìàòè÷åñêè òðåáó-
åìûé ïåðåïàä äàâëåíèÿ ìû ïîëó÷àåì è ïî ïåð-
âîé ìåòîäèêå, íî â ýòîì ñëó÷àå ÃÑ äîëæåí íà-
õîäèòüñÿ ïîëíîñòüþ â òðóáå, èìèòèðóþùåé çàò-
ðóáíîå ïðîñòðàíñòâî, ïðè ýòîì íåò âîçìîæíîñ-
òè òî÷íî îïðåäåëèòü êîëè÷åñòâî ñâîáîäíîãî ãàçà,
ïîñòóïàþùåãî íà âõîä â ÃÑ, ñëîæíî ïðîâîäèòü
çàìåðû ïàðàìåòðîâ ïîòîêà âíóòðè ÃÑ.

Òàêèì îáðàçîì, òðåòüÿ ìåòîäèêà ñî÷åòàåò â
ñåáå ïëþñû è íèâåëèðóåò ìèíóñû äâóõ òðàäèöè-
îííûõ ìåòîäèê, ïîçâîëÿåò äîñòàòî÷íî ïîëíî ìî-
äåëèðîâàòü èñïûòàíèÿ â ñêâàæèíå è äåëàòü çàìå-
ðû â ïðîòî÷íîé ÷àñòè ÃÑ.

Ïðè ïðîâåäåíèè ñðàâíèòåëüíûõ èñïûòàíèé
ÃÑ ñëåäóåò îáåñïå÷èòü îäèíàêîâûå äàâëåíèÿ íà
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âõîäå â ÃÑ. Äëÿ ýòîãî èñïîëüçóåòñÿ êëàïàí ïîä-
äåðæàíèÿ äàâëåíèÿ ïîñëå ñåáÿ ÊÐÄ. Ýòî âàæíî,
òàê êàê ðàáîòà ëîïàñòíûõ ãèäðîìàøèí íà ÃÆÑ
ñèëüíî çàâèñèò îò äàâëåíèÿ íà âõîäå, îñîáåííî
ïðè äàâëåíèÿõ äî 6 àòì [7, 17, 21]. Ïîäà÷à äîë-
æíà çàäàâàòüñÿ ðåãóëèðóþùèì êðàíîì íà âûõî-
äå ÃÑ, åñëè èñïîëüçîâàòü êðàí íà âõîäå, ñóùå-
ñòâåííî èçìåíèòñÿ ñòðóêòóðà òå÷åíèÿ ïîòîêà
ÃÆÑ ÷åðåç ÃÑ [8—10, 18—20].

Ïîðÿäîê ïðîâåäåíèÿ èñïûòàíèé

1. Ïðèâîäèòñÿ âî âðàùåíèå íàñîñ 2, ãàçîñå-
ïàðàòîð 1, äèñïåðãàòîð 3.

2. Îòêðûòèåì ðåãóëèðóþùåãî êëàïàíà ÊÐ2
óñòàíàâëèâàåòñÿ ïîäà÷à æèäêîñòè â ãàçîñåïàðà-
òîðå, ñîîòâåòñòâóþùàÿ ïðèìåðíî 1/N ìàêñèìàëü-
íîãî çàïëàíèðîâàííîãî ðàñõîäà, ãäå N – êîëè÷å-
ñòâî ñíèìàåìûõ ýêñïåðèìåíòàëüíî òî÷åê. Èçìå-
ðÿþòñÿ äàâëåíèå è ïîäà÷à æèäêîñòè.

3. Ðåãóëèðóþùèì êëàïàíîì ÊÐ1 óñòàíàâëè-
âàåòñÿ ïîäà÷à ãàçà.

4. Äëÿ ïîääåðæàíèÿ ïîñòîÿííîãî ðàñõîäà
æèäêîñòè è ñîîòâåòñòâåííî ïîñòîÿííîãî äàâëå-
íèÿ íà âûõîäå èç ÃÑ ñëåäóåò ïðè íåîáõîäèìîñ-
òè ïðèîòêðûâàòü êëàïàí ÊÐ2.

5. Ïîñëå äîñòèæåíèÿ óñòàíîâèâøåãîñÿ ðåæè-
ìà ðàáîòû ðàñõîäîìåðàìè ÐÌ1, ÐÌ2 çàìåðÿåò-
ñÿ ïîäà÷à íà âõîäå â óñòàíîâêó æèäêîñòè è ãàçà.

6. Ïîñòåïåííî óâåëè÷èâàåòñÿ ïîäà÷à âîçäóõà
ðåãóëèðóþùèì êëàïàíîì ÊÐ1 äî äîñòèæåíèÿ
ìàêñèìàëüíîãî çíà÷åíèÿ. Ïðè ýòîì êàæäûé ðàç
ïðîèñõîäèò çàìåð âåëè÷èí, íåîáõîäèìûõ äëÿ
âû÷èñëåíèÿ ýôôåêòèâíîñòè ñåïàðàöèè.

7. Ïîñëå äîñòèæåíèÿ ìàêñèìàëüíîãî çíà÷å-
íèÿ ïî ðàñõîäó ãàçà ðåãóëèðîâêîé êëàïàíà ÊÐ4
óñòàíàâëèâàåòñÿ íîâàÿ ïîäà÷à æèäêîñòè è ïðî-
öåäóðà èçìåðåíèé ïîâòîðÿåòñÿ ñ ðàçíûìè çíà÷å-
íèÿìè ðàñõîäà âîçäóõà.

Ïóòè ïîèñêà ýôôåêòèâíîé êîíñòðóêöèè
âèõðåâûõ ãàçîñåïàðàòîðîâ ñ èñïîëüçîâàíèåì
îñîáåííîñòåé ìåòîäèêè èñïûòàíèé

Ñõåìà èñïûòàíèé ïî íîâîé ìåòîäèêå, à òàê-
æå ïî ìåòîäèêå, ïîêàçàííîé â [22, 23], ïîçâîëÿ-
åò óñòàíîâèòü ìàíîìåòðû íà êîðïóñå ãàçîñåïàðà-
òîðà, íàïðèìåð íà âõîäå â ñåïàðàöèîííóþ êàìå-
ðó, â ñåðåäèíå, îêîëî îòâåðñòèé äëÿ âûõîäà ãàçà
è îïðåäåëèòü äàâëåíèå íà ïåðèôåðèè ñåïàðàöè-
îííîé êàìåðû. Äàâëåíèå íà âûõîäå èç îòâåðñòèé
äëÿ îòâîäà îòñåïàðèðîâàííîãî ãàçà (ïîç. 8, ðèñ. 1)
ðàâíî äàâëåíèþ â öåíòðå ñåïàðàöèîííîé êàìå-
ðû. Ïåðåïàä äàâëåíèÿ ìåæäó ýòèìè òî÷êàìè
îïðåäåëÿåò ãðàäèåíò äàâëåíèÿ, êîòîðûé ÿâëÿåò-

ñÿ îäíèì èç îñíîâíûõ ïàðàìåòðîâ, îòâå÷àþùèõ
çà ýôôåêòèâíîñòü ñåïàðàöèè ãàçà.

Òàêæå èìååòñÿ âîçìîæíîñòü îïðåäåëÿòü â
ýòèõ òî÷êàõ äèñïåðñíîñòü ÃÆÑ. Ýòîò ïàðàìåòð
òîæå ñèëüíî âëèÿåò íà ýôôåêòèâíîñòü ñåïàðàöèè.
Â êîíñòðóêöèè ãàçîñåïàðàòîðà ñëåäóåò óáèðàòü
ýëåìåíòû, äèñïåðãèðóþùèå ïîòîê, è äîáàâëÿòü
ýëåìåíòû, êîòîðûå ñïîñîáñòâóþò óêðóïíåíèþ
ãàçîâûõ ïóçûðåé.

Ïðè îäèíàêîâîé äëèíå ñåïàðàöèîííîé êàìå-
ðû ýôôåêòèâíîñòü ñåïàðàöèè áóäåò âûøå ó êîí-
ñòðóêöèè âèõðåâîãî ñåïàðàòîðà, â êîòîðîé íà
âûõîäå èç ñåïàðàöèîííîé êàìåðû, íà âíóòðåííåì
äèàìåòðå êîðïóñà, áóäåò âûøå äàâëåíèå è áîëü-
øå ñðåäíèé äèàìåòð ïóçûðüêîâ ãàçà.

Çíàÿ äàâëåíèÿ è ýôôåêòèâíîñòü ñåïàðàöèè ó
êîíñòðóêöèé, ìîæíî îöåíèòü ïî ýòèì äàííûì
äèñïåðñíîñòü ÃÆÑ â ïðîòî÷íîé ÷àñòè ñåïàðàöè-
îííîé êàìåðû.

Âàæíî îòìåòèòü, ÷òî îäíèì èç îñíîâíûõ ôàê-
òîðîâ, âëèÿþùèõ íà ýôôåêòèâíîñòü ñåïàðàöèè
ÿâëÿåòñÿ äàâëåíèå íà ïåðèôåðèè âûõîäíîãî ó÷à-
ñòêà ñåïàðàöèîííîé êàìåðû. Ñëåäóåò óñòàíîâèòü
ìàíîìåòð, èçìåðÿòü äàâëåíèå â ýòîé îáëàñòè,
ïðîâîäèòü îïòèìèçàöèþ ïðîòî÷íîé ÷àñòè ñ öå-
ëüþ ïîâûøåíèÿ ýòîãî äàâëåíèÿ.

Âûâîäû

1. Ñóùåñòâóþùèå ìåòîäèêè èñïûòàíèÿ ãàçî-
ñåïàðàòîðîâ íà ýôôåêòèâíîñòü ñåïàðàöèè ãàçà
ìîæíî óñëîâíî ñâåñòè ê äâóì îñíîâíûì: â ïåð-
âîé ìåòîäèêå ÃÆÑ ïîäàåòñÿ â òðóáó, èìèòèðóþ-
ùóþ çàòðóáíîå ïðîñòðàíñòâî, âî âòîðîé — íåïîñ-
ðåäñòâåííî íà âõîä â ãàçîñåïàðàòîð. Íà îñíîâå
àíàëèçà ðàçðàáîòàíà è ïðåäñòàâëåíà òðåòüÿ ïåð-
ñïåêòèâíàÿ ìåòîäèêà è ïíåâìîãèäðàâëè÷åñêàÿ
ñõåìà íîâîãî ñòåíäà. Íîâàÿ ìåòîäèêà, ïî ìíåíèþ
àâòîðîâ, ñî÷åòàåò â ñåáå ïëþñû è íèâåëèðóåò ìè-
íóñû ñóùåñòâóþùèõ ìåòîäèê, ïîçâîëÿåò äîñòà-
òî÷íî ïîëíî ìîäåëèðîâàòü èñïûòàíèÿ â ñêâàæèíå
è äåëàòü çàìåðû â ïðîòî÷íîé ÷àñòè ÃÑ.

2. Ïðè îïòèìèçàöèè è ïîèñêå íîâûõ êîíñò-
ðóêòèâíûõ ðåøåíèé ýëåìåíòîâ ïðîòî÷íîé ÷àñòè
äëÿ ïîâûøåíèÿ ýôôåêòèâíîñòè ñåïàðèðóþùèõ
ñâîéñòâ íîâàÿ ìåòîäèêà ïîçâîëÿåò óñòàíîâèòü
ìàíîìåòðû è ñïåöèàëüíûå îòâîäû äëÿ îòáîðà
îáðàçöîâ ÃÆÑ íà êîðïóñå ãàçîñåïàðàòîðà, îïðå-
äåëèòü ãðàäèåíòû äàâëåíèÿ ïî äëèíå ñåïàðàöè-
îííîé êàìåðû è ñòåïåíü äèñïåðñíîñòè ñìåñè.
Ýôôåêòèâíîñòü ñåïàðàöèè âûøå ó êîíñòðóêöèé,
â êîòîðûõ âûøå ãðàäèåíò äàâëåíèÿ è áîëüøå
ñðåäíèé äèàìåòð ïóçûðüêîâ ãàçà.
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Abstract

About 70% of the stratum fluid is being extracted
by submersible installations of electric centrifugal
pumps (ESP). To increase the oil recovery coefficient
(ORC), the depression on the stratum increases, the
bottom-hole pressure decreases, and technological
operations for stratum hydraulic fracturing are being
employed.

In this regard, the content of free gas and
mechanical impurities increases at the ECP
installation inlet. It is necessary to improve the free
gas separation efficiency and of gas separators
reliability. New, more accurate techniques of bench
tests are necessary for the new design solutions testing
and developing.

Conventional techniques for gas separators testing
on the gas separation efficiency may be conditionally
attributed to the two basic techniques. According to
the first technique, the gas-liquid mixture (GLM) is
being fed into a pipe that simulates the annular space,
while according to the second one it is being fed
directly to the gas separator inlet.

The first pneumo-hydraulic scheme simulates
integrally the gas separator (GS) operation in a well.
Some part of the gas misses the gas separator inlet.
The efficiency of this pre-separation depends on the
design of the base, protective grid and the size of the
gas bubbles’ average diameter. The larger the
diameter, the more likely the bubbles will not get into
the gas separator. In this regard, the devices for the
gas phase enlargement are relevant.

If the separator is installed inside the pipe, it is
difficult to measure the flow parameters inside the
flow part, although, namely, this information on what
percentage of gas entered the GS, and what
percentage missed it due to the pre-separation is
necessary to improve the flow part. Difficulties in
obtaining the information necessary to improve the
flow part inside the GS may be assigned to the
disadvantages of the first technique.

The advantage of the second technique consists
in the fact that the gas-liquid mixture is being fed
directly to the tested gas separator inlet. The quantity
herewith of the free gas entering the GS is precisely
known. Information on the efficiency of the free gas
separation inside the GS, and the capability of
measuring the flow parameters inside the GS, allow
evaluating the operation of the flow part elements.
The disadvantage of this technique consists in the
problem of accurate differential pressure maintaining
between the areas of the GLM at the gas separator
inlet and the separated gas at the outlet, which should
correspond to the difference in annular space.

Based on the analysis, the third promising
technique and the pneumo-hydraulic scheme of the
new test bench were developed and presented. By the
authors opinion, the technique combines pros and
aligns cons of the conventional techniques. It allows
fully simulate tests in the well, and perform
measurements in the flow part of the separator.

When optimizing and searching for new design
solutions for the flow part elements to increase the
separating properties efficiency, the new technique
allows installing pressure gauges and special taps for
sampling on the gas separator housing, determining
the pressure gradients along the length of the
separation chamber and the degree of mixture
dispersion. The separation efficiency is higher for
structures with the higher pressure gradient and larger
average diameter of gas bubbles.

Keywords: gas separators, installations of
submersible electric centrifugal pumps for oil
extraction, gas separators testing techniques,
pneumo-hydraulic schemes of test benches for gas
separators testing, gas-liquid mixture, gas separation
efficiency.
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