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The operation optimization model of crude oil batch transportation pipeline
based on the simulated annealing-ant colony algorithm

LYU Mengyun
China University of Petroleum (Beijing)/National Engineering Laboratory for Pipeline Safety

Abstract: Operation optimization of crude oil pipeline is conducive to reducing its energy consumption to a certain extent.
In this paper, a mathematical model was established in the form of discrete time expression based on the batch transportation
process of crude oil pipeline. In this model, various constraint conditions are taken into consideration, such as the pipeline
hydrothermal constraint at different time steps and the operation process of the station. The physical property difference
between different batches of crude oil in the pipeline is distinguished strictly, and the lowest energy consumption of all
oil transportation equipments along the whole pipeline is taken as the objective function. And it is solved by means of the
simulated annealing-ant colony algorithm. Then, it was used to calculate the Shanshan-Lanzhou pipeline which is the trunk
line in Western Crude Oil Pipeline, and the calculation results were compared with the results of previous optimization
algorithms. It is indicated that the simulated annealing-ant colony algorithm is more efficient, and its corresponding
operation scheme can decrease the operation energy consumption of pipelines significantly and satisfy the technical
requirements of on-site operation, presenting strong applicability. (4 Figures, 3 Tables, 26 References)

Key words: crude oil pipeline, batch transportation, operation optimization, different time steps, physical property

difference, simulated annealing-ant colony algorithm

T AF K, Bt 25 i ELLﬁEfEL_ﬁEP%ﬁ ARE INFAGEE SR A T | Bk 2k L A e ) S IR ik A T
BEMABIRERN T, I E S H R EMAE EIZ TR 5L T IR ECE R, I % F 3 A B0 B0 R AR
W ETT R TR, BT RFEMEEIET TERR fE R LR T BT AT R
R S AR R EBCE AR, RS RIS NT TR NP 2 ia AT 8 & 10 AR, @57 7 #aih
R R R RA TSR A E, ZEE xS TR, I BRSSP R B SR AR

1154 |_Yacy-paperopen.com




VAT TR RBHULR IO ) S i A P ik 1S AT LA Y

ik 5% |

SR AT % 25 PR K B35 (Simulated Annealing
Algorithm, SAA) ¥ %% %5 R F B LLIR k-3 4% 0%
SR S B T S AT A 2 AR % 43 St
o K e S5 B S =2 SR A T AT T T REAL AT AT
HELT R RGBT RS s AR,
ETREHERAANRAEE SRR EERRES
Ty 77 % . FEESN, Zhou S5 B X G TG B ST T 3
SR T R B U R 5 A I R B Bl AR, BTk
HEAL T Al TE IS AT AR Y, JE R KL 7 RE-2h R0
RN & LR AR Lin &R T sk L, IR
LR T B TE AT IR A LAY, (B B AT REAE I
% 5% ~9 % ;Karuppiah 251 % 6 7l 35t i ok 8
o) ST IR A AR 2 M AR BEAY, IR 4R tH— R
AR ™ AR R () AN DL A 3 Wang 45 5 T
A 5] Je izt 77 =0 PR 5 i DR 2, 0 A 3 ik
TR 5 2 Fhig i 7 R SL T AR, R FH 8 A% -
WCHE S SK A

RO 2 TR RO BVR S s T2
FARE AR E N R A SRR AR, TEE
USRI T 2 Bl g T2 (R ok 2 8
R R R R AV 421, BB SRR A B i, R
HG IS ()25 P& BB & AN S . A, SR AR
RS M, 24 5 K, $ak R B R B2 0
THERLIN ] 2R B EC, SRARSCR KBRS, H 27
LR M 1]

BT BB BT FERCR BRI PR a1k S5 TE is AT
TS A % I A S 3% A R
PRSI R b, P2 X 208 N &8 sl A i 22 S
W I A28 I R R A [R5 R I K R 20T il
BT LZARELRARFKMEIEEN, LEEELK
BATREAE RN H bR bR B SL B R SR R
1B R-WURE SRR BEAT K, RIZE BURE 529 (Ant Colony
Optimization, ACO) H1 5| NI AR H 47 2
ik, FEOR B SR BE R B F I, — e R B B3 1P
R EAE .

N

1 R

1.1 REEIE
AT AE T B A ST SR R, K B A I RS
AR AL, AR O N b A ANTT R 48 Ak, 2

Transportation & Storage |

W 5 U D5 ot A% i v R AR AR AR A @K i S
RURFRA LT, 20 P AR R 5 R 1 s @A
% F8 SR 5 2 R B TR B R s @R AL B A 2k
18 % A R D et A2 e 2 A s R 2k U R AR A, 22
W 7748 A F 5 s (B 20 A 3 45 0 A5 S K iR
U B N AR
1.2 BFfrEH
BT B I E) A VR SR R R T A
BHLNEZ), L e={1,2, , T) o BB b 4 554
WA I AN U— D BB Li={1,2, .1}
KNG LG BT a, W i 558 G+ 1D
Wi 2 AN BB & K, G504, YL
k={1,2, -, K,} FRui IR T LS, T RELE
1337, K,=0s8AN w4 Be 4 N, & g, X1 J6n
PP, N=0; BLj=1{1,2, -, ]} Rk 5
HER G TG o AR DU I I 26 J 3l 18 47 FE L B 5 4
SN BRENE FE S RN N B AR R F
F=>> AT,(CP)EP,,I-—I- CF%} (D
T c
X Ar, NS WK, W By, NS ¢ RSB 5 7 3k
Y FE B AT Be ke, kW G N5 7 33 2 3 11 A
J6/ (kW -h)s Ey, R ¢ W5 58 ¢ 5l 3 I iz 47 R
FE, kW Cp NIM#GBRRN 4% T0/kgs Ve Im#Rgr i
BHVAE, J/kg.
1.3 AREZH
FH T 9 ot gk v 2 BRI A D TR 4 B
B SRR A S 2 0L R & B AR 1 S 2
1.3.1 R3HAE
X o A, R RS B OB R A
TR I B2 T R, T DURIE S R T R
MEHIIE 1 HEAA S
H, , ,=a\,—b Q" (2
77,,M:a,,ﬁQf,,.—|-/7,~,kQ,,,-+C,-,,<, (3)
X H, N D T35 f AR IATE, ms
Q. NHE ¢ BB H i gl R &, WA B,
m’hs 0,0 NEE ¢ WG E A £ AR TAE R,
a0l RS S R G IRENTERE S G 6,
bii~ G TP BNEE £ S35 58 b GIRIVBCETTIESEG m
FIVEFEEE T S
¢ PP E G RN ) p,,, IRIE N

yqcy.paperopen.com [ ss




ST

20174610 H 3536 % 5 10 W1 SHTA0E

KA1: By, NI T IUAR R, A ¢ B AR B
5k AR TIFRIRE, W By, , =1, & 4T AR
B0 By, , =05 pe,., FE ¢ W | k0L 58,
kg/m’; g NE SRS, m/s”

IR ki Tk Sl R R DR AL 4R A% 3 R AR U
JE:

| Transportation & Storage

pz,[: z(BPz,i,kpGr,z'gHr,z‘,k) (4)
k

28

PGei— ZP,,/BC,,,-, j (5)
;

Kfep,  NE ¢ W5 5 MK R % 1, kg/m’s B,
NZTCBH B BB IR IR A5 4
%, B, =1, %0 B, ,=0.
TANUIH FEIBAT BB NN T 3 e £ i 2
MEK, . 5 R Th R R IE AN
E,.,= ZBP""’kQ”"p ot (6)
- Mok
132 Eh#k
A 1 A R Re =P A 7 AR B K i
TR N ARSI FE . VA By R BE LI ™ b 25 1&
B BN BT AN [ R JE S A M SRR ], ik 500 T
2=my mm
pn;@z;wﬂﬁ%gﬂi )
s pr, NEE ¢ WG ¢ BUM SRR BERE, MPa; U,
NE BB iU I S B, mPlss R ER
ERMER, ms L, ; NE ¢ BB 7 HEK TR
BN, m; g NIRRT S5
FR ARSI A AR SEBRA S
TR 12 %
e i =Pon i Epes, i Eis Vg (8
K p, NEE ¢ BB BN @ RE R 148K, MPa;
E NS i SE IR me
B R Sy, B G — i GF 1 3k it
S R 745 TR0 — Sl (B 7 i) #Euh I 5 R R R
TIZFNREE & B RS = A B . p il
BE IR JI NG MR T pe» B3 il gyt 3t I 0 5 1
JEXREE 77 LR RR

/)Rr,i+1:pRt,i+/jz,i_/)Er,z‘_pFr,i (9)
pRmini ng/, i ngmaxi ( 10)
p()mim'< (pRl,/—i_plyi) gp()maxi (11)

ey NE ¢ WD ES L w5 77, MPa; prs

1156 |_Yydacy-paperopen.com

Drenins TN ¢ 3753035 R 10 B R ER MPas Ao
Pomin TTHNER £ 535 H 35 K F70 1R BR, MPa.
133 BAEAkR
BTV AR R IR R A AT, TR
MK EE R KIS KRS, K AR
BRI L PR A T 2 P B R o 2
To=To+p.,+ T, —(To+p. Dl " (12)
 K.nd,

= (13)
“ h Gzyz’ci
gSt,[

e (14)

e T T, 50 BRS¢ B 5 7 iy i)k il L
YRR, Cs Ty N i EEBCPF MR, Cy L, N i &
BEK mia, B, 30 i FE TR A XSH W H
B W5 8 BOK 35 B AU B K 0 35 B 1 Y3048
K, N i BB BERRE, W' TG, N
t BEPS  EBIRERE, kgh: o, N ¢ & BT
U B A, T/ (kg C)s S, NEE BB
N UK B2
B BRI E 5 K R M E T A

o L/,i,j pr,ij‘
G= Y (15)
F .

[

27 m m
Q@ [z U2 B+ S UBj
J J

(16>

S[’ ‘ :ﬂ 2 dS*m

T O 30l B DA R ki b o P R A L
FRPRER:
T <T10 =T\ (17
Toin<Ts <Tqou (18)
s T T 77 BINEE ¢ 53BN IR W) BVF
PR, Cs T i 27 B 7 S8 IR BE ) 1
BR, C,
134 #EZHR
FAh 24 RS A T AR 18 SEPRig AT L2 e, £
SR FH B PP 3 T 25, WA HpoAS 55 B2 R A 24 3R
FeAt, St IR AR A, NI AE TR N 0.
T.,.=Ts., (19)
E,, =0 (20)
25 R F I BAISU Bics T2, DA A Hp 75 B FE A
SEA A B B S 5 M RERE N S U
(RS ar S 1% 5T 3 I & 0 e fi




VAT TR RBHULR IO ) S i A P ik 1S AT LA Y

ik 5% |

Ey.,i=q., N, @D
Kt g, A ¢ BHDE i B G M AT, kW
N, RE ¢ BB slisp B 6 4.
5 BB Wi R A AR R A 0N

Qt,i
Qu.i= (22)
T &I ¢, RIE A :
ZBcf,z‘,jfz,jpz,jQHz,i(TLz,z_Tsm)
9= - (23

N

Kb, , NEE ¢ B 7 ftUG i UV, T/ (kg °C s
M. N ¢ WL L i B G IR TARRCE.

55 ¢ LA 7wl 5 A AR B G A R
HETFRER:

Conini 1, S G (24)

H 2 s Gt TP HINER 7 253 B BN H AR FA A7
fif b PR kW

5 ¢ WL S SETT R A & Bm BN TN
P B H Ny

N, /<N (25)

2 BORRIw

i 2 Jir ik Py 38 T IS AT DL AR o,
AR KNP R e RO LA R, B
EHONE R R HEERK, W5 Sl iR i
WRCR R I, BT R ROR, B n R B AU
B2, EEXTIH R &AL A, 2R
B 75 B 4 SR M, BUARSRAS T3 R INISAT REAE AL
%, (HTF SRR 2R TT F, ASBER AL SEPr A2 2R

WORF Sy — R AR B SE, BT HALAL Ik
B R SRAFIL SR MR AL 5 A i R, LA B
(SR AR, ELTR 45 S B v ™o (E ey 3R
feIan R rh A BR AR (S B R BD, SR FE RS, TR
WSO SN W UG OB B0 . D B, R BEADLR K S8
RGN FER AR A . B e I BELR KA
PR RGZ T AT A S SR I R AR D SORE SRR A s
BEATIRACKR AR . 24 P A N IS 0858 Bl — 10 7 2B B ml
AT R O T ESE P SRAS R AT AR o, 88 S s N SR T o
DU S IR S35 A P P AT A EAT BEADUR K3, B
5 08— 5 AT 35 R A JEAT AT AT AR R 2B R — AT ) )

Transportation & Storage |

AT FEH FRLRUE K B AR T e T e 22,
2.1 ENEERE

WS ALV T I B2 Ry g S TR i s T o B AT 5 7
FE (R ME— b, BRI AEAR KA B due T SRR SoH
FE UL S B e A SR 5 10 o A TR DA e I s 5
A LR AT IR AN AN I AT e FE BN HAR R, N T
Tl R SRV O B R B0 20 B KA BRI BRI LR, T
XA A H bR BT A . AL, I E AR
Wi e TR IR AR IE AT S8 T R IR A I 1 A i
PRE ERIE R Y RIE O

Y=A—F+ B«— DM (26)
s A NHEE RIGIFE 5 BEAFE IR By=1
B, Y b T A& E R G: FONEIE LIS A, I6;
By NRTAT R 5 AR R R AR e &, #5%
YLRTAT i S A 2V A, M By=1, B A E— AW
AN RS W) By=0; M N KAE
2.2 [o)@Ekk

WO SR AL [ AR S i i SR e A B
T T BB AT 9 R SR B IS B B AR A, R1 b ) P
TSR 0 2 T RS AT T BT DR SR
MBS R W 4E25 00 N & 4R R EE &5,
oK AR ) BT T2 07 RT3
o WEn RN EMMIBERREELL —LET
FRF TR W EIBAT T RANE N E R, 153
ZAL B B YIR BEAE, I DAL R AR 35 2 W% A4 B 1R
FEfE . Z it N TR sOE 4 0N iR & 15 3 &)
W AL B, RNZE E R 1T &

I R ADUR K B S WO SR A IR IR A,
VB FIEE AR SH, AR VIIRIR A T TE
TR f (T, )~ BN IR N R AR E N DA%
RAF LA Spo FLIRE T, T, £ E— IR P A AT
AT RPN BB R 422 R — 5 A3 o 02 P (1 A T IS AT U7
2, ARNE N RO e R TRIE
1777 %, MPAENs 17 7 RERIEBIT TR k2, M
1E 0~ 1 Y0 [l A B HLAE B — /N BRS8N T exp
(—AF/Ty,), WLAHTHEAT 7 REARE T R Bz E K
T exp(—AF/Ty,), WARER JRIZAT 77 %8, AF RS AT
T R G FIBAT T RIENE 2 ELME . 1B IERE 2
TR FE T BB I AR BB A IE AR B2 A, T 45
WA E NGB, 2 5 %08 — & J7 R IR
B, B) Ty, =/ (T, ) BEAT R —IRFEFRT 5

yqcy.paperopen.com 1157




ST

20174610 H 3536 % 5 10 W1 SHTA0E

2.3 KRIELER

SR FHABAUL IR K80 092 SR AR i ek It P i 8 77 1
L2 BT I TT I 77 I B AR D IR ORI BLLLR
KEAE I i S B TR A AR P T AT e AR\ S
JE R T S AL B R IR L AL, BZ B AT T R i
ITRERE, JHEIZML B W BB ZE R QBB
BORMFREASEL, O BOF R B3 D B 8 (5 R
BRI R ABOAR ZAE S, IR T A% B 2R
B KR SRAT WG 5 AL B @IS BOT 4R 3), 1R
PR SRR TR AT — BRI a i &
I, SE R sl 2 Ja , ARAE A B il a7 B B ik
FIWT R B BB @B E - B R E Y
R ERAG ER, TEBeR—kEB L E,
IS SR A B A B A5 B R EH: OX
W ACSE B IR Bl i BT A ) A ERAB AT T SR AT AL
B KA ©IIC5E T A ¥ 3 2 5 Brdk B ik
JEEAE B v (0 o B B O SR d A0 e, BVAEP T 4= e e LT
TP (& D

| Transportation & Storage

SAA HEREAR T 4T
fiAE 9 ACO W14 it

3 BiBisr

H 2% Ji J T A 7 5T O AR, I
R b PR AL AR | B E A DA K I MG S 2R, AR AR L 5
T L3R 9l R ok ek £ AT 451, A R
HE K. BiE4K 1562 km, %A 11 iy, 055
Sy 18 HR RS> SR A 9 BE L B AR S 18R GR 1.3R 2D
H TR H H TR 4k is 4T L2 i fanis LC ALR
A JE (RTAR LC D H R A i (RTFR H D
S TLM Jl e Fort H e T R b 37 4380 T %k
T IR 2 T T IMR T, A b ek DU 4 35 4 e A 2= M)
KRG IFHNE NGRS k5 ) A A T A%
54 (4 H 14 ZLM IP 530/06 Rl 22 (B 2).,

A4 DL Bl A5 AN BT S S e P i 1 T ds
ATRAGKERY, DL 2017 45 1 H #2% J5L i 4 1k O B v
RN BIEEAT T, I AT I K 678.5 h, R4 A 114 ANE
Ao BRI 22 i I A SR A R IR WU Ak 2, WOk
T BB ZI R, B i KNP AT IS, & ki
H R FEAR S o SR A READIR K- 532, 12 FH Matlab

®1 HZREEERERSH

E ACO JEA S " 7 2o SE fetg st
ﬁ,quI%Mﬁ Wi ¥ = E/m it [] 0 /km R
L (=1t % 798 0 $813X 7.1
T B T W R il — s )y Al [UIEE 705 240 #813X7.1
1728 1 D 2 P R S B 960 128 813X 7.1
LU £ ¢ 9813 XT.
I ; con %
T ———— %f;;%”%ﬂ% ME] 1535 66 $#813X7.1
N2 G EHE A% e IR Bl iz 1360 218 813X 7.1
Bz G B ERE St gt )
K17 1734 104 $#813X7.1
R TATRIEAT IS 1456.5 285 813X 7.1
MR K £ 7 ¢
7 fITEA 1921 81 $#813X7.1
il L AR A Gl 1783 219 #813X7.1
g 2277 72 PTIIXT7.1
1 BRI B E K R TR E M o 149 PTILXT.L
F2 HZFEHEERESATMEBERSRTIESHRRY
e TSI AREL iR LR 1.6 m 405 F PR/ C
B J(W-m ' C™H 1 24 38 4 s5) 6 7H 8H 9f 10/ 11H 12/
EE — U £ 1.18 80 7.7 7.8 121 164 19.0 227 240 237 221 170 126
DY £ — 2204 1.53 84 74 75 123 155 160 194 21.0 204 178 172 131
SRUE — T 1.37 63 53 53 108 143 13.0 157 174 171 150  12.1 9.4
P — 2 1.24 77 63 63 84 121 130 157 174 171 150  13.0 106
G —El] 1.40 71 57 57 82 108 13.0 157 174 171 150  13.6  10.7
EI—5kR 1.84 57 44 45 80 111 13.0 157 174 17.1  15.0 12.0 9.0
ki — 2.39 52 40 41 82 121 134 161 175 17.3 152 10.6 7.3
1P — s 2.28 50 35 36 90 122 123 148 161 16.0 139 114 7.7
PhE — B s 2.02 45 30 31 100 131 139 162 177 175 157 118 7.8
Bk — 24N 2.16 76 6.2 63 100 131 139 162 177 175 157 141 110

1158 |_Yydgcy-paperopen.com




VAT TR RBHULR IO ) S i A P ik 1S AT LA Y

ik 5% |

350 0.9
300 0.8
£ 250 0.7
s 0.6 =
& 200 0.5 4
Rﬁ 150 0.4 &
100 T H- MEREHLE 03
50 — M -0 TEAEMZE 01
0l 0

1000 1500 2000

Wi Am-h™)

B2 EZFHEESGHMR MR

500

R2014b # AR fif . BLAR KL A RIREE A 100 °C,
BANEEAE T FRARIRECH 50 UK, il 387 Bk
H i fe s B 02 1 22 0807 30 WSO S ORF R
300 K, B 5 S BN 200, (5 B RIE K RECN 0.9,
SRAREFEIT 374.53 s, 106 B 43 of 22110 == Jit i 5 1 A 2k
IR AR 7 % (R 3) 34T T

Transportation & Storage |

R3 BONZREZFHEELLSUBAARTR

AR ZIREET 686

Wit 0 30.5h 785h 121h 168h 217h 246.5h 2935h 336h 385h 4375h 480h 528h 5825h 629.5h 672h
#HE 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
e 2 3 2 2 1 1 1 1 3 1 1 2 3 1 1 2
By o101 0 1 2 1 3 1 0 1 1 1 1 2 3 1
P00 2 0 1 2 0 1 1 2 3 0 1 1 1 0
2 1 1 1 1 1 0 1 1 1 0 0 1 0 1 0 2
1T 0 1 1 1 0 1 1 1 1 1 1 0 0 1 1 1
ki 0 1 0 1 0 2 2 2 1 3 1 0 0 1 1 2
s o 2 1 1 0 1 1 1 2 0 1 0 0 1 0 1
[ | 1 1 0 0 1 1 1 0 2 0 0 1 2 1
Bk 0 0 1 1 0 1 0 0 0 1 0 0 0 1 0 0

AR SR e 45 5, & w0k s ot I 70 55 TR P2 B e i A2
PR EER . LB uh S o i kAT 4y
B I 30 0538 1 ol Y i s g 1 90 i ) 2 0t 55 1
ki [ 335 BE AR K ST L AR AT ER

AR 4 805 3l Ll PR ) ot Y s UL

N
[

g
=]
T

T Jub Rk R 1/ MPa
s o

e
n

I 1) AR A 2 (B 40, i T T S v 8] 3 3 4 A T
JRTN AN, I 200 JR IR T DR R R, DR L T 1]t ik
H vt i PSS ADUAE S50 ER T i 28 25 3 0 i e st 4
FE —5~—20 ‘CZ ), i gy it thy 3k Uk 58 24 7 P i J
ThEE R AR 3~5 C, BRI & I LT HRRAF K

— LI )
— HEUEIE ) TR

0 100 200 300 400 500 600 700
I 18] /h
Ca) #5355 vl HH ks i 7y

\ | | \ \ | . 3.0
100 200 30({)}_}{100 500 600 700 0

(b) Bl Juk kv s /)

100 200 300 400 500 600 700
I [A]/h
(o) F I Tl sk & 77

[#]/h

3 EREEUAHUAE DA KA 5k E SIRERT B RO 2R (L 2k

38 o 3

400 500 600 700
fiF A /h
Ca) #0381l b I

200 300

0 100

13.0}
12.5
O 12.0

400 500 600 700
fF (A /h

(b) Z [Tk H o

0 100 200 300

B4 EEEuEHINRERE TS R B R R AR ek

yqcy.paperopen.com [ sqg




ST

20174 10 5 36 % 5 10 SHTLGHE

| Transportation & Storage

P T 0 =2 J v A R R IR IS AT T2
WA oG, DRI, 42 H A 2R3E AT REAE R & 2l i 4
BATHRE R . SR ARk 7 SR AT SR A, 25 2 3
SMFEHE N 9.621X10° kW - h, #H EL B3I 1T REFEL 4
i 7 10.6% ;45 R SCHlik [7] A 5 UK, BEFE R
REPEARLY 5.5 % 45 R A SCik [5] it 77 kg, 5
AL TT HRAF IS AT 7 S ReFEEE A AT [R], (H 3K g 1ot
[F) DR P A4

4 ZEig

CL A0 Tty 3 5 R B AP i 384T 2,
R B2 T BRI LR TRl kI AT T2
552 KLV IEAT B FEAE A, JF ™M X 0 gt s i e
T 2RIk 22 R, DU IE e s AT REAE R IR H
bR RO SIS AT YA B R, AR (e P A i

(2 SR PR DLIR K -IOHE B30 8 R AT SR g8, B
AR SRR, B A A R R B, 7 —E R
JE b VB AT AT, iR B TR,

SEHL:

(1] BN, TR N7, 20k, &6 G 30 S vl i 1 22 P o 22 4 v 2

FRERARLY ] MA#IZ, 2014, 33 (12):1263-1271.
WANG X L, ZHANG J J, YU B, et al. Technologies for safe
and efficient transportation of multiple crudes through the China
West Pipeline[ J]. Oil & Gas Storage and Transportation, 2014,
33(12):1263-1271.

[2] OLIVEIRA F, NUNES P M, BLAJBERG R, et al. A framework
for crude oil scheduling in an integrated terminal-refinery system
under supply uncertainty[J]. European Journal of Operational
Research, 2016, 252 (2): 635-645.

(3] WREDHE, 72 00, AR, &6 J5 il 8 T8 Re AR 0 S8 1 T R 5 R

ML A S, 2013, 32 (5):499-503.
CHEN Y W, ZUO L L, LIN R, et al. Development and
application of energy consumption estimate software for crude oil
pipeline[ J]. Oil & Gas Storage and Transportation, 2013, 32 (5):
499-503.

(4] 238, Shoe], ok, &5, JFUMEE 2 e ifeisirm L)) L a
AL TR 224, 2009, 29 (1): 48-49, 53.

LI J, MA Y L, ZHANG ], et al. Safe and optimal running

1160 |_Yyacy-paperopen.com

of crude oil pipeline[ J]. Journal of Liaoning University of
Petroleum & Chemical Technology, 2009, 29 (1):48-49, 53.
TRAER, T, sl SRR TEIE AT R TTE KR
LT Ui, 2012, 31(1): 65-67, 86.

—
ol
[

ZHANG W Z, YU Q C, ZHANG D. Running scheme
optimization for oil pipeline operated at constant temperaturel J .
Oil & Gas Storage and Transportation, 2012, 31(1): 65-67, 86.

AU, SEFRERE, R, . B T3 B A HURINE 1 FA A E AR A
BATHEFULT]. 05 B A R 2 2 4k (B AR B 150D, 2010, 32 (5):

167-172,198.

()

(6

XU Y, AI M Y, ZHAO X, et al. Research on the optimal
operation of hot oil pipeline based on incremental dynamic
programming[ ] J. Journal of Southwest Petroleum University
(Science & Technology Edition), 2010, 32 (5): 167-172, 198.
(7] R, Mgk, FbE B IS4 A AR 7] 1. PR A Tl
152007, 29 BT 1):70-72.
SONG H B, YANG Y. Optimizing operation of oil
pipeline[ J ]. Journal of Southwest Petroleum University, 2007,
29 (S1):70-72.
(81 # %k, hnss) J ih 5 132 47 S B AL FE LT ). i S %32, 2007,
26(11):35-37.
YANG Y. A study on optimizing operation parameters
of oil pipelines with additives[J]. Oil & Gas Storage and
Transportation, 2007, 26 (11): 35-37.
(9] ZETNMN, 47, 22 05, &5, K5 A stk 7 €00
A A#IZ, 2015, 34 (5):515-518.
ZUO L L, ZENG C L, JIANG Y, et al. Program for optimization
of monthly energy preservation in the Changqing-Hohehot crude
oil pipeline[J]. Oil & Gas Storage and Transportation, 2015,
34(5):515-518.
[10] ®aH, REAF, 25, & #5224 5 H &AL 4 7= GEFE il
LT, A AEIS, 2014, 33 (4):437-442,
ZENG C L, WU C C, JIANG Y, et al. Prediction on the
monthly minimum energy consumption for Shanshan-Lanzhou
crude oil pipeline[ J1. Oil & Gas Storage and Transportation,
2014, 33 (4): 437-442.
[11] RKAF, ™K. G 1 Fa A8 4T P s B e A s A .
AR, 1989, 10 (3): 112-120.
WU C C, YAN D F. A two-level hierarchical model for
optimizing steady operation of hot oil pipelines[ J]. Acta Petrolei

Sinica, 1989, 10(3): 112-120.




VR T R BHULR IO ) S i A TP ik 1S AT L A Y

ik 5% |

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

AT, PR Pl EE R A AT A HOPOPT @[],
HAHIZ, 1992, 11(2):5-10.

WU C C, YAN D F. Introduction of HOPOPT software pack
for the optimization of thermal oil pipeline operation[ J]. Oil &
Gas Storage and Transportation, 1992, 11(2):5-10.

ZHOU M, ZHANG Y, JIN S. Dynamic optimization of
heated oil pipeline operation using PSO-DE algorithm[]J].
Measurement, 2015, 59 (1): 344-351.

LIUE, LI C, YANG L, et al. Research on the optimal energy
consumption of oil pipeline[J]. Journal of Environmental
Biology, 2015, 36 (4):703-711.

KARUPPIAH R, FURMAN K C, GROSSMANN 1 E. Global
optimization for scheduling refinery crude oil operations[]J].
Computers & Chemical Engineering, 2008, 32 (11): 2745-2766.
WANG Y, LU J. Optimization of China crude oil transportation
network with genetic ant colony algorithm[ J]. Information,
2015,6(3):467-480.

TR, 2 Al IS T B 1) R SELD]. S b
AR (B, 2011: 27-31.

YU M Y. Study on transportation scheduling of pipeline
network transporting multiple crude oils[ D]. Qingdao: China
University of Petroleum (East China),2011: 27-31.

RN 5. PR TE A IS AT WL ID . db s h E AR
% (b5, 2008: 18-20.

CAT L X. Operation optimization of the West Crude Oil
Pipeline[ D]. Beijing: China University of Petroleum (Beijing),
2008: 18-20.

FH, R, k. SR TE 2 T ik oK J)- D i G
SB[, W UEIE, 2013, 32(2): 143-151.

WANG K, ZHANG ] J, YU B. Hydraulic-thermal coupled
model of different temperature batch transportation of crude oil
pipeline[ J 1. Oil & Gas Storage and Transportation, 2013, 32(2):
143-151.

MANNING W, LIND G. Data analysis and discussion of
product interface size on a batched crude oil pipelinel J 1. British
Journal of Surgery, 2013,32(2): 143-151.

HOSHYARGAR V, ASHRAFIZADEH S N. Optimization of

[22]

[23]

[24]

[25]

[26]

Transportation & Storage |

flow parameters of heavy crude oil-in-water emulsions through
pipelines[ ] ]. Industrial & Engineering Chemistry Research,
2013,52(4):1600-1611.
SN, TR ST, . T POD R HE b B 08 15 1 ) 3
BRI AEIELT ] Al 4, 2011, 32 (1= 167-170.
ZHANG ] J, ZHANG W K, YU B. An efficient algorithm of
the proper orthogonal decomposition for the restart computation
of buried heated crude pipelines[ J 1. Acta Petrolei Sinica, 2011,
32(1):167-170.
ZHANG J, WANG Y, WANG X, et al. Study on optimizing
operation of preheating commissioning for waxy crude oil
pipelines[ J]. Advances in Mechanical Engineering,2014,6(2):
1-14.
TIWARI P K, VIDYARTHI D P. Improved auto control ant
colony optimization using lazy ant approach for grid scheduling
problem[J]. Future Generation Computer Systems, 2016, 60 (5):
78-89.
ZE, HAGAE, MORIE. JE T WU KK = A 55 1 B2 5k
LT ] BN S K RE, 2017, 27(3): 117-121.
QIN J, DONG Q Q, HAO T S. Improvement of algorithm
for cloud task scheduling based on ant colony optimization
and simulated annealing[ J]. Computer Technology and
Development, 2017, 27 (3): 117-121.
Fl, JRALER, P, S R TSP (¥ RS BRI
HESALT ] ST R S BEit, 2016, 37 (4): 1067-1070.
WANG Y, ZHANG L Y, FEI T, et al. Chaotic-simulated
annealing ant colony algorithm for TSP[]J]. Computer
Engineering and Design, 2016, 37 (4): 1067-1070.

Bk H 3 2017-06-04 2181 H 12 2017-07-235 &4 XUHIRD

{EE B/ B2, 40,1993 R4, FEIRIIL4E, 2015 4EEL T o
[ A Vi R 2 (AR VS AitiE AR b, B 32 B 25 55 s T s AR
M5 &5 T 2R AR T, Hilik: bR B P X5 18 5,

102249, HLTE: 18811153611, Email: Imy19930310@126.com

yqcy.paperopen.com [ 7y




