Study of the New Gas-Liquid

Cylindrical Cyclone Separators

Abstract

Separation of oil and gas is the crucial technics of oil & pas gathering
& transferring. Current the vessel-type separator is the primary equipment
that separate and measure the gas and oil. The vessel-type separator is
large, heavy, and expensive to purchase. Recently, the Gas Liquid
Cylindrical Cyclone separator is one compact and efficient alternative of
the vessel-type separator

Based on the relate experiments and theory analyses published, the
mechanistic models which describe the Gas Liquid Cylindrical Cyclone
separators are set up. These models comprise the inlet nozzle model, the
bubble trajectory model, the droplet trajectory model and the equilibrium
Liguid level model.

The design of the (Gas Liquid Cylindrical Cyclone separators for
experiment and measure without control system is based on the
mechanistic models. The horizontal and declining inlet pipe has been
designed. The same time, in order to resolve the difficult question of
accurate measure, the bubble and droplet caught and gathered equipments
have been designed at the gas and liquid leg, which are used to measure
gas carry-under in the liguid stream and liquid carry-over in the gas
stream of the separator. The measure effect is betier by experiment.

The Gas Liquid Cylindrical Cyclone separator of design was
experimentally investigated by inserting it into the Multiphase Test Loop
of the University of Petroleum (East China). The results indicated that the
separating of gas and water was very successful. The max value of gas
carry-under in the liquid stream didn’t exceed 0.0013 m*/m? (liquid), far
lower the criteria of 0,02 m’/m? (liquid); the max value of liquid
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carry-over didn’t exceed 0.01 cm’/m’ (gas), far lower the criteria of 0.05
em’/m’ (gas). The separating of gas and oil was not ideal yet meet criteria
at the experimental region. The max value of gas carry-under in the liquid
stream didn’t exceed 0.0014 m*/m’ (liquid) and the max value of liquid
carry-over didn’t exceed 0.03 cm’/m’ (gas).

The strongly swirling turbulent flow in the gas liquid cylindrical
cyclone separator was simulated with the help of CFD software. The
velocity distribution, volume fraction of per phase and separating effect
of different phase in the separator was obtained. The primary computing
results indicated that the simulating results consistently agreed with the
experimental data.

Based on the theory analyses, experimental investigation and CFD
simulation, a completed set of technical design method used in the
engineering of the Gas Liquid Cylindrical Cyclone separator has been
firstly summarized.

Key words: cylindrical, cyclone, gas liquid separator, experiment,
CFD simulation
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%%iiﬁ%M%T@ﬂ , B5.. BEMER, 30°C, XKD
0.3Mpa, JHEIFEE N 0.04423Pas, FE 861.6Kg/m’. IRE~FR, it
ﬁfﬁﬂ?

i Taitel & Dukler FosE Ry, G J& U ¥ 38 O 18] BRI ERFR R

=1+

m%m@w%.
| 1 &, /dh,
F? = >1 (3-1)
;4
R, ho=h/d (3-2)
Cz= ""'"”fzi" (3-3)
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fMAY (B5) B EREAEH SRRy R

@, )
F o= R £ (3-4)
,fdgt{}sé \/(pg - ;?g)

d4, =
——r 1—2h -'1 (3-5)
==l

&, m%.. | (3-6)

1
A= Ald* (3-7)

4, = a.zs{ces**(zz; 1)~k -1)1-(2F, - 1)’] (3-8

B—FE IR/, w107, AR (F-1) #4H% 1, 7

-

BRI E S
2. WA (F-4) TUH e, .
3. Ho AANTRABYE,

- siné
Tl )‘i . (3-9)
C, [a)wd) 8

Y =

di{ v 2

g

4. Y. HARNTFRAHEX H.

X 2{(&;@ )’” .%_} -
H

~ve S, § §
(ﬁgdg) &, f+§’~é«§* —4Y =0 (3-10)
4, 4 4
)+

g7

A E:o.zs[:r-*cos*'(zfﬂ—l (2;'?,“1)\/1-(2;?}--1)2] (3-11)

§, = m—cos™ 25 ~1) (3-12)
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LEMAE (BER) B ERENRISLHHFR

§, =cos™' 2k, -1) (3-13)
§ =1-[27 -1} (3-14)
& =Al 4 (3-15)
d =d jd=44,]5, (3-16)
d =d d=44,/(5 +5) (3-17)

5. BX. o HRATEATBao,.

C, [ mﬂd)'" P}

di v 2
3 !
X = — 2 (3-18)
Cg Do PeWs
d v, 2

(FERX* Y, WTFREE: C,=C, =64, n=m=1;

MTFEW: C,=C,=0.184, n=m=02)
6. HFEHMNARITUEBE MR ERENRR TE K

SEHE.

g, = 900w’ w,, (3-19)
_ 3600x3%273md ’w,, 2432.67

qg B 4 % 303 - . wgg { 3'28}

ZHEMBEENNXY . F. o, 04+ ¢, g, RIE. H/DBXSA

H—RAMFE, AELES®E 1~6, RAH—FIWX. F. o

0, 4~ g M, FIRKEERTUBRHATREER T Y . F 4
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G AR AT RO A L Bl .

a, PRRAFRI TR 5 T

2O0%FTE,
I =F B AR

L2 BitEBAN=MENSRE

R LRPR, MUUBAALRERRTAKS

o, BB RS RERL g,

THEEHTEBRAXERD IR 81 /XK. 63 B 51 Z X

=HRESAE, AERAUEL, ELXESHEHRANERT, 2BR
FRUEETHEFHEEKFEPERSZ.
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AMAY (FF) MIdwX

KB R R

SIRAEMNTZHE

3.2 %

VOB
Y - |

RYE s EI A &4 A5 8 w5

FE, WE LA AEN KN

0.3Mpa, {BE 30°C, LTHRATSMmM, MUBE N 861.6Kg/m’,
H#EE 0.04423Pas, AR E 4am’/h A4, SEFHE 180Nm’/h Z£4 .

ATHTREESER, EAREMTHA 27 B (FRXIBERE

el

- BB 5 A

At HEREE

i £l

)

THEFMANMBREFENTEGERSINLAARSEBE AR

B M ERER CORRR S B8R
ERE *E%Eﬁijﬁa‘?il AR EE,
O =2

1) /\ ) IE&EK SImm:
ADEHRE 81lmm, 7ZELLEFT

e

RIEEERTRTFEAOQDE

(LTFHEAQEERERMK
e 2%

RENTBERERELT, &2

REWET B, EREBIE 2.0066m/s, LT T WAL, #Fik

ANEFARBIRATBEREEE, RS

2) A

BFH2E 63mm:

ABRRE, MATXA,

(1) WMERELE 4m’/h, SHEFE 200Nm’/h G+ 24 8,

£.=1.0392140>1

A2 B KE K,

FEAF .

(2) BARREBAE 4m’/h, KA E 180Nm /h B E & 5

X =1.7778770 Y Y=146. 5343000 h,=0. 2309238
f£.=0.9391040<1 AOEABFMHERLTHER

Ay =0.0009351737 L= 0.05969387 W, =0.01566616
v, =2. 0397920 v, =7. 5901400

v,=0.3564400  v_=6.2638130
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A (B WX FRGEHR T S ERHE

v =4. 0389740  v,,=29. 5811900
v,=3.5987520  v,=26. 3570300

d, =0.07543141m d,,=0.09711542m

Sepg sept

B d,,=0. 1000mH T RMEEFH T
RAXBRGE W E R ER: 2,=0. 5729488
AR B TEEEE, z, =0.985086

HO%:  d,=0.040  d,=0.063

(3) WHRER 4m’/h, SEHE ONR AN HHEEE,
X =1. 8576850 Y =146. 5343000 h,=0. 2366327
£.=0.9831511<1 AOEAFEMHRRLTSER
Ay, =0. 00093517370 L,=0.0596938 W, ,=0. 01566616

v,=2. 0689350 v =7.6471530
v,=0.3742620 v, =6. 2638130
v,=4.0682000  v_,=30. 1140500
v,=3. 6247920 v,_=26. 8318100

=0. 07543141 4

sepd

=0. 09951369

dﬂﬂx

B d,,=0. 1000mE TR F YT -
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AMAE () BiLeX ERRBRITEXLR TR

ARG — AR B 8. 2,=0. 5963975
AARXSHHEERBEERS. z,=1. 0225650
O d, =0. 042 d,=0. 063

(4) WHRBETE 4.2m°h, S E 180Nm’>/h Wi+ 45 R -
X =1.9503160 Y =161. 5122000 h,=0. 2367905

f.=0. 88350611 AODBFEANFEBRLETHER

A4, =0.0009351737  L,=0.05969387 W. _ =0.01566616

sl eqy

v=2. 0669820 v, =T.2461830
v,=0.3742620  v_=5.9341390
v,;=4.0268110 v ,=28. 6593800
v,=3.5879150 v, =25. 5357000

d,,.=0.07341955 d

sepg

=0. 09951369

sepl

B d,,, =0. 1000mk A7 H0 X 25 4 7 42

XS — BT RS, 2,=0. 6190592
A S EHEIEA, z,=1. 0562600

B d,=0.0390000  4,=0. 06300000

3) ADBHRLE 51mm:
SAOEHRZK 51mm, HER 4.0m’h &, BHERFZSER,
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AR GER) BiERY ERBEERTSERTER

ZESEEAKREENE 8Sm’h, St KAD, FEFELEFEIR, A
TEE,

SAEEED FLAER, TEASRERERSESHRSTTER:

NERNE 63 8K, K 1 X, BIEEIRIAADEEmEMN
30%; ESEENRE 100 2K, 2ESETHS 11K, tHsZE
RE 10K, REEOBERARL S EX, BHHEOEAR 63 EX., %
EIEMERE, Ae¥EMNTERETHEIEERIE,

oL EMEETED, MTL0ES: QATERIEAD
AN ERRMEE, M TT —FKEAD, FADEFEE
FKEHREFR: QATHFADERENIESRENMHERE, BEAD
BHIOKEA 125K : @Q@ATHETENE T EXERENHA,
WIHHE TRHEBEEENRRHERE.

FEHRASEER>ELE0E., A\DEBYREBRXELESH
HEXBENANHEELETEROTERALNERUR:

ﬁ%ﬂﬁg}ﬁ"] F)\EB@GL&?%E%%%E ﬁﬁ?ﬁ*ﬂﬂ%ﬂLCCﬁ%ﬁ%gﬁﬁj
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A (50 BIRX LRI SR AR

3 BEMENME

3.3. 1 SO ELEENEBIHEEEN g

M TERME S BUE, ~HELXEHAREFES R — g
. ATHRRZENMHE, 2320 ART, E54H088%it%
T AERE, AREHDEL R ZETRIEHERE (B
GAEEESEAERENREHEREFEEALEGED, BTN
BB R T RS0 5 BRE.

ATHRERHEBEREN K DALRIERGTEHHSEE
R, BIEBHERBEREEANNEEEER | 248, ERERY
AT E R, HEAHREEEERNRAD RN E MR,

HDE}? Qif

B[l 4 60x 60

1

Roep: Q- —WHERE, N,

.. 9002D°h _ 900x 7 x0.408° x0.5 _ 59
FrLL, “ : .

A, FIRARSEHEERENRTREER.
ATRNBRHERRERERANEE, ARETHETASE
AR, ATUERAERAKRERET, BETETAER, FRLR
X . ERAHRKEL T ZEBRE SR, T LT 37 104
MERRERER, FoRERENTERESBNS, BBHEENE.

33 2ENARARRAER BHRGDE

(D) ASBTHERTHEER SRR E B BRE,

— wasy s
= O, {(3—21)

R kA
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AIASE B RERT LRBEH R 5ER &

bt |

O —THREBRNSEHOETPIFRRENE

0, —— —EREHEAAOE WS B SR S B

RE kAT 0.05em’m’(R), RHHIBEROIBEREREGTE

KHE o REWBEE A, BB
SHHOEFRFHREHBTUHSAHOLNBREES
BERH. HEAUHAPRER, A\OLBEEMARRET U HEER
R, A LA E RS AHRE.
(2) ABAHAERTTNE R TRIER 5 BB 0 5B RE.

K, Qrwj/f (3—22)
f*m

R b —— W

O, s BB 18] 4 S o 1 R SR B S A B

Oy — —BEEENAOBERNIEA>EBIOBENE

RE kAT 002 i’ GED), BUEBSESNIENREST

R, BEHESESD, SERREEE.

A DR R SR S B BT LA BB O A SO R
Efedl. REFTER: TASHHERELBHOBRTT, HSEER
ER, REARHFBRE, BELRAET, 558, B REs
LERER, SHELH—-2REH, PR GNE, FUES s
WEDRMBES, B2ERERSEERE, BRERERA DL
WA E, HIbE FEMAREwE A aE,
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FlKE (R HHeX ERBENRT SRR

SATHHER

341 SHRERN

KRBT HEEXSBERER, BRENGRAE (B £
MR LR EHRTH, PEEHENEEP AP, 2R, LRHEXHA
N ARBHE, K 350m, B LREEFERHERNNFRERE.
SR, EHRAEAWERSER. HBEREE. WRERTE,
BAMNERERUERBHASIHEREREAN. EURBRS
—MEEFER, FMENTES., AN EETRBA—-EHERE
RE%. SREFTHHA. BAGESHATEN, SHHEV Az
SHEXE. BHl58EFERERET INTELUTION FIX F& 5/
), ZRARFRENBCYE, RYRNLAL ABHERE.

B 41 FHAZEMRKRINE

3.4. 2 R

TR IFAZAMKEZSIW, EREE, WHRIAE, Wk
FREREUTROBANGZUERNYE, 2B RAE, <&k
BT ENERTTENKBER, BAFANTRIE. SHRE

k)



FA% (BR) B SRR T S S R

HERAERETIHE W, WA EWEXH ROSEMOUNT HEXK
Bil. ABEFHHEETEHAEFAHERS>EE, 28 EE
BRKRE, BoBEBALAHDHFALZERE, 2HTRHEHAR
PFARZEHESHTRELE, TEEHEAESERARBITEBENR
MG HE, 78 ENSALRERE T BEEENST. BL AR
& iR AR ME.

3.4.3KKAR

1) S HEAEH 4 5 8% 1 Ik &
2) HBERTESBR o REME

3. 4. 4 LW TR

BB RIS RIS, Hhing i iS4 e 4 9% 4k
o HEEERE G, SENRSPESBLUERAAOBR. &
FLRE, WHETUTLHSR TR,
D KEAD, BER5KETR, #TUTFT/LETR,
i.  WE 1.2m’/h, SES HUE 70, 100, 150. 200, 250Nm/h
i HE 2.0m’h, S B4 BIE70. 100, 150, 200, 250Nm/h
. WE 2.7m'h, S B4 BE 70.100. 150, 200. 250Nm*/h
iv. BE 3.4m’h, SESHE 70. 100. 150Nm’/h
v. & 4m’h, KEAHEL 100, 150Nm/h
2) BEALD, BEE5KEIRE, #TUTLEATR.
vi.  WE 1.4m°/h, KB4 HIE 70, 100, 150. 200, 250Nm/h
vil. & 2.0m’/h, S B2 FIE 70. 100, 150. 200, 250Nm’*/h
vili. R 2.7m’/h, S &4 HIE 70 100. 150, 200 250Nm*/h
ix. WE34m’h, SESFE 70, 100. 150, 180Nm*/h
X. WE4m’h, SESHIE 100, 120, 150Nm’/h
3) MAAL, TR SWmELR, #TCl FLASD.
xi.  WE 2.1m’h, B4 HIE 100, 120. 140Nm’/h
xil. & 2.5m’/h, SESFIE 100, 120, 140Nm/h
xitt. &8 2.8m’h, SESRB 70. 100, 120Nm*/h
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AMAY B0 Bk ] LR R 5 LR R

3.4.5 L E

1) |ATEIIRE, BBELRIN, BERETIHLESR,

2) RAERE:

(1) SEAEHH, RENER, Rt FirEiaigssm
SKAEUE %

(2) [HELES;

(3> HRI0WEL, BAEARTFHRBENEE, REBE,
GEZS ¥ |

(4) FHIBFIE R0, 05MPa, LAR]THRE P13 AR IR JE [B1 4 i,
LHAEER

(5) HWEARTH, FEHEVREYRAE, 23RARERER
FR A HE, BE-BREE (#3084);

(6) FRTHIBER, FHRENE,

(7)) BEXELSRE, TRBITH, # (5) #1T,

(8) RBEeHMERE., £XE, REESA2008, HIHER
BERBEEEEE, REBEHEN,

(9) EHFETHRIFBI T RRBHES,

3) iR, B,

3.4. 6 RN FRWEVEHE

EHAARIER T BBENERAXAN THENRNES, KT
M, REXIESEHEDT.

. A%
FE p, HREFELE p, = P/R(t+273.15)kg/m3 (3-23)
R R ASHEREEE, 55 R=287.1J/(kg k)

3
s (14273152 273.15+€ _
dm*ﬁﬁﬂg_#"[ 273.15 J t+273.15+C B3 (3724)

AP p R TEASIRE, EED 1.71X10%as, C 2
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ik CE5) BHipX BB SRR

Sutherland &%, 55 C=122k

. Kot
JKTE t=10°C , P=0.1Mpa BFTHIIES WM TF .

F E: p =999.7kg/m’
EEIHIE: v =1.308X10°m2/s
A 4 =1.308X107pas

RMEHS: o =736X10"N/m

=, Y
FELBFTEMA BVIVISO R, YHESHEDT.

mREAN: p, =p2{,--y(r-20) (3-25)
P A 20°CHHIER

t=20°C I, HVIW150 il p,, ==868.1kg/m’

EEHE: 15°CH, v =120 mmYs ;
20°C i}, v, =100 mm*/s ;
40°C B}, v, =33.32mm?%s;
100°C i}, v _=5.465 mm?s

HBRAK: lglglv+0.6)=9.73-3.831g(T)

FEIEE 96

AN CFFET) 212°C
i 15— 1815°C

H HI{E 0.06mgKOH/g
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FEHH: o,=3.1X10"N/m

3.5 AENG

AEMNLEEYWE . TEEENNE., TR FENGIEEH
ITTHAMTIR, FELERWT:

O. #HXLTRANSFEERAEZRTIA, 2HEESHEYME.
7. BERMASTRESEZREW, L Taitel & Dukler %mﬁﬁﬁi#ﬁ
RIAWKE, FEBMFKFEREMNEN, 25#EITERN 8lmm,
63mm, Slmm JLMEERPRERN > HE, HBREFEESEBLT
AU X-F. SEHTEERE. SHHEREBAVEATHSERER
CTHBENSFE, REARESFRETURREILTSERB TR,

@. RE\EVEER AR SRR S R BT LR /W,
HAANOE T THMNAKEREFE,

@ ATHRAEBRMNESTNERNAE, 2L RXFRE, B
HTREEERENENEERE, BB BN ER AW
BE ;

@. HTHREFHRESLE, SIS THEANSR LR, AELE
HE. KREE, TRAE. TRURATH. XRSBLURTBNE
T
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FlAY GEF) MEB SR L R

Fivay

55

=r

=

o 85 R 7 4

¥

4

KWW ARE, ERMKEERMM,. TEMK—HEMT 42 #

A/, KS
EEAMABADO. KS

EANDT20 8, ST 228, SR —
“ADOK LLIm, A% 60mm, &
[ R 27 B, N4E 60mm, B 45 H LR YK

HIRERE, BEADR—K, LELRENT.

4.1 REGEIELCR

(1> REMMAD GLCC A ERNULRIIBICLE

(LA S )

LA 9 3 T,
A 1.25m,
FHfiSAO. B

| A
HE
m*/h

o H

hE
HE
m/s

54
i i
m’*/h

TH
[E

m/s

R
[
24

&P
R
bk

AQ
I
kPa

AL

& I
kPa

v
EZE
kPa

B
H h
kPa

i &
T

HWAE
i
$

[

2.80

0.281

80.0

4.08

28.56

14.84

98.48

2.78

4.102

96.89

7.5335]

$.00631

2.81

0.28

100.7 { 5.15

35.86

18.66

99.16

4.406

97.03

8.722

0.00755

2.78

0.27

119.5

5.91

42.98

21.63

105.7

3.321
4.03

4,759

102.4

8.459

0.00848

2.47

0.24|

100.1

 5.21

40.50

2145

 93.5

3.01

14.293

91.2¢

53.830

0.00786

2.48

0.24

120.0
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