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Abstract: In recent years, there are many reports on

The distribution law

3 ] 3 1 ) - of residence time of

super vortex quick separation (SVQS) system using air ! o residence tme ¢
instead of oil steam, but the performance parameters ]
CFD method

Vortex ari

such as separation efficiency are not very accurate, TT

moreover the influence of oil steam properties on the ...

The local grid structure The local nephogram of velocity.

performance of the system has not been studied. In

order to promote the industrial application of SVQS = cmmscine . <
/ V(i p)=tinunp—gin(u+c)—h{np+c,)+m,

system and accurately evaluate its performance, the e The formulas of maximum dimensionless tangential velocity
Conical bafMe

flow fields at a series of oil steam model with different 7 1

a5 model of Ap(sp) = 539 8IS MU

densities and viscosities in a $600 mmx4150 mm Superverm('xs%g; The 3D model of SVRS The formulas of pressure drop

separation system
0 o The fc laford ffici
SVQS system were simulated by the commercial re,zle"drﬂ,”oﬁS‘fe'am'avgifc‘fsn';'e"t:

software FLUENT 2019 R3. The influences of oil

steam properties on the dimensionless tangential velocity and pressure drop were studied respectively by single
factor analysis. The distribution law of residence time of different oil steam in SVQS were analyzed by employing
the scalar transport equation. The simulation result showed that the dimensionless tangential velocity of oil steam in
SVQS increased as the density increasing or decreasing of viscosity and the maximum dimensionless tangential
velocity can reach 0.912. Both density and viscosity had logarithmic function relations with the dimensionless
maximum tangential velocity. The residence time of oil steam in SVQS reduced with the increasing of density of oil
steam or the decrease of viscosity that the minimum average residence time was 6.279 s. It was found that the
pressure drop and drag coefficient were not only affected by the structural parameters of the SVQS system, but also
impacted by the viscosity of oil steam. Both pressure drop and drag coefficient had a logarithmic function
relationship with the viscosity of oil steam. Meanwhile, the formulas of dimensionless tangential velocity, pressure
drop and resistance coefficient related to oil steam parameters were obtained by fitting, which had good universality
and can provide data for the structural optimization of SVQS system.
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Fig.1 Schematic diagram of 3D model and structural

dimensions
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Fig.2 The schematic diagram of a local grid division of
cyclone heads
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Table 1 Properties of oil steam

Density/(kg/m’)
B1 B2 B3 B4 B5 B6 B7
(0.605) (1.225) (2.325) (3.425) (4.525) (5.625) (6.725)

A1(1.018x10°) AIBl AIB2 AIB3 AIB4 AIB5 AIB6 AIB7
A2(4.993x10°) A2B1 A2B2 A2B3 A2B4 A2B5 A2B6 A2B7
A3(9.846x10°) A3Bl A3B2 A3B3 A3B4 A3B5 A3B6 A3B7
A4(1.789%107°) A4Bl A4B2 A4B3 A4B4 A4B5 A4B6 A4B7
A5(3.335x107°) ASBl ASB2 ASB3 A5B4 ASB5 ASB6 ASB7
A6(4.881x107°) A6Bl A6B2 A6B3 A6B4 AGB5 AGB6 AGB7

Viscosity/[kg/
(mes)]

SR 56 IE A AU T v AT AT M e AR A AN
SVQS # B #E4T T IahiFil. LLRRTHE H 1 b /KF ki
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RN B 2 A BRI R, B G vt S A 3 T VR AT i
KA, 0 B B T VA SR AR A B A R AR A
(17, A R AL T FLERE IO i A7 B 5 I A7 2 1R
o IXFEUT LA R A H S — 2,
R ZEAE 2 TS LA, R B BUE R T VA T AT
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Fig.3 Schematic diagram of calculated
section position of SVQS

3.2 SHEMERRN SVQS RE N EMERAF

TV I S g 1 A ypty A7) ) T8 SR A e 0 7 RORE ol 52
ERNARIER NI eV SR S i DU R 05/ e e h7) | 1B
FE A AT il S B SVQS R G4 B8 R 5 . o &
PN [ EE V=V/V,, T RN K& E V=V, V..

0.7

0.6

051
041

VidVs

03+

Flow partition cylinder

0.2

Closing cylinder

—o— Exp.
0.1r

0.6 0.7 0.8 0.9 1.0

r/R
B4 U1 d R p Bl gt SRAN S 45 Fonf H(Z=0.5D)
Fig.4 Comparison of dimensionless tangential velocities
between simulation and experimental results (Z=0.5D)
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Fig.5 The nephogram of the velocity distribution at the
nozzle outlet along a central axis
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Fig.6 Distributions of dimensionless tangential velocity for different oil-steam with Z=0.25D
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Fig.7 Distributions of dimensionless tangential velocity for different oil-steam with Z=0.5D
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Fig.10 Fitting surface of u, p and V"
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Fig.11 Distributions of dimensionless tangential velocity for different oil-steam with Z=0.5D
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AL, B TR R B R G N R B s AR K, Hofe
R 2. ¥ v AEARANRAS) R FHFEE K (13)
Al 15 E(u)é(g)=4.64646+3536.31466In(u+1.00041). F]
JE T AR ) 5 AN [R] SVQS £ G 45 49 2 B0 52 (1 BH
R &g R IE A, WS E(g)=39.838" MM VNH=
20.031(S=S/S,, M=S/S, N=D /D, S, S, S, 5 H M2
T A2 468 T TR AR B A Sk M T RRURD A B AR R TEDRR, D
HD, 53 9) 2 dF P B2 LA R R I 14 AR » B T 1 (e
0.23196+176.54209In(u+1.00041). SVQS & i1 11 %
Hrn] Fom N E=39.838"2 MO N™5E (), i B 2 R Ap(u.p)
Ak RIR N

1
Ap(,u,p): EX 39.83So.238M04659 N7.54§(#)Vin 2p (16)

K14 Ap 5w, p FIHLE BT
Fig.14 Fitted surface of u, p and Ap

3.4 AISEMELEIE

R AIE BT A3 2 S AR 205 LR AR AP (=
1.0225%107*kg/(m * 5), p=0.8141 kg/m®), Z. 4 (u=1.0318x
10~ kg/(m-s),p=1.138 kg/m*)Fl | J#(u=8.163x 10" kg/(m
*s),p=2.327 kg/m’) P13 Fh A MR, 7E SVQS TR5F &
i EAT LA, . K TR EAME 5 L(6) R (16) TH LI
TRMMEREAT 7 XL, 45 AR 2 B

A DR, 0 RS SO AR () B AR T, ARG R 2 3
HIHE 3% LAY, Ui W] ok 28 mT DA o A s T A =] ek <
THF SVQS R ML RE S 8, A A BUF I & 1, T
N SVQS Py 35 B I 2 M LAk B LR
3.5 S MR SVQS AR FEREIRF M

T AAE FESLR 73 8 Gt N 15 B I 1) 2 PP Ak e iR 2>
RGETEREN — N E IR R . ANRRECIGINT 4=
W8] 7,0 TR BRI £ B /M BR8] 7 0T 3545

&2 SVQS AL MtEES KN ESELMERXIEL
Table 2 Comparison of predicted and simulated values of
SVQS system performance parameters

Gas
Parameter
Natural gas Ethylene Butene
Simulation value 0.54563 0.70632 0.79842
Predictive value 0.53934 0.71666 0.80007
Vipp)
Relative error/% 1.1528 1.4639 0.2067
Simulation value 439.192 574.360 1157.306
Predictive value 428.585 574.068 1154.258
Ap/Pa
Relative error/% 2.4151 0.0508 0.2634

B ) 7 5 5 42 B B DDA 56 1 2 80, SR R M v B 0
IEWETT T AR 7 4% (VQS) N U4 5 B I T A 2 A1 R
Mo R FHBUE 500 7 25 20 A M A SVQS R4k
PN A 452 B R 1] £ 40 AR RS20 . 7E SVQS BR4r A T Atk
TIN5 300 S 2 50 ) (R s B A S 7 H 1 A
BRI, 2043 B R R AR (0 45 B ek (] 4 A i
2. A7) R8) 3 5l v 15 B I 8] 43 A1 %5 T MR A E () A
ST 3595 B e ) A 3K

e 20

0y @ar
r= j:tE(t)dz (18)

A, Q) (6) AN BT 2 B IS 5] A5 Ak 1 86 55, ¢ A9t ]
(s)o P 15(a)F1 15(b) 7 MR FE A B2 R B2 A4 IR,
FETR RS A4 BRI 8] 2 A I 28, 26 3 i oy s i Sk
1ESVQS R 5t 4 115 B I [ S 4 (i

FH P 15 A2 3 W, B A il A R K BN R
IIN S IR B SR 10 25 15 B R ) 5% /)52 B I T R R B
(1) RIS~ 357 45 B Bof [) B3 20 70 /I, JH v S 35425 B ) A 3=
5% B R 1 A% A fg W S, S 3 45 B I ) Tk 6,279 s,
ST FoAth 4 K5 S5t AT R IR ) (R R . T R 7 BE R
SKE 13 FE AN AR R LT, 85 K sl /N i <
7E SVQS Gt A 15 58 I B IR ER J . I/ ol T % JEAH K
SR A /NI SR B R G A B AL 1Y TE B AN D) 1)
K, S AL R] Py e R L RS AR K IXH R R 4
PSP 5] ATTREAR T SVQS R4 £ L%

4 % @

K FH RSM AR AT AS [F] 3 U ALAE SVQS R I
AT T AL, F R R R AR SR TSR S5
CHAE B B 5 R AR L R B L BH ) R R <45
RIBT I )RR R N &5k
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Fig.15 Residence time distributions of tracer gases

#3 BEHNB2RFE N A4S RES A0S ERTE
SHE
Table 3 Residence time parameters of part of tracer gases
with density of B2 or viscosity of A4

Time Properties of oil-steam

parameter A4B1 A4B3 A4B5 A4B7 A1B2 A3B2 A5B2 A6B2
e 2.695 2350 2.170 2.005 1.660 2.370 2.670 2.935
t/s 0.985 0.865 0.805 0.760 0.730 0.910 1.050 1.120
/s 42625 41.110 40.285 39.610 37.840 41.130 42.745 43.435
/s 8.221 7.689 7.093 6.681 6279 7.435 8217 8.631

e B AR LA K, TE AT A B R, HIG AN
B R ) 0 3 P S0 B /N o U P T B
PN S TE B AT ) TR fie K W] 3K 0.912, AT AL
FRORL 25 5 70 B IR 4R SVQS R 7 ALK

(2) F G0 A5 R AR R, 3R B il R
EDNITEVOE €/ IFEETEFiEa - R A E G N
SLIIPH ) R HL

Q) M E B HAT G BB T SR R
R B4 T R 2 e K T T R R o bR 5, IR SRS 2
TS FES BRI R ERIER . K X
fE SREAME HEAT T BB, 00 45 RO B, AR iR 22
PILE 3% LAY, Ui W 2 SR A B [ & 4, X SVQS R
7024 B IR BE VAt A7 AR KL P A {82, v e S = A2 L SR %
52 56 A AR o

(4) A S BLTE SVQS R G A 145 B B8F (1] 43
Ay i AR ARALL, 22 495 P Yo 45 B T o e 0 2 3K
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