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Analysis of throughput increasing Scheme and Research of Running
Optimization for Huanggqi oil pipeline
Yin Zhenxing(Petroleum and Natural Gas Engineering)
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Abstract

Huanggi oil pipeline is a long distance oil pipeline consisting of the Huangdao-Guangrao
segment of old Donghuang oil pipeline and Guangqi oil pipeline, in order to adapt the
adjustment of the flow direction of the pipeline, and meet the needs of imported crude oil with
Qilu Petrochemical Corporation. After the adjustment of the flow direction of the pipeline,
there are Huangdao, Changyi and Shouguang heating and pump stations running permanently
along with the oil pipeline. Because of the degradation of pipeline and equipments from
Huangdao to Guangrao, the pressurization of the pipeline decrease remarkably. The
transportation capability of the pipeline can not meet the needs of Qilu Petrochemical
Corporation. So, the throughput increasing measure is needed. Selecting reasonable
throughput increasing measure and optimizing pipeline operations have important meaning to
the decreasing of the investment and oil transportation cost of the pipeline.

For the need of 6,000,000 tons per year of Huanggi oil pipeline, the equivalent pipe

diameters of each segment of the pipeline are calculated on the basis of running data of the
pipeline and the maximum transportation capability is gained through thermodynamic and
hydraulic calculation, basing upon the investigation and analysis of the pipe and equipments
of Huanggqi oil pipeline. Through measuring of rheological behaviors of the mixed oils with
different mixing proportions and different antifreezing agent concentrations of waxy crude,
Oman’s crude and Ural’s crude oil, the optimum mixing proportion and antifreezing agent
concentration are obtained. The throughput increasing schemes are determined, and the
optimization analysis for the operating schemes are made to the two mixing crude oils at

optimum mixing proportion and antifreezing agent concentration.

Key words: equivalent pipe diameter; the maximum of transportation capability;

throughput increasing scheme; running optimizing analysis
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1.1 RERHIRHFNBMEX

BELUR, RERmATVREEEREHE ARRKNERE, 83 2003 F&, &
H B AFE S 15915km, BRIBEHEA N 1.49X10%. BEEHOSHKE. 2%, K
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SE%ET, FEAXAFETRIMWE, TLEK 248.93%km. HEEFRHN 529mm, H
EHH 16Mn B FERAEMT, BES RN 7mm M1 8mm . S REKE TS 1 B, T,
R, H, BB, RMPRIHERG S B, RSME 1 B. FiEFRI TEES 4.2MPa,
SR W EE SR 1000 Hg,
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BSr&ARESHTRABFRESR, IFSAWTNHENES LAKHEDOEHM.

B iBELl)E, SRTALAREL. BR. Fi 3 EARW, KEBRIEBT,
IR REHmEE, KABEEETTA.

HFREELTENREEW, BEALEAKERERERK, GHRITREHEIFE
AR ENTEE, EoUERTKEN, REZRLETES (3.2MPa) RIRE, FE
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2.1 AFEZYEEHR

BFr&witEmmeeh 600 Jii, @i BHITIELS 3.9MPa, BEL 2K 251km.
BE. Kubsh, XEEBR, FHEMmEPEHRE, FiEX G mTFHnENEREE
WEEIRM IR E R, FTiERPXAEH BRAKER.

2.1.1 EFEBRERRSE

#21 RFAUEELRE
Table2-1 Distance & height deviation between stations in Huanggqi oil pipeline

o4& EEE (m) zhiaEE (km) 5E 7 (m®)
B8 24.1 85.698 18826
SEFFR | 6.5 82.236 18065
F— % 15.9 46.443 10203
) R—K i 116.9 45,700 10039

2.1.2 RFEFuhE Eibig Sh &R0

22 EFETERMTE

Table2-2 Main oil transportation facilities in Huanggi oil pipeline
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Re, = o _ 4x0.032 =3971 > 3000
zz'dvlpJ xx0.513x0.00002
Re. = _  4x0420 oo 010> 3000

™ " mdv,  &x0.513x0.00002

_ 595 _s95 Y _ s
Re, _—57’ (5.899x10~) 4.6839x10

3000 <Re,,, <Re,, <Re,, BEEEIHETKNINER, P =0.0246,m=025
2.2.2 HEEEAEZENTH

A ERAE AR ETE0EME M ERERMSBEEANR. WTHRIERE,
BEN A RENNAFHLAREEARHITHN, BX 2-3, SERUBETENRH
i la] b LA 2-1 2 2-3.

#1213 ARERREBRATHLAREHEAR

Table2-3 Monthly average equivalent inmer diameter of each segment in Huanggi oil pipeline

Hit | KB-88F&® B BE-HFAER AN IRER
1 A 0.50 0.50 0.48

2 H 0.48 0.48 0.48
3R 0.47 0.48 0.48
AR 0.49 0.50 048

5 H 0.48 0.48 0.47

6 H 0.43 041 0.48
7H 0.48 0.48 039

8 R 047 0.47 048
9 R 0.49 0.48 0.40
10 A 0.50 0.51 0.50
1A 0.49 049 0.49
12 H 0.50 051 041
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Fig2-1 Graph of annual average equivalent inner diameter of the segment between
Huangdao and Changyi
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Fig2-2 Graph of annual average equivalent inner diameter of the segment between
Changyi and Shouguang
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B23 FRHREERNFLREEANSE
Fig2-3 Graph of annual average equivalent inner diameter of the segment between
Shouguang and Guangrao
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. EEABRHS TS REHEENEHNE, KIS EARIZERETH, B =513mm.

BEHE, FERNBEKEGES N BE—LBRER 25372 7m'd. LR—FK
BB 26831.6m°d. FH—FrEAER 18868.8 m/d

BEMEFEENETROERRETH, TUEBEEA—FEARERNHER
1, HEK R/ MR T A DA 565.6 M/, IEAE] 600 J70E/AE i
HEX, YmXERANERnSEHNEESHE, Rl IBTER, Ak, Ft—
FEANERERFAWEBNEN, ERESLEMNRE LT ENFE—FEAGE
BETFHEBRNITE.

3.2 KRB ITHREFE T RSH

BFERRmOUE N £ EBITHERRENIESITHIDS T & 3-1.

NE3-1FRGHEL S, BBHEES. FAESENURSEME N HIKEF
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HS YGRS FME: 2.685MPa

G EHE ) PME: 2.07MPa
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2HEE: 17069vd
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Bk 3.2MPa: MEASHAEBHBERENERFAINEAAGTHESES, KR
BB Ekf b E R 2.07MPa, LT 3.2MPa BB S AHES.

B LB TEES RN UES, Ta&NLHFETSERITEEENHN, £
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F31 R-FERWEMAETNETRIBLTE

Table3-1 Operation parameters list of Huanggqi oil pipeline before increasing throughput

G E &bk F2 A
i . . . Wi
g | FH | RE | FA | RE | KA | RE W

(MPa) | (C) | (MPa) { (T) | (MPa) | ()

1 2.9 26 2.06 17 2.99 16.5 17221
2 2.69 27.6 2.04 17 3.03 17 17024
3 2.69 25.6 2.07 175 3.06 i7 17241
4 2.7 24 2.05 17.5 3.00 17 17153
5 2.69 26 2.09 18 3.05 16 17392
6 2.8 24.7 2.04 17 3.02 16 17240
7 2.63 20.7 2.04 17.1 3.02 18 16871
8 2.73 221 2.04 17.2 3.02 ] 17235
9 2.67 26 2.02 174 3.05 18 17928
10 2.61 255 2.08 18 3.1 18 16639
11 2.59 26.1 2.07 18.2 3.09 19 16457
12 2.67 29.2 2.09 18.8 3.04 18 16895
i3 2.72 2318 2.18 19.3 3.09 20.8 17096
14 2.71 259 2.11 191 3.01 20 16890
15 2.6 28.3 1.9 19.1 3.08 20 16867
16 2.66 28 2.1 194 3.08 20 16972
17 2.71 26.2 2.04 195 3.06 20 17005
18 2.76 263 2.15 1 3.02 11 17115
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A
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Table 3-1 Monthly average overall heat transfer coefficients of Huanggqi oil pipeline

H 1 2 3 4 5 6

BHEMER 1.77 3.00 2.22 3.01 1.17 3.19
H 5 7 8 9 10 11 12
BEBREH 2.73 278 2.54 3.68 2.77 1.92
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4.1 SkEMeE R SHIREHE

(1) #m=: 45°C.
(2) #RXFR

® 41 SRS
Tabled4-1 Viscosity of waxy crude oil

REC 65 60 56 54 52 50 48
T mPa.s | 35074221 [47.18 | 51.94 | 59.39 | 86.17 | 112.25
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Figd-1 Viscosity-temperature curve of waxy crude oil

@ ERSRER
BB 4-1 AFRN, AESEMBOATIE 2 56'C, RERAN 62T,

4.2 ¥ S S M EIEC L RS T 805 S SRS T
4.2.1 i FISHmA 1 2, Tl

(1) #&5: 30C,

(2) HBXR

a2 W FEEY 12 RN AR Y
Tabled4-2 Viscosity of waxy crude and Oman's oil mixture (voluminal ratie is 1:2) without
antifreezing agent

R 55 54 52 49 45 40 38

HfE mPa.s 18.31 18.52 19.04 20.68 22.44 25.65 31.24

iR 4-2 TR,
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Figd-2 Viscosity-temperature curve of waxy crude and Oman’s oil mixture (voluminal ratio is
1:2) without antifreezing agent

(3) Mtk ERES

A 4-2 74N, SEAE: PIEMEA 1. 28, EAMMRMET, VEA4H 52T, &
S Y54 40°C,
4.2 2%85M. FISHA 1: 2, 50 BEM-bN B&EE3 50ppm

33T PRI %, BEM-DN FEEER R A R AFHPE £ R (DA 50ppm (] BEM-Q F&#ET
K& =R 20°C, MANA 50ppm ) BEM-bN PFEEFIE 4R % 15°C), %A BEM-bN Rkt
BATRR, H%R MK 50ppm.

(1) #5: 8C.

(2) #RXFR

E43 i FBMA 2. MARKE Soppm BB ERE
Tabled-3 Viscosity of waxy crude and Oman’s oil mixture (voluminal ratio is 1:2) with 50ppm
antifreezing agent

#wE, C 60 55 50 45 40 5 30

K, mPa.s| 13.17 14.136 15.24 17.931 21.17 24.48 45.09

#E, C 25 20 15 12 10 8 /

KIE, mPa.s | 34.62 48.35 65.67 111.77 141.23 166.76 /
i A 4-3 R,
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Viscosity(mPa+ s)
g
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Temperature (C)
B 43 G F8MA 1.2, WANKA Soppm B KRG H 2%

Fig4-3 Viscosity-temperature curve of waxy crude and Oman’s oil mixture (voluminal ratio is
1:2) with S0ppm antifreezing agent

() Vi ESERES
tHEE) 4-3 AT 4n, A& BIBch 1o 2. HSEKEE S0ppm BT AOATIE 200 35°C, R
BEAITC,
4.2.3 5. FSihA 1. 2, 5N BEM-bN PEEEF 40ppm
BT A BEM-bN %] 50ppm BABIGHIMEENE, ST A E % 40ppm 1
(1) ¥5: 10C,
(2) ¥BXR

Faq M FTEMN 12, MFAKE 40ppm B RS BIR
Table4-4 Viscosity of waxy crude and Oman’s oil mixture (voluminal ratio is 1:2) with 40ppm
antifreezing agent

?F‘ d
méﬂ 55 50 45 40 35 30 25 20 18 16 14 12 10 8
B
1151130142 17.1121.3124.1 137715131607 (646)753]863|975]| 1116
mPa.s
iR 4k inPE 4-4 BYR.
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Viscosity(mPa.s)
8
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10 T T Y T T v T r T v 1
5 10 15 20 25 X ¥ 40 45 BO 55 60

Temperature(’C)
B 4d bE: FTSMN 1:2, MFKRE 40ppm B FIEE dh£R

Fig4-4 Viscosity-temperature curve of waxy crude and Oman’s oil mixture (veluminal ratio is
1:2) with 40ppm antifreezing agent

Q) MEAERE R

P 4-4 TT50, KEh: PTEIY 1: 2. MOFIAE 40ppm BTRUMTES AU A 35°C, R
wRAH 18T,

AT IHRBEFIMFEE, FABEHRITT MA BEM-bN FFEF| 30ppm KL,
IEEL R 29C, CAREHSEENER, REFHITIEPMFIKE R,
4.2 4 %5 PI2A1: 1.5, FnH

() & 29C,

(FERXFR

#®as s MM 1:1.5 AN PRE KT

Table4-5 Viscosity of waxy crude and Oman’s oil mixture (voluminal ratio is 1:1.5) without
antifreezing agent

RETC 60 55 50 45 40 36 34
Y mPa.s 12.0 13.1 14.4 16.1 19.5 22.1 25.7
R LR P 4-5 FioR:
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Figd-5 Viscosity-temperature curve of waxy crude and Oman’s oil mixture (voluminal ratio is
1:1.5) without antifreezing agent

O IaERERA

tHE 4-5 o4, dEm: FI8MA 1. 1.5 AInFeTaIaras s 2% 55°C, RESN 40
C.
4.2.5 w:h. BMSMA 1: 1.5, 50 BEM-bN BEEEF 50ppm

(1) . 26C.

(2) HEXAR

K46 MG FI8MK% 1:1.5. MAKE Soppm B A5 E X8
Table4-6 Viscosity of waxy crude and Oman’s oil mixture (voluminal ratio is 1:1.5) with
50ppm antifreezing agent

RET 60 55 52 50 48 45 42 40 38
H5AF Pa . s 11.45)12.20 1 13.17 | 13.72 [ 14.21 | 16.07 | 17.79 | 18.69 | 19.93

RET 36 34 32 30 28 26 24 22 20
BiE wPa . s 24.20( 28.55135.04 | 41.25 | 48.77 | 53.19 | 59. 46 | 65. 61 | 72. 64
KiH ek i 4-6 Fios:
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H 46 ¥ FBHED 1:1.5. MFBKE Soppm H KR di 4
Figd-6 Viscosity-temperature curve of waxy crude and Oman’s oil mixture (voluminal ratio is
1:1.5) with S0ppm antifreczing agent

) M EERES

B 4-6 AN, #Evh. BRI 1. LS. MOFIKEE SOppm BT AINEE S 4% 48°C,
RE SR IBC. LT . MR AIR ZE AR RN R, B R
PI@m 1: L5 MthFliRXEN, YR SEER 4 CLEEN, FTESTHERTAEEMH
LR E, YELERHNTEE-ERERE.
4.2.6 #5:d: ML 1. 1, FhA

(1) ¥ 5: 36C.

(2) HiEXFR

F 47T M FBH 11 AR SRR SR
Tabled-7 Viscosity of waxy crude and Oman’s oil mixture (voluminal ratio is 1:1) without
antifreezing agent

RIEC 60 55 50 45 40 38 36 34 32
B mPa.s | 159 | 166 | 178 | 203 | 257 | 342 | 457 | 65.9 | 106.8

Fhill ok Rk anE 4-7 R
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Viscosity(mP a.s)

3 Vs E5RES

100
90

80
70
60
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40
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30 35 40 45 50 o5 60

Temperature(°C)

47 Sk FISHN 1 1 RinFe R R dhek

Figd-7 Viscosity-temperature curve of waxy erude and Oman’s oil mixture (voluminal ratio is 1:1)

without antifreezing agent

P 4-7 OT4D, &4 BUB0H 1. | AR EE A4 R 50°C, RE RLH 42

C,

4.2.7 Bl FSHA 1: 1, 0 BEM-bN f&EF] 50ppm
(1) #ks5: 28C.,

(2) K K&

F48 KGh: BTSN 1 1. MFHRE S0ppm B TSR B8

Table4-8 Viscosity of waxy crude and Oman’s oil mixture (voluminal ratio is 1:1) with 50ppm

antifreezing agent

mEC

55 50 45 40

35

30

¥E mPa.s

130 14.1 15.7 18.7

21.9

27.8

kiR shsk infE 4—8 FroR.
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4-8 MEuh: FTEMA 11, WA Soppm B FIKGE thk
Figd-8 Viscosity-temperature curve of waxy crude and Oman’s oil mixture (voluminal ratio is
1:1) with 50ppm antifreezing agent

Q) HEASRE &

tHPE 4-8 AT4n, K. BI@dhoh 1 1. MFAIKE SOppm BYHIHTES 200 50C, &
B AR BT ke M. FFEFIXTIAEC KRR R R A RS, Bk K e, 6
S2ih 1 LNEPREERT —ErT ek,
4.2.8 &t

RExIEm S SMARBES LANATENES R, TLBUUTER:

(1) SfFebm: FSEA5HN 1: 2. 1: 15 H 1 [ ZFBEEHE, miegs
ME9CUL, FHRFEET2EENER, FEXRMAHIE.

(2) Bitx F PRGN BB R LS, BEM-DN RAERFRRBEAE, BEiX
Fl BEM-bN F&#&E7.

(3) @i =MELLRAMNFIBER THRESNESE R, Reem: MEmy 1.
2604 HA B FRIRBRENE, THERSREMEKR, FI@ECRASMH. MEmk 1.
2 fIEE B, BAEFIWAE A 40ppm.

Fe9 BFHEMERS. HESRRER

Table4-9 Freezing point, wax appearance point and anomalistic point of each crude oil sample

- ot . i

et MR 50ppm IR e 40ppm
AT 45 56 52
Wl B 2 30 52 40 3 35 17 10 35 18
wliith: B2 02 15 29 55 40 26 48 38
k. BTE M. 1 36 50 42 28 50 35
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PEAIAT ER) TR

4) HTHERGESHMTE S8, AT FRIEERMFBRENE, #Hhsemi
S8, RUCEE A S RnnE 0CL FERFHRHEMES, RIEMA 40ppm
#) BEM-bN P& FIS AT IE.

(5) SRR S, ISR ERILEERENLE 49,

43 M E SR RIMAREILEY TREE SHBHEY
4.3.1 ¥l SHRREH 1. 2, I
(1) #&&: 31C.
(2) HRXFR
#F 410 W SEURA 122 Bt kbR R

Table4-10 Viscosity of waxy crude and Ural’s oil mixture (voluminal ratio is 1:2) without
antifreezing agent

g C 60 55 50 48 45 43 40 38
B mPa.s | 1137 | 1186 | 13.17 | 1358 | 1379 | 1565 | 17.03 | 1800
iRAE,C 36 34 32 30 28
HWAL,mPa .s | 18.90 | 2068 | 22.41 | 83.55 | 12633

¥ th2k an ] 4-10 iR,

[ ]
ol \
| .

~

w 4

©

[al

E
S’

-

)
-

2 .

U e

7] .\'._,-__-
-yt —
-

N
k\'_-__-.
10 T — Y T T T T —
25 3 3 4 45 50 55 60 6
Temperature ('C)

4-10 KEH: SRR 1:2 AR kRt
Figd-10 Viscosity-temperature curve of waxy erude and Ural’s oil mixture (voluminal ratio is 1:2)
without antifreezing agent

O ESSRES

HiFE 4-10 °T40, W87 SHUREA 1 28, TINFIRHTINESLR45C, &
LA 32T,

4.3.2 ¥id. SRR 1. 2, Hn BEM-bN F&EEF 50ppm
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FNE SRR, SEROAREREEN FRREETR

M PR AR RIRE . BEM-bN FREE A F R MR ENE (A S0ppm i BEM-Q [
B Ak 5 16°C, MIAIA SOppm B9 BEM-bN BEEEFIBT A S0 5°C), &% A BEM-bN
PRAFSTER, HRLRMFKE SOppm.

(1) #m=. 5C,

(2) HBXF

411 fah: SRURME 1:2. MARE Soppm A KRB KB
Tabled-11 Viscosity of waxy erude and Ural’s oil mixture (voluminal ratio is 1:2) with S0ppm
antifreezing agent

IEC 60 55 50 45 40 35 33 30
WiffmPa.s | 11.24 | 12204 | 1324 | 147 | 169 | 1966 | 22.76 | 26.69
WEC 25 20 15
HiffmPa.s | 33.52 79.55 197.2

gk anE 4-11 FR.

=
=1
<

P M

Viscosity(mPa s+ s)

-\.\
.._____.
10 ¥ r—— T -— T T —_
10 20 ko] 40 30 a0
. Temperature ('C)

411 Em: SH/RN 1:2, MAKE Soppm B AGRSR 4R
Figd4-11  Viscosity-temperature curve of waxy crude and Ural’s oil mixture (voluminal ratio is 1:2)
with S0ppm antifreezing agent

Q) IESERES

tHE 4-11 ATEn, E5ih: S%U/R5B 1. 2. IORUAKAE SOppm B AIATES 294 35C, K
H5H524C,
4.3.3 $hih: B3I/RiMA 1. 2, 0 BEM-bN f5 %) 40ppm

tHF A BEM-bN B4 50ppm R4 6% 5T 6 B8R, S AT IR FUHBE 5 40ppm
ki .

(1) B 8C.

(2) HiEXE

)



hEA AT (ELD VR R X

£ 412 M SRR 1:20 DOFIREE 40ppm B BORGIR S8
Tabled-12 Viscosity of waxy crude and Ural’s oil mixture (voluminal ratio is 1:2) with 40ppm
antifreezing agent

RS o 60 55 50 45 40 35 30 28 26 24 2 18
Wi, mPa. s | 1124 | 1051 | 13.24 | 13.86 | 18.62 | 21.24 | 24.82 | 28.21 | 37.45 | 57.18 | 96.66 | 182.91

iR s mE 4-12 FroR.
I '\
. 100 \
o
ol H]
g \
> \
- Y
o
% \-\'\
2 .
—\.‘\. .
A
Temperature('C)

B 412 W SRR 122, MFREKE 40ppm i A ETIR fhLk
Fig4-12 Viscosity-temperature curve of waxy crude and Ural’s oil mixture (voluminal ratio is 1:2)
with 40ppm antifreezing agent

G) MBS ERES
HiPE 4-12 140, 4Eih: SRR 1: 2. MFKEE 40ppm B RINTEE S 254 45°C,
RESH25C.
4.3.4 #il: SR/RHAA T 1.5, TmyY
(1) &G 32°C,
(2) HRKER
FA-13 MW SRR 105 AR AR E A

Table4-13 Viscosity of waxy crude and Ural’s oil mixture (voluminal ratio is 1:1.5) without
antifreezing agent

T 60 55 50 45 43 40 38
2 mPa.s 10.89 11.24 12.89 14.00 15.86 17.66 18.97
YT 36 34 32
¥ mPa . s 20.68 23.93 137.09

R 4-13 FiR.
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4-13  KEMh: SERMOE 1:1LS R ARSE g
Fig4-13 Viscosity-temperature curve of waxy crude and Ural’s oil mixture (voluminal ratio is 1:1.5)
without antifreezing agent

3) Vs 5 R =

HHPE 4-13 TT4m, dSih: SH/RM 1. LS et fATis S48 45°C, REASHA
34°C,
4.3.5 8. SE/RMA 1. 1.5, hn BEM-bN B 50ppm

(D) BE: 14C.

(2) HiRXF

414 Mah: SR/RMA LS. AR S0ppm B KB HE
Table4-14  Viscosity of waxy crude and Ural’s oil mixture (voluminal ratio is 1:1.5) with 50ppm
antifreezing agent
Rec 60 55 50 45 40 a5 30 28 25
WmPa.s | 1262 | 1345 | 1455 | 1690 | 1945 | 24.24 | 28.00 | 3559 | 47.46
RE.C 20 18 i6 14
K, mPa.s | 7541 | 9169 | 1055 | 1559

FhiG 4 an P 4-14 FToR:
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u
100 a

s)
e

Viscosity (mPa *

\'\.
\.\
N
10 M L T T v L d T T T
10 20 30 40 50 60
Temperature ('C)

4-14 S SERMN 1:1.5. MFIRE S0ppm B AR E dhek
Fig4-14 Viscosity-temperature curve of waxy crude and Ural’s oil mixture (voluminal ratio is 1:1.5)
with 50ppm antifreezing agent

() VR EREA

HifE 4-14 TT40, $E: B30RMA 1 LS. AR SOppm ATROHTEE f4 %R 32°C,
RE "R 20°C.
4.3.6 S&h: SI/RA 1. 1.5, H0 BEM-bN BE:EEF 40ppm

(1) #ks: 19C.

(2) BHRXR

F4-15 &l SRRMA 1:1.5, TR 40ppm B AIRR I8
Table4-15 Viscosity of waxy crude and Ural’s oil mixfure {voluminal ratio is 1:1.5) with 40ppm
antifreezing agent

REC 60 55 50 45 40 5 30 28 26

Y¥iE mPa. s 1096 | 11.65 | 13.72 15.72 18.48 | 25.58 | 34.90 | 40.50 | 46.42

A 24 22 20 18

M mPa.s | 5331 | 6932 | 86.31 | 106.25

HiRtheem @ 4-15 Frw.
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415 MEd: SRURMD LS. MAKEE 40ppm B A9HIE ik
Figd-15 Viscosity-temperature curve of waxy crude and Ural’s oil mixture (veluminal ratio is 1:1.5)
with 40ppm antifreezing agent

Q) HiEEERER

P 4-15 740, B SR/RMECE 1 LS. I0FNKE 40ppm B HIHTEE S 2004 40
T, RESLN 26C.
4.3.7 ¥ S3RHEA 1 1, TmFl

(1) & 35C.

(2) HiBXR

%416 KEH: SBUREH 11 MR OREEE

Table4-16 Viscosity of waxy crude and Ural’s oil mixture (voluminal ratio is 1:1) without

antifreezing agent
REC 60 55 50 45 42 40 g 36 34
g
p 14.07 15.72 17.72 18.80 23.58 25.51 29.72 56.28 79.27
mra . s

HMiE H L mE 4-16 FiR.
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Fig4-16 Viscosity-temperature curve of waxy crude and Ural’s oil mixture (voluminal ratio is 1:1)

Q) TERERER

without antifreezing agent

A 4-16 7740, KEW: SHRURMWMA 1 | NIFIRTHE S4 % 45T, REAN

36°C.

4.3.8 ¥h: Shi/RilH 1: 1, Ho BEM-bN B&E 7] 50ppm

(2) #BEXF

® 417 ¥ SRORMS 1. MABKRE S0ppm K AER KR

Table4-17 Viscosity of waxy crude and Ural’s oil mixture (voluminal ratio is 1:1) with 50ppm

antifreezing agent

mgc 60 55 52 50 45 40 38 36 34
M -
1400 | 1448 | 1545 | 17.64 | 20.75 | 2476 | 2696 | 29.03 | 36.49
mPa . s
REC 32 30 28
FLE
4325 | 5381 65.87
mPa . s
FE i 4-17 Frow.

29




FOE bk R, Sacn SRR AN N RREHITA

76 ]
€0 o \
50
fa 40 ] \.
. \
@ \
L‘.l.E.. 30 4 .\-\
SR
a 204 \'
oS \.
G N
= D
10 T 1 T T T T ¥ T T T . 1
25 30 35 40 45 50 55 60 85
Temperature ('C)

B 417 b, BRREN 1:1, IDFRRIE S0ppm B R %
Fig4-17 Viscosity-temperature curve of waxy crude and Ural’s oil mixture (voluminal ratie is 1:1)
with S0ppm antifreezing agent

Q) VA ERES

HE 4-17 o140, dSmh. Sa/RMR 1 1. AWK SOppm FTAOHTEE S4 4 52°C,
RHE EL R 36°C,

4.3.9 &t

RIEXSEHE &R R A RRS AN REENESR, TUBEBLT4ER:

() #HFidml: SR/RMaRA 1 20 1 LS H 1 | ZRESRG, e
SEEIC E, Rl eeMENER, FEXBMFIHIE.

(2) @it AR PR RIS, BEM-DN BRI MBERR, Bk
Fi BEM-bN [E#EF,

() B =MELLBSHMABRTHRATHNESER, k. SR/AREAI1: 2
Ml 1 SHBATFRIMMEENR, THESSREMNER, BHBIKAER: S
RS 1.5~1: 2 BIELFINAEIE, MAHEL A 40~50ppm.

(4) BT e ST SRR, AT HRIERRER R MRS R, s SRR
BEF, BUCKEHN SR /KRB NNE 0CLALBHERBMIAMRS, REMA
40~50ppm ) BEM-bN B RIMINE .

(5) EHRLAENGES. MEAARELLBERLE 4-18.
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K418 BHMBAES. FEARRE X

Table4-18 Freezing point, wax appearance point and anomalistic point of each crude oil sample

, Mt

. LI : _

i WK EE soppm MRS 40ppm

BEen | Hri el | BUTR A | RE Wl | R | sl | RS

ol 45 56 52
i gt 2 3 45 32 5 35 24 8 45 25
i SRl 15| 32 45 34 14 32 20 9 40 26
0 PGS 314 P 35 45 36 28 52 36
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PhE Lk, SRsmESMENSGET R

FRE HHENEM. SHRBERERRE

T &R MR ERHEEH S5 B RS RNERSmA MR ENRE, &
S, YA MR R R AR R ST B MEK S SR MBI SR A E . A T MK
BUSRIILTE, A REEMA. MAFIE R b R Bl O e iE, REEHEP
Bl ik MBI ERIRE TR -

51 BEEMANEKNHE

5.1 BAHELAR

T, = (T, +b)+ [T, —(T, + &)
_ KrD

Ge
bt

ca

a

2-m m
. v
i=p —Qd r

Ad: G—MEBFTBTRE, ke/s:

: 1
— MBLATK, JkgT), c=——(1687+3.397, )

’d;j r
4’ @y 15CHMLE;

T— sk FHRE, T, Tﬂ}=%TR+.§_TZ

D—EiEITHME, m;
Lp——ikife]ER, m;

TR E, C;

T—iff kiR fE, C;
T——EEHLEEL SR E, C;
——EEK R, HRTEISRE T .

5.1.2 KA+ HAR

U z orv" ;
-M&mh%:m=ﬁggfh(mm&)

MRS : H, =hy+H +AZ (m ML)
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FENBAE () I BEHFREX

A LR——HrHJEE, m;
H——T—i#utEH, m;
AZ —ikBlFmEE, m;
B. m—S5HRAHXNHBH.
TAHIR: FFH ke F B8 T M5 W H Re XHE A& AT A K H) -
Zif: Re<2000
IIEH: 2000<Re<3000
ZHHAEK: 3000<Re<Re
BB ESEEX: Re<Re<Re;
EiRifHBEX : Re>Re;

Re = 49
mdv

Re,=59.7/e%
Re, =(665-7651g¢)/e
£=2e/d
AF: d—EFEARR, m
WRIEFME, m’/s:
O——BHRE, mls, 0=G/p,;
EHEEAXTAKE, m, I0.1mm
p, — IR MTE LIRS FTHEE, kgm’;
pr=pp~¢£(T-20), £=1825-1.315x10"p,
AP pr——RED THHOERTFE, ke/m’;
P [ 20°CH IR .
25 E, 7 600 HM/FHRET, EERHIR FEWRARKINER, L
m=0.25, 8 = 00246 .

v

e

5.2 iSRRG HIZEM SR
5.2.1 s &R & MmMBR MAHGH AR

i EE M E T 4nss i SRS mETRERN 1 2, KR AEMESH 30C,
BEEL R 52°C, RESLN 40T,

EHmMAEEHTR, WES. 2. HrdmBRNY 60C. BiEARANFAAL
CREMER, B 2.565 Wim*'C, SEMMBEA p v20=908.2kg/m’, B BHMEE p wy
20=858.4 keg/m’, 20CEFRAMBEN p u2=875 ke/m’, HEBHNE 5-1.
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Table5-1 Distance & height deviation between stations and annusl minimusm month average

%51 HFLHEE. RERSERMAFHE

groungd temperature in Huangqi oil pipeline

£ HEAAE (m) g (km) | SEREHFHBR, C
WE—EE 24.1 85.698 24.1
B&E—Fn 6.5 82.236 8.95
) 1R 15.9 46.443 9.13
)R 116.9 45.700 9.13

WaHE: AR, BB, FHumAENRE 60'Clis.

BT &b BHATHER MK N SRAE, EREA PR, 7E 600 JW/ER
fEOLT, &b B ok AN S R 5-2.

F 52 EMFRBARMMAEE T RESETEH

TableS-2 Operation parameters of stations when pipelining waxy erude and Oman’s oil mixture for

heating throughput increasing scheme

LS 4156 5F. 77 MPa di s it 'C ik ik °C
Jigic) 2.51 60 /
=y 2.23 60 293
i 3.64 60 30
Kik / / 28.1

WK 52 ATLLE B, 7E 600 /SRt A b if i vs [L #Eid T 3.2MPa M1 K & HIIE
THESL CEERERXGEEEAET 3.2MPa Ek, FEHRFRENLERER
EB0CLA L), ERuSprsitBRATRTRMMAES, FTRALELBHENE
k. MA=MEHFMH, BEEEKX, WEHEIRLKITHME DX,

5.2.2 S5 2 RE MEMFILHAR

S hpe & /R & M E) R EMRK A 1. 2, 0 BEM-bN 47 40ppm FHEE S % 10C, #r
g2 h 35°C, RESRI8C.
Wi AR BEREGMMET 60T, HKEMA 40ppm () BEM-bN RFAER, HAthdA

i x & BT IHRK D EROHE, ERIEA TR, KHASEEN

A, B A mneI xR, 7 600 HFM/EMBRT, ST Bk IE A iR
& WFE S 3.
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53 EHFERASMENNNEHIERZUEBITEN
Table5-3 QOperation parameters of stations when pipelining waxy crude and Oman’s oil mixture for
adding antifreezing agent throughput increasing seheme in initial station

WA W3 77 MPa HiE7 =N i C
" 2.26 60 /

=Y=) 2.56 29.3 29.3
FH 4.24 17.7 17.7
ARG { / 13.2

R 53 AES, LB 600 Hy/E, ¥ HIEREN 60CH, KibifkiRE
X 132°C, MRBTEEA 32C, AIHERe4AEXR, BELEHEEIEE
424MPa, B TEiE 3.2MPa MR ETIEE . B, B3 600 i/ EHME, ©F
KR H M.

5.2.3 BB RS ME SRR NFIERSE

TN & B Eub I M E ARG S MATER, FRULE R Sy ik
BIm#inFiim G F.

Wil . HEME N EEMEGE 60°C, #5MA 40ppm ) BEM-bN Rkt
#l, BB,

B HE, 7600 I/ EMBERT, Bk L W akEE R 5-4.

K54 MF SRS ESFAELN AR XL BTSN

Table5-4 Operation parameters of stations when pipelining waxy crude and Oman’s oil mixture for
adding antifreezing agent throughput increasing scheme in initial and Shouguang station

W Hi#5 77 MPa Wiz C # R C
B 226 60 /

=¥} 2.56 29.3 29.3
7t 3.44 60 7.7
Kk / / 28

g 5-4 TJ40, 4FRJ7 RN ARER L F 680 3 ik 5 ST 3.2MPa BIESK, AR
FRAEMAITHRA S L.

5.2.4 MM SRS HEWMMAI S IREMRIERA R

BRAE: ERDERERAMAI 60C, REMA 40ppm F) BEM-bN FR&EH|,
BET b mamR .
MTEMAR, LSRR R ME W E LK 5-5.
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FRE SnSREH. SRCHESHENET R

%55 EHERRAMEWNR, FERINEMR/TRRUENSITER
Table5-5 Operation parameters of stations when pipelining waxy crude and Oman’s oil mixture for
throughput increasing scheme by adding antifreezing agent in initial station and adding pumps in
Guangrao station

e R MPa U g iR C iR T
gy 226 60 /

BE 2.56 29.3 29.3
A 1.67 17.7 17.7
e 257 14.8 14.8
Ak / / 13.2

& 5-5 TH, EFREMROFLT, EHGa0dHsENEN TERNZLSHET
ARBEERREER, ErJLH— PRI RAERENRERGE. 208, KL
EARFHELNRLSIALS 3.2MPa, BFEZIMEEEDTIREE 7016 HMyE,
W F b BT BB K 5-6.

# 56 HFRERRN 7016 AW/ ENNEWHETEY

Table5-6 Operation parameters of Huangqi oil pipeline (Its throughput is 7,016,000t/a) when
pipelining waxy crude and Oman'’s oil mixture

w4 Hi ¥4 k. 71 MPa i3k C Bk i °C
W 2.86 60 /

=1 32 325 32.5
£ 2.11 20.7 20.7
IR 298 17.4 17.4
Ak / / 15.3

5.2.5 BhM 2 RS ML

(1) XFiEu: FI&MA 1: 20EAM, BEFENEEH TN ERASYEIEEEM
M4 60°C, FINA 40ppm #Y BEM-bN PEREEF, H& s, [FK 72 ik in
WE. EREN 600 Jiud/gE 5t & ul B4 ik I h A 483d 2.57MPa,

(2) HEHEBHNHESGENRSIETRNEE TIEL S 3.2MPa, BEFEHEMAED
A& E] 701.6 I/,

5.3 Bl SR RIBAMMEAE
5.3.1 $M SRR EHMMATIH NG R

S IO EE AT 4eE v SRR IB S B BAEMC L 3 1. 2, FnFI& 4TRSS 31°C,
Vs G274 45C, RESAN 32C. FAMBEE, HabmEN 60C, FEIERER
$UH 2. 565 WHm™'C)o 8 BT HE 4 pn20=908.2kg/m®, BHIRIE IE puw20=878.4 kg/m’,
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0CHBESHMTEEH p ux=888.3 kg/m’,
ZigH & ik e A SR AWE, ERRA IR, RERAS. AB.
Fiuhin#, & 600 HUl/FE/MERT, REMFHELEAFAEE SRR LR 57,

& 57 Ml EHRBESEMAT MAEE T REWEET SR
TableS-7 QOperation parameters of stations when pipelining waxy crude and Ural’s oil mixture for
heating throughput increasing scheme without antifreezing agent

%, L3 FRAMPa | MR C | @MERT |
o) 225 60 /

B 2.02 60 29.2

Eazn 3.35 60 30

ik / / 28

W% 5-7 AJLLEH, 7E 600 N/ ER FF b i s Ik /388t T 3.2MPa R 2 RiiX
THESH, BE&MESMESRTRBABES THELTLHENERX, MA=
Ay, MEERER, MEFEIELF TSR AE.

5.3.2 $EMSHURBEMEMMANEM AR

bR f RIBSMEIRERCLEY 1: 2, b BEM-bN BREEH 50ppm B S % 8°C, #T
AR 45T, REAN 25TC.

WEAR. HibinAE 60°C, RSN 40ppm f] BEM-bN (& &EF], EAuE R,

B33} & uf AT AWK N S5, KA FHRIRR, 7 600 J7/FER)
BRT, SWpE bk MR NE S-8.

%58 MMSRREAMENMRESTREHETEH
Table5-8 Operation parameters of stations when pipelining waxy crude and Urak’s oil mixture for
adding antifreezing agent throughput increasing scheme in initial station

WA 3577 MPa Lk ik C itk C
gl 2.3 60 /

Y= 3.18 292 29.2
7t 5.15 179 17.9
Kk / / 13.6

& 5-8 ATLLE W, MSHEN 600 HM/E. RB SR H 60T, AubifiBE
BEE 13.6C, INARETHRE A 8.6°C, AR RAEEFER, EF M HEE DA
5.15MPa, B Fi5i8 3.2MPa S T{EL . Bk, B 600 JUH/EMNHE, &F
KB E AR
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5.3.3 HimGH RBERMEUSFABMILHAR

U 3 B S IR INAE R RS S8 Bk, FFLIERE S ILMAELE
BnskinFie s E.

W R EH SRS SR BINAE 60°C, KGMA 40ppm () BEM-bN B4
i, BB mt,

WititE, 7E 600 FR/EMERT, BGETE LT AR HEERE RE 5-9.

%59 B EREASMEERGEE M ST REEETEH

Table5-9 Operation parameters of stations when pipelining waxy crude and Ural’s oil mixture for
adding antifreezing agent throughput increasing scheme in initial and Shouguang station

564, WAy MPa | IR C i il
B 2.3 60 /
E& 3.18 292 292
K 3.44 60 17.9
Kik / / 28

& 5-0 TT4&0, SM A RINBAEER LR ek s n DT 3.2MP2 MR, #{
RAREHKMITHIRB T E.

5.3.4 S H /RESHBEEMNS HNRERAR

WEFE, FEBEEEAMNE 60°C, SREMA 40ppm I BEM-bN B 7,
R Rkt niamE .
HFiEMHAR, LB MM ESREREHSEIENRE S-10.

510 HHIP/RBEAMESMA. ITRENENRTREENETS2R
Table5-10 OQperation parameters of stations when pipelining waxy crude and Ural’s oil mixture for
throughput increasing scheme by adding antifreezing agent in initial station and adding pumps in
Guangrag station

b L35 E 5 MPa HishmiRC BRI C
g 23 60 /
=Y 3.18 29.2 29.2
5, A 2.08 17.9 179
) 2.99 15.1 15.1
A / / 13.5

& 5-10 T4, EFREMRAELT, FbERHETRDHEY TERNZERE
ENRREEHEER, ETLU#—-PELRSESELNRE X RE. 21 H, HHUSE
AREMEKNRETEES, RFEMHMEE T TRAE] 650 7/, dhitE AME
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EA

THHAE 5-11.

511 RFREDEH 7016 ARIENBEBETSH
TableS-11 Operation parameters of Huangqt oil pipeline (Its throughput is 7,016,000t/a) when
pipelining waxy crude and Ural’s oil mixture

w4, il % 71 MPa i iR C B ARC
s 2.55 60 /
Eg 2.99 30.9 309
#Fi 2.21 19.2 19.2
Vi 3.2 16.2 16.2
Rk / / 14.5

5.3.5 SR RIRSHMIERAL

() FFigm: SHABRAS 1 2HBEH, ARENERFRL: ERSEEEE
MINAE 60°C, FHINA 40ppm K BEM-bN BEAEHR[, FEub b, FISTES Gikim
WHR. RN 600 )70/ B ik i ik A 3.18MPa.

(2) EHIFREHHEE N IRS B ERFZ 2T 3.2MPa, AFKABHEN
HI {22 2 650 T/,

5.4 I EibiaHRIEE

RIE A E2ET A4, T REIEMH M8 RAM, S IRIRAMH,
BRATHM R T R HE S mmel, REEnml Ry R, EFEEEr
REHHMENESHEH.

iR AL H T E R E R R 8 R K haE ok B) 701.6 HW/AE, Miki%
MBI IEE S 32MPa ik T R BB ER.

ZUEERERRWEN 9548m’/h, FEE Bk EAHITL N 350m, BT ER
KEEA, EER-FlAd M KDYS50-117x3 BE (FUEHEE N 550m’/h, HIEHZH
351m) 2 &, KDY370-117x3 BE (HEHEH 370m’h, HEHiEh 35im) 1 8,
Hep 1 E&H. 71 8 KDYSS0-117x3 HEM 1 & KDY370-117x3 HEEHEHLEKX
WMEBHEXK.
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FRE EFLEMUEITHRR

6.1 RinEEALE

ol B & PR GEER 2 X R B ALEAT S v UM B R AR . R RS %M
HER M ] & BAMEALBAT R KB, itk BT SHMRGHALET TAESHH
Ref, JSREHER, AMESSTREGHERERN S L.

6.1.1 REGHEIHL

HF—%BITFHAREL, BWALETHENSETIHUTZE:

() FAZE: IRSPRBESTTFIALUANBENSE. nELEE. TE2H0
heke Jagi: et

(2) BRABE: XEBHRBACTPRAUETETER I INEEAEBHEAE
B, METMEMNELINEMEA., TROKMNEERRR. TENALRED. &N
KEBAREES. Rl hnRE.

(3) BEEZH: XESHEEME XS HNTURMELHSE. miEmE TR
BmHE, FENHE, MHRNARELFMENRBHRTRE, BESmENE
BEMEREEEAME. TREEERL. BEVHANRE. MPONERENARIZE
%,
6.1.2 RIGHIER 27

WL B2, E—RSHERAUALBTE), Bl ol LHEH LS TR EIR
KLE, B, —XRSHNREZWRURITNELRSY, HEHREHFHLAR TERSE
Z. ZEBH.

(1) BREH

REZHABHBS, —EFTLIAGTRENG XHEIINEH, nERMA
EgEN. BRKENGEST AR TN P E3], Belmfz) HMmREaTLIAE X5
B3 H—HI R nELn SEAREENFEMG LFRETREETE A R
B.

® F&DOBEL SAMB L E

HERBRBERZWMABITRITARBEES —, A EN BT KA LA
FEPLBHELOMBAKE, 82 LMMRERE, TRARMTRN BB TEA
HitHE.

@ HEpENERNEE

BHRBRMERTENBEARRTRIBETSRREXRB. ATHREXBHNE
R RITE b AR bR tE i, (ERENLIR 2 A BIB /b, ROSTRT o] K Bvh ik

Q2 BEZH
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ERSHMCE T ELMF LR En, FHER M _Fikd TR, A
5 512 ¥ i & ok R

O WmEEETE

WHREE A ERAE H=A—B0 " MR, XF A4, B ARARSFH R, THRIE
R HHAR D ZRELAKRE, m R SRS ROBE, X TRKANBE, m=025,

@ BRih#hiE Rk AR

B E X R KA KR

a+bT

T>Tg, =€
T<T<Tgq, p=e™™”
T<T;, po=ky"

k=ae™

n=a, +bT+c,T’

HP: Tsn LAANAEMTEEARES. T ARMRE: u BRME) K,
ais b my by a3 by AR n ABRMRAERER. K AFRERE. TR RA AR
ESUE=E 320 = Gt 27 3m S ECE N

Q@ RmtbHh-RER R

Rt - BESXRFA DT AR

T>Ts, C= I—093(1 618+3.39x107°T)

Ve
T<Tgy, C=4186—Ae™ _

A CHREmME®, BRI/ kT THRMBGIE, BAHC, 47 HREME 15
CREMEXERE.
6.2 AR ITRFEE

(1) BREFEZREFIER

AFLm B T E R ITFRAE, T CUERCE 36 Btk iR 7. (=1~-n R RRHE £
BEITHRAZER IPi=1~n, j=l~mEARFEEE, Wit 0 ~EMEMHT, T IP,
—HHE, MEKDIEME Hp. SEHISES. B A RBE #HBRBET .

(2) BiREBmi%kRE

AR URREERR BN, SAMEHREFAENDRES. BREERE

8=8,+5z
Af: S—2HBEEHETR, TMET XK,
S——2HRE N, TAET K
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FNE BHEEEITIIR

S—EZEAREA, JTET X,
(3) AREGRIHE
O MAAEEH—EERE
Ty =T, +b+[T, +(T, + b)Jexpl£2 L)

XA b=gi/Ca, =K 7DIGC

K——piEhE%, W't

T— 4B E BRI TR, C

C—REHE, k/s

C— g ET R, JkgT

i—— % B F K R, m/m

D—HMEENER. m

e—ENMEE, m/s’

@ KhHamE KT+

MEFHEE, BEESEERR, BRSBRAKE. RATRAR, BRI
=

AR -

MESTHSMRESBERN AFWMAHY. EFOREAT S AFHERBEASE®
i, WRAEEEY: Re=2000,

Re<2000, h4HHZEH. hL=4.15%4'iL

Rﬁmm'ﬁ¢ﬁ%m,mmﬁﬁﬁaﬁﬁzm=QM%Q;§iL

SRR

BT B0 R K IR TR U, ZEAE AR A E R i A R
o

A p— B R E R
FEhAT e, X TREHHEE, BED TRET AEH 2

nl

m_—WTﬁ@ﬁmw.m=Kijz

n
K il ok g3 8
, y?
Rewr<2000, HRAWBH, h=Ar, 1=-3
D2g Re,,

Rey>2000, Ak, h =222, 1%
D2g Re?,
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® REHITRAK

FHUHBRA: h =a,-bq " (i=1~n j=l~n)

R h— % FINE f S REBE,

qy

BiRER ) SROAE;

a; + by—RFFHE L
m—E5REFKNAER, KAKBE m=025,

REOVBARKNELIR: Ny<[Nijma]
@ HEIREAR:
© dikiRELR:
B L AR
@ EEBELANR:

6.3 ARELMILIETHRIIBE

6.3. 1 HHIGEE RUE EFERTHE

MTEEMNETEWE, BEKh. HAHETURE &K RS mENTES
HIRMMBEE S . R 6-1 HEFETE 647.7 HM/EL S B T HE s mbl SR Embm

(=1~n, j=l~m)

T2 (lme)  (=1-n)
ToS[Toma)  (=1~m)
PiZ(Pums)  (i=l~n)
P#<[P) (i=1~n)

B A F) 2 Rt s B R AR B B b iR A i b TR 7
Fo-1 BYAEKSH

Table6-1 Detailed Parameters of each station

&

=]

b

T

Rih

Ti=60C
H~2.97MPa

=352.Im
0=0.249m"s

T=31.7C
H/~2.75MPa

=305.6m
0=0.247 m’ss

T=294C
H./~1.96MPa
=230.1m
0=0.246 m'/s

T=285C
H,/~2.74MPa
=321.5m
(0=0.246 m’/s

T=217C

Tr=60"C
H,~2.85MPa

=338.7m
0=0.250 m’/s

T=36.7C
HF/2.97MPa

=332.9m
0=0.248 m*ss

T=348TC
Hp1.86MPa

=219.3m
0=0248 m'/s

77=33.9C
H~263MPa

=309.9m
0=0.247m'/s

T=3327C

BZEA

T=60"C
H~2.82MPa
=336.0m
0=0.250 m*/s

T=416C
H,~2.83MPa

=317.8m
0=0.249 m/s

T/=40.2°C
H/~1.78MPa

=210.8m
0=0.249 m's

77=3947C
H,=2.55MPa

=301.8m
0=0.248 m’ss

T~=38.6C

BNFH

T=60"C
H~2.87MPa

=340.1m
0=0.249 m’fs

T7=35.6.C
H,~2.97MPa

=332.7m
0=0.248 m’fs

T7=34C
HF~1.87MPa

=220.4m
0=0.247 m’ss

77=333TC
H,~2.64MPa

=310.8m
0=0247 m'/s

T7=32.6"C

i ERTTUE HEE &R B 5/ H R B3 3.2MPa IR MBI A, B

HELER DT TIRE TR A EER,
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6.3.2 EMBRMARAREWE

BEFETa2TARBREESR, S MEE—MEZKKARY, ARSI FES
FIA B BR AR, BEEARLTRAETRN. TERIEL A BTSH 1. 2 i1 BEM-bN
B&%EF 40ppm B FEROEARAIELENARNIAHRH. BHEHPHRARAL
RARMGIRA, TMKEERUATNEASGREN, ERmARABKSATIFEX, B
AHHFFRAERILEN. FEBATEBRAETREVAREERBGTTRATENHR
e

R & ik mFE R A B 7016 HM/EMNBE T HFES RN B ES,
BERRAHHE, BETBEFLNEEHAZEANFAHEIRAEE L BHBRHEE
B, Wk 62,

tHF% 6-2 AT40, FHEZ IEME R ALAY H 3L E 4 B4 360m FT 260m AT,
TR Sk FIA R EP MR A EHRE, REBHEAFH 480 m 0 411m |iL, K
TN K, AR SR 8 R E 2 AN 6 i, BHENILRIFE 1 4
TH2YER, fYlE, B SHEREFREEHEOHEHES PR 360 m F 274m HiL,
AR ESIENNER, EFAEELEREEN: E8MANREFOEREER.
HFREBERNGTREHRESER, MRUEESNSEREABE. ZEAWRRF
HiE, ETHEMBERIFEAE L% 63,

R62 EFEAEHRREEERY

Table6-2 Optimal outlet pressures of each station in Huanggi oil pipeline

B—FE (m) | F_FE m) | BTEL (m) | BENEE (m)
W EHS 360 360 360 360
& B 346 3524 369 353
Ea A 260 260 260 260
ViR 329.3 3383 342 333

F6) BFELZUBRRRAS
Table6-3 Optimal pumps combination of each station in Huanggqi oil pipeline

B-EK B F BENY BREL

2 5 DY450-60x6

2 & DY450-60x6

2 & DY450-60x6

2 & DY450-60x6

1 & KDY550-137%3
1 & KDY370-137x3

I & KDY550-137%3
I & KDY370-137%3

1 & KDY550-137x3
1 & KDY370-137x3

1 5 KDY550-137%3
1 & KDY370-137%3

] & KDYS50-137x2
1 & KDY370-137x2

1 & KDY550-137x2
1 & KDY370-137%2

145 KDYSS50-137x2
1 5 KDY370-137x2

1 & KDYS550-137x2
1 § KDY370-137x2

1 § KDY550-117x3
1 4 KDY370-117x3

1 & KDY550-117x3
1 4 KDY370-117%3

1 & KDY550-117%3
1 &8 KDY370-117x3

I 5 KDY550-117x3
15 KDY370-117x3
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£Fts Gt

() MIESEABIEITEE, MITETREFEZENMGERNOLETENS, KUY
FEAENEATLEHENGR, TEERETEVORBE RSN,

(2) RIEAEMTEANSERMREZER, BERD. KT EHHE T HESE
BB ey, iE T /RFENANLEY, REETSHREBETEFE
SRR,

(G) HHEFLBMEMAHMEELE. BRERERAOLFEER, HEmS5HEH
MO R MARIS RG] . A RINFEKE M H ST TR, 837 ARRLHRAR
DA T F R AR S AR AR, SR T SR A A 218 & A h SRR
it 6 it 5 R i A B AR B L AR R R A E

(4) xRS A . B SR R MBS R, B X AR T X,
o SR MR A MG T BT E O, BIE 7 B feiT A
FR: BRSESBERHMAZT 60C, FMA 40ppm #) BEM-bN FREEF, HEIETM
h, RIRE R SEmdmE, 0 RERammRR S B E BT TR

(5) BETHFLITARRORUBTHERY, ERMHETENRHAREE
RURARFEVHARETEY BETAAENTEFERARKGE FEEHBETE
BEMZML TR,
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