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Abstract: An electric-driven reciprocating compressor set is the main energy-consuming equipment of a natural gas filling station, and
the efficiency of a compressor set is one of the key indicators in reasonably characterizing and scientifically evaluating the energy effi-
ciency level of the gas filling station. As the general compressor set efficiency tests and calculation methods for a natural gas processing
and transportation system is only applicable to the working conditions with constant compressor outlet pressure, but not to the working
conditions of a gas filling station with real-time changes in compressor outlet pressure and temperature. In this regard, this paper devel-
oped a new method for calculating the compressor set efficiency at a natural gas filling station. According to the theory of thermodynam-
ics, the total effective output energy of a compressor set is calculated using the enthalpy potential method, and the average efficiency of a
compressor set at a gas filling station is calculated based on the ratio of total effective output energy to energy consumption of the com-
pressor set. Then, this method was applied to a compressor set of a gas filling station for field testing and calculation verification. And the
following research results were obtained. First, the traditional theoretical method for calculating the efficiency of a compressor set at a
gas filling station is relative accurate, but it is of poor operability and can be hardly operated during field testing. Second, the new meth-
od for calculating the average efficiency of a compressor set at a gas filling station is advantageous with fewer test parameters, simple
calculation process and strong operability, and it is more suitable for field testing and engineering application. In conclusion, the relevant
departments can apply this method to calculate and evaluate the energy efficiency level of a compressor set at a gas filling station. The re-
search results provide a theoretical basis and technical support for formulating the efficiency improvement scheme of a gas filling station
so as to accelerate the energy saving and consumption reduction work of gas filling stations.

Keywords: Natural gas filling station; Efficiency of compressor set; Electric-driven reciprocating compressor set; Energy saving of a gas

filling station; REFPROP; Energy saving and consumption reduction; Field testing

%ﬁlﬁﬁ s AR SAT AR ERIT T E  CRAR SIS FERE ¥ & RERE MR TH S 77k ) (E K ARIR R 454 7] 6T ik 2018 4F6E
ﬂﬁ@ﬂ(%)ﬁﬁﬂ&%l%%w&%ﬁﬂ%@ﬂ [ Efegu@AE (2018) 100 5 ] (4i'5 : fEIF 20180205,
1’E%‘|EJ’T~ 2%, 1966 A, #dR, WA FENFHMA USRI E 7K AR TE 825 2 G0 01T Rg FES RIS B8 4 AR 7 TH R IF 7
TAE. Huhk - (163318) AT KT BB AR = T R X 248 99 5. ORCID: 0000-0002-3593-4650. E-mail:1538937270@qq.com



- 106 - X o5 I W 2019 4E 11 A
0 3| FAREINS ol R 46 WL BRIk 2 e TE T, B
Wit N B ST BE IR 4G WL TAE M ARG K, S8UE

XF ARSI 0 ) S AR BEFE AT S T B, R GEHLREFE R R DR A e A, HIR40L s s

AR AEAEHLA ORI ) A Ra =LA
CRAL RAR IR ARSIl T2 R A R
Fe Ko RGN B AR A BV BN e
X PR R RUK P I B A 1, P2 LR Y
XFHHEAT TIRANBTFERIERDS,  H A B R LA A%
RBHFHRME. I, EIEEZK RS
BN NI Z I L REAT T ), AT R VR AT
WAz R LR A s O T
HWHLARE, BH5URAME . T, BIEERK
VHRTVE M. I, 7E B AL SR T STV R B A
B E RS R AL BIRR (AR RN
Mt S, IFxEIn s i 2 G gL A AT 1
WEHE, PURIEZ 7 ik i AEm A ] SE4E, DA
DNARSGHR 10 T A AL AL R R AN I 4 AR e

1 EHENANBRUERITE

JE AR BT8R 7 Th A2 1 i 4 AL EL R A T U
(Rl BV E R T S ) R — 2 AR L et B 2
I R AL SEPR R DR B %, AR B A5 20t
S, B EWSRANUBOR D& TR ThE
THEAUR S HE 2 1 16 7 B 0 07 1645 2 R 4 HL s
DB, SRR R R B R (1D~ (3 1Tk
HIET A, BRRGENLIR R IR KL
INEGERNI S

W= ipiA(SHl =5 )/1 000
i=1

Kb W ROR RGN FE TR T, KT P RORER i
AN ZEAEHLET N B 11, Pa s 4 Ron IEGibLIG %€
MR, m’ s S Sy BoRE i i+ 1 AN 2RI
FENF, m s m FOREAENU— AE IR I FE 2T )

(D

eI A H
RGN IR YA

P=Wmn/60 2
K PR EANAR R IIE, kW 5 n KRR
T, r/min,
R R L N O
P,
qu:FkXIOO%

d

ey, TR ALK ¢ P, 3R R4 HLALH A )
., kW,

(3

A 9 B 8 e B B8 G Y FE A R 3,
WA 4 LA R T 90 B B
BOR Sy AU W P B, LR
T E . W 7 R A BLAL 0t
it

2 EHYANFHRETE

4 FE 45 L AR, TR A A 6
Bl R AR UL, T R ORALRIRE IR
I B A B A DRV A e
RATIAT AL BRI, D, TR B R
IS0 it 0 P B A A O R, S
BB S5 AT R R I (. R B R,
4 A B P YT R D
Jet i P24 WLt A 1 A B, AR PR 46
AR 2 7, A B B BT
e BRI, B FE 45 HLAL RO th R . R 4L
4L Pty o R 15 00 L 0 9 2 R B 0 T
BB
21 B RIS B

IR B P09 5 B A 4 1 B P
RESU R 22 OB BRI AR, SRR e BB T3
T 9 T P LA P

T 25 B2t BLIE 7 8 o A 7 B R s
%lﬂjfy‘j :

pVi=ZnRT, (4)

X py RoR B WL g <8 R AR A4t k7T,
Pa; Vy Ronk ORISR, m’ ;s Z, £oREHL
I i U i AR R 48 R T 5 ny RoR Ja AL il <
Wit i AR B SRR, mol 5 R 67 BE IR SR H 3L,
BAEZM 8314 5T/ (mol « K) 3 T, F 7= B ML %S
Bt SRR, K.
it S B 5L A (9 ny mol SR ZE FRDIR ML (0.1
MPa, 20 C) FRPRETFERN -
DpoVi=Zyn,RT, (5
K po o — Ml RAE, BU{E N 101325 Pa s 7,
For ny mol TARTEAREIRBL R AR, m’; Z, FoR
FRAER LN AR 4§, 71K H AGAS-92DC J7
2O T, BoR AR AR IR, B A



39 E5 11 W £

5 m T - 107 -

293.15 K,
B (4D (5) AT4F K48 HLR HLIN fif <8
JFA SRAERR R DL T FARRUA
,_niZ
l Po1iZ,
JE A HLAS LIS A B Hh P £ A7 AR DR S T
IEVSE

Vi (6)

PVa=Z,mRT, 7
3 py RORAF LN A B H R AR S 250 K T,
Pa ; Z, R A5 WL A B0t R B IS 48 X1 5y
AT WU Bt BT i A SR I &, mol 5 T, 38
AR A S B P RARIRE, K.
JE i AL A5 LI At Ve 0 BT i A7 £y mol A4
TERRAEIRDL T PR TTHEN -
PV, =Zym,RT, (8)
U v, TR A AL i B T BT A7 SR AE AR AR
LR IR, m',
Bl (7). (8) w45 s 4 ML HL I il < et <
IRLEFRHEIR LT BIARRLUN
P12,
£ =de (9
JE g MU P 5 J5 AL £ B0t N AR & 22
1B, BRI Be A BB <8 AV, 2 R a5
AV=V,— T,

22 RHESEBETE

AT LT SE B R AR L A 8 vT B P b 7 vk
E . Oz8EA aD ~ QD #HiTE N, @%
S R AR SSAR - N A AT T

(100

2100
2000
1900 F
1800 F
1700 F
1600 F
1500 F
1400 F
1300 F
1200 F
1100 F
1000 F
900
800 F
700 F
600
500
400
300 1
oo [ <piin
O _I_ﬂ—{]—_‘i}il: 1 1 1
~180 -60 60 180 300 420

WE/C

e

H
2

-

X

=
Zib
=D
WeE SISE SN

N
SEEFA SRaF
&
ED

HARTUARIRA T I HRE / (K » ke™)

PEARAS OIS T ELIAME / (K » kg 1)

RIS 7 B 4% P Ao -
M=) Myx, (1)
Kb M BETRRIRAUD TR M, RoRRIRR
P AR O TR s x, RN R @ 40 BEOR
RRAAETEE (R 5 F 5 -

R=R/M (12)
RINRA R H0E T
y=M,/M (13)
oy, RORKIRAE Aoy 4.
HAESARE (D D P
R =>"hy, (14

b B RR KRR, kg s h) FoRRIRAE
P AR SR LS B, KI/kg, HESHE (H) O
BEA XK. SHASMHSEWE 1R,
RARSAMG TR 4% R a5
Pe=D XDy
X pe RN KR SMNGFIE T, MPa s p, Rom KR
S AR TUE ST, MPa, SR R AR R S
(G R TR 1 Fios .
RARAGE AL L /4% R A5 .
Prinj= Din/Pe (16)
Prous = Pouy/De (17
N Prings Prowy TN j BIEGENLIE. H O RARS
AR 7T 5 Pinjs Powy Tern 56 j RRAFHLE . H
J& 77, MPa.,
KRS SR FE 7 R =5

(15

1600
1500 P
1400 | %
1300 |
1200 |
1100 |
1000 | BRI
900 A
800 F %?Vf{ﬁ?)%
700 | AR
600
500 |
400
300
200 [
100

O 1 1 1 1 1 1 1 1 1
—-120-40 40 120 200 280 360 440 520
W/ C

1 RASZESEESALRER



108 - X K5 I W 2019 ££ 11 H
F 1 BOBRERIERIESHIBCEERER <00
G5 Hr /W GREE / 400}
i AN 4 X ftiE
H]J ﬁ?fﬁ *H T%Ui MPa K 3.00 L
F e CH, 16.043 4.456 190.58 200 AT 2
Zhe C,H, 30.070 4.723 305.42
[ C,H, 44.097 4.113 369.82
STH  i-CH, 58.124 3.530 408.09
ETk nCH, 58.124 3.675 425.18 )
SgE i-CHy, 72.151 3.272 460.43
Bk n-CH, 72.151 3.261 469.65
Edk  n-CH, 86.178 2916 507.43
EFE n-CH, 100.205 2.648 540.26 ,
Gl — 28.964 3.650 132.43 005 L A AR L
0.1 02 0304 0.6081.0 2.0 3.04.060 8.010.0
MR CO, 44.010 7.147 304.21 P,
— S ALK (6[0) 28.010 3.383 133.15 2 SLRESALLISENEERKE
AR N, 28.013 3.290 126.26 n
erature—Pressure ( ZX Pressure-Temperature ), 1%
4 H, 2.016 1.254 33.26 pet ‘ (K ‘ Temperat )“ﬁw)\Lx
LA _ 34076 N 37354 THNEE . B AXE K, RIS 8z Sk
i ML= 2 . . . . .
. SRR SAEL € T N SEFR LIS {E (Enthalpy ).
AR 0, 31.999 4917 154.76 i
[F]HS), 19 7] /5 5 Plot-Setup Pressure vs. Enthalpy Plot( &,
Temperature vs. Enthalpy Plot), M ZZi%SAKES € JE
T.=>xT, (18)

X TR KRR AMIG A RE, K T, R KRB
Wi IR, K, AR AR KRR I )

FHRPEEN 1.
RIRAHE RS HlR B 4% P 5
Trinj:Tinj/Tc (19)
Tmug/: Toutj/Tc (20)

M Ty v Trowy 50 j FRGENLEE . RIRAAL
X EGHR T 5 Ty Towy 25 j BB AALIE S TR FE, Ko
SEpRAR S E L N A
h=h’-&(T.R,) QD
A 0 AR LPR MBI E 2 T R %, vRE
Prin~ Ty P Prowy~ Trouy L 2 753 12,

R PR AE B TE R TV R s A U,
AR HEm E R s o] RAEEBE R ESH
ARG (National Institute of Standards and Technol-
ogy, NIST) #f#lf#) REFPROP A X A [F] T T 5k
PR AR S EHEAT T Y, %05 e A (E AL
R L3

B 4G & i Substance-Define New Mixture, #{
P S5 B A R R SR RS AL [ EE R 42 0 (Mole
Fraction) B i & 434 (Mass Fraction) 3 KRS
WA s 5 Calculate-Isoproperty Tables, ik # Tem-

F1+ TR EASALE N EL A AR R A
23 HEEREVAHHSEES

HL A A X 4 L 4 Y E R B A R B
FIRER IR IRAG D RE R, B 5B B B

BRI RERIGINE (Wr) MUEAHILLLR P fik
B R AR BERIEIME (7).

BT BLAN BTG I B REE R INE () "]
N5

Wlequ V(hout_ hin) (22)

A p, RARFRIL T RIRAM B L, kg/m’ 5 hy, TR
fEHLIN R 4g ML AR LI E, KI/kg + by, FRIRA AL
I 3l mR T S R g AL S el ST 4
ISP AT T3 00 Vi 2 Sl A 22 SO AR L AL
kJ/kg.
s A L2 3 LI Bt b A R I
B (W) 4% N5
WT2:qul (Mowe = iny) (23)

i v, o BRul K 48 HLZL S HLIN RS 2 U <&
BChR AR LB 3k S i 2l i UL (D
PR, w5y R R LR BRSO U
POJE AR o v b AL 30l BV 3 2 1 ki i O



39 E5 11 W £

5 m T 109 -

4 OF) AL RE, kI/kg.

hout‘ hin 5 hinl @ 2.2 EP jj?jéﬁ‘ﬁo EESIXL‘I"E;—&
RNV AR (W) 3 R

WT: WT1+ VVT2:pq[A V(hout - hin) + Vl (h()ut - hinl)] (24)
24 [EFHEHAFHYE

Pl 4 TR AL b R R

= "y x100%
3600P,

N g TR LIRAE R SCUR AL P I RE ; Py R
AR B A HLALFE R R, kKW » he

ndq (25)

3 MBS HEFTERNNA

1E— 2 MR Fr B AR RAR SR £ 6
WA E R EHEHA#ATIZNNR, %2 AERR
AN ARCBE S AR AL RRUIE B, R 2.2 R HERE )
REFPROP A4 1+ 5545 21 e 4 WLk AR EEASAEL Ay,
AU R 8L AR EL I AE Aoy LA RS AL 8 42
WA IEAE hyy ZAR IR E AR 77 R
TAEHWE 3 i, MRS R E SRk 3
B o

R2 RRSSREME

Hoy R e s Pk St T e BTk S s 1Bk ZE AR AR
FEIR 34 93.69% 3.47% 0.60% 0.09% 0.09% 0.04% 0.02% 1.20% 0.80%
R H 87.19% 6.05% 1.54% 0.30% 0.30% 0.16% 0.09% 3.07% 1.30%

30.0 \1 e =3 EMBRMITEERE
L «~on e85 °CI0°C
20 $5:C 60,C s 1LCRH ¢ JEHLRTRE A E B 7 i/ m? 254.39
" WA \\\\\\ U251 67 MPa 5
§ ' 4? < e HU FEZE L 117K 3120 MPa JE MU RS 22O IR / °C 22
H TR ET79 C
= 150 LA 836,84 0 ke FEALIECTE /7 (RSB E /) / MPa 5
4 D FE4EHLE R / °C 13.8
10.0 R LN RARHLH %R 77 / MPa 20
RGN e LI FRAEHLE TTRLRE / C 79
5.0 HEMRE138 C \.\ gﬁ*&ﬁg?ig?éw}?/ﬁm *EZEﬁﬁ‘ﬁﬁ / Hl3 22.2
HL S {E 78871 kI / kg E 4618 980820 kI / kg ﬁ?ﬁ/—:ﬂmjg / ( kg em ,3) 0.719
HEREAEL/ (I -+ ke ) JRAFHLALKE R B / (KW « h) 186.45
B3 mSEREE FARS SRR/ [T+ (mol + K) '] 0.482
» o JE NI RS 42 N S AR LU / (KT < kg ) 808.20
FEAEHLE LTS 2 N <& B ‘ N
FRARHLE AR RS ME / (KT = kg ) 788.71
_ Vin )2, _
! TZ NI R SR LU ME / (KT« kg ) 856.84
Poli 4, 26)
0212 '2(;5; 12 59 32; 06897 f g 484 m
Ax 15+22)%0. AV(h —h )tV (h —h
N N ~ qu:pq[ ( out m) l( out m])]xloo%:
NG R INEL KA 3600P,
apToZy _ {0.719x[2384.456 x (856.84 — 788.71)-+1 048 494 x
p1,Z,
222)(20X29315X(1874——3432951n3(27) (856.84-808.20 )]}/ (3 600 x 186.45) x 100%=25.46%
0.1x(273.15+79)x 0.941 ' (29)
FEAEHLINA & - B 0SB R A TR T B A R 4 LA R
AV=V, —V,=2384.456 m’ (28)  FEHEHIMAREMIME, S5 ZEgILH 1R

AN Y8R .

IS B HFEN 0.078 19 (kW « h) /m’,



- 110 - X R

=

=

T 2019 # 11 A

XA 1 2 & R ARSI ok s 48 HILZL 101 25 2%
HONVAALIN R AR REAT TR 5, 25 R WR 4 Pow,
A S mE 4 Fro. BB 4075, &EgLA

CRECE E T NAIES TRy A
SRR 0 FE AL AL 190 e, DU
BT A T B R 5 B 1,

x4 ZAEHNETHIYERBAMSEBERTEERER

JEAENLAL = 1 2 3 4 5 6
RO E 50.75% 45.64% 41.23% 36.54% 25.46% 15.37%
FAAT IR B HFE /[ (KW < h) « (10°m®) '] 33.02 52.36 58.12 64.35 78.19 109.41

== PR == B (R AR (kW < h) - (10° m*) '] 109 41

78.19

58.12 64.35

5236
33.02

—_— . .
S0T5%  45.64% 4 v30r ?é‘w\%i&_‘w%
i > 3 s 5 6
B4 HEGBNATFHYEESRUMNSSEETHEEE
4 £t

WM G, B4 R
FINEB AL G R T 5% B A R A S 8
THE AR, TR VESR. SRR AL M
S M WS 1R AN S 2 IR RN T 5 B AT 45 3
BLEH R . Rk, 00k R4 AL2E T 35 380 3 1 v
STV AT VA IS 4 HUZE BN =k 1) 6 ROK - 2
BB SR, AR E S AL L Gk RE, Ao
BEIN A B B A 2K

2 £ X M

[ 1] %6348 . CNG IRl RERE 0 5 35 REBARAT 45 [D]. 1A - vl
FA RS, 2015.

Dang Meijuan. Energy consumption analysis and energy saving

research of CNG filling station[D]. Chengdu: Southwest Petrole-

um University, 2015.

[2] okABkME, BRMET, 2248, THE . R K48 KRR SH itk GB
18047—2017 fif#isk [J]. Al 5 RIS, 2018, 47(5): 90-95
Zhang Qiuping, Chen Yanfei, Li Sen & Wang Fan. Interpretation
of the revised standard GB 18047-2017 for compressed natural
gas as vehicle fuel[J]. Chemical Engineering of Oil & Gas, 2018,
47(5): 90-95.

[3]1 =, BEE, BHR, B, MES, 906 . RABUE
HNLLIBATREE IR S 500 (1], U2, 2009, 28(7): 55-
57.

Li Yunjie, Zhao Tangyu, Wang Chunrong, Yang Jingli, Liu Guo-

hao & Yang Guang. Testing and analysis of operation efficiency

of gas compressor sets[J]. Oil & Gas Storage and Transportation,
2009, 28(7): 55-57.

(4] XIEZE, 5k, BRHM , 290, £, 5KEF . CNG Il
IR A A2 3 A AL ALY RE MR I 23 A (0], A A AT RE L 2014,
4(12): 15-16.

Liu Guohao, Zhang Xin, Chen Qibin, Jiang Yong, Wang Shuhao
& Zhang Xuan. Energy-saving monitoring analysis of electric
drive reciprocating compressor unit of CNG filling station[J]. En-

ergy Conservation in Petroleum & Petrochemical Industry, 2014,

4(12): 15-16.
[5]WieAL, MEZR, eE . ZERMEENL [M]. Jb5 : Al Tk H
At , 2008.

Ji Zhongli, Deng Zhi'an & Zhao Huijun. Pumps and compres-
sors[M]. Beijing: Petroleum Industry Press, 2008.

[6] ZaEd] AL ARMHECAHZ [M]. 2 bt . dbst - hEAAGH
AL , 2006.
An Dinggang. Technical questions and answers on reciprocating

compressors[M]. 2" Edition. Beijing: China Petrochemical Press,

2006.
[ 710488 , BHHF . THENDF ML 4 R . bR &SEEE Bk
#t, 2007.

Shen Weidao & Tong Jungeng. Engineering thermodynamics[M].
4" Edition. Beijing: Higher Education Press, 2007.
[81 &N, ek . BT AR AR KRR RS 5155777 [J].
ARSI, 2014, 43(4): 395-400.
Liang Guangchuan & Zuo Guo. Calculation methods of natu-
ral gas compressibility factor based on the gas composition[J].
Chemical Engineering of Oil & Gas, 2014, 43(4): 395-400.
D, VEOClE, TS, A, HRN, BAR, & ORR
AURGH TV S 1S - SR YRR - GB/T 17747.1—
2011[S]. Jb5T - Hp ElAwE At , 2011,
Luo Qin, Xu Wenxiao, Zhou Fangqin, Huang Liming, Chang

[9

—

Honggang, Li Wanjun, et al. Natural gas—Calculation of com-
pression factor—Part 1: Introduction and guidelines: GB/T
17747.1-2011[S]. Beijing: China Standards Press, 2011.

[10] 2%, ¥F3Cme, 7%, B, WRN , B0R, & KRR
URAEE T RIS B8 2 F 0 - B OR AL AT UHEL - GBIT

17747.2—2011[S]. Jb5¢ : Pz HARAL , 2011,

Luo Qin, Xu Wenxiao, Zhou Fangqin, Huang Liming, Chang
Honggang, Li Wanjun, et al. Natural gas—Calculation of com-
pression factor—Part 2: Calculation using molar-composition
analysis: GB/T 17747.2-2011[S]. Beijing: China Standards Press,



39 E5 11 W £

5 m T 111

2011.

[11] 2 R, A, xlvk , R IEAR I EZE , B, 45 . RV

L RSB WA 57 - SY/T 6637—2018[S]. db5t
A Tl H Rk, 2019.
Li Jianliang, Zhou Shuzhong, Liu Bing, Zhao Guoxing, Liu Guo-
hao, Geng Huan, et al. The method of energy consumption test
and calculation for natural gas pipeline transport system: SY/T
6637-2018[S]. Beijing: Petroleum Industry Press, 2019.

[12] BRKAR , EER , BRAHEEE, 3001, 3R . RIVE E A
M. dbxt - At Tk H s, 2000.

Li Changjun, Wang Yuchun, Chen Zuze, Liang Guangchuan &
Huang Zejun. Natural gas pipeline transportation[M]. Beijing:
Petroleum Industry Press, 2000.

[13] BT . RIRSEANL T RBTERT AT [D]. KIE « KEHFE L
K&, 2017.

Zhao Shuo. Research on key physical properties in the design of
natural gas compressor[D]. Dalian: Dalian University of Technol-
ogy, 2017.

[14] 242k . ONG E4HLT RERoR 5 R8T (0], P IEA A1
2016( H4TH) 1): 244.

Li Jinsheng. Analysis on energy saving technology and experi-
ment of CNG compressor[J]. China Petrochem, 2016(S1): 244.

[15] ¥ , JHSCU, , 52, SN, AR, SR R LNG I
JRERE ST ST RERE I (7). Al S KRR R, 2017, 46(4):
103-108.
Yang Yuan, Tang Wenjie, Ji Anbin, Sun Guijie, Zhu Hua & Ma
Yuhua. Energy consumption analysis and energy saving measures
of large LNG plant[J]. Chemical Engineering of Oil & Gas, 2017,
46(4): 103-108.

[16] ¥ . CNG E4AHLRERE T ST RERTTEAR T [V]. A S

Tk | 2016, 25(1): 15-17.

Xu Zewen. Analysis on energy consumption of CNG compres-
sors and advice for energy saving[J]. Oil Depot and Gas Station,
2016, 25(1): 15-17.

[17] & HU XSS | FkfEh , YRt . ONG # Rk 4l e 3%

JeRERESIHT [J]. W SUA#IZ | 2016, 35(10): 1136-1140.
Zhou Rifeng, Zhao Wenqing, Zhang Jianzhong & Xu Guang.
Gas-filling efficiency and energy consumption by compressor
in CNG conventional fueling station[J]. Oil & Gas Storage and
Transportation, 2016, 35(10): 1136-1140.

(18] BB, X, HZAM, RAME MR, 5K J33C . CNG 44
HLAT REF AR SR8 7047 [7]. RARA T, 2013, 33(2): 95-98.
Liang Zheng, Li Shuangshuang, Tian Jialin, Zhu Xiaohua, Mei
Qinggang & Zhang Liwen. An experimental study of technical
measures for energy saving of CNG compressors[J]. Natural Gas
Industry, 2013, 33(2): 95-98.

[19] 365 , %7 , RER], 20, IMEES , WA . IE4RNL P T ik <

AR A O BUE AN (7). il 5 RARAL L, 2018, 47(1):
115-120.
Fan Yong, Rong Lei, Li Shengli, Li Lin, Sun Dejing & Tian Tao.
Numerical simulation of combustible gas leakage and diffusion
in compressor workshop[J]. Chemical Engineering of Oil & Gas,
2018, 47(1): 115-120.

[20] BigE-F . A CNG I REsSAE S EAEHLT RERAR T [J]. 4
HLEA | 2018(3): 45-48.

Jia Xuping. Analysis of the energy-saving technique for a CNG
gas parent station reciprocating compressor[J]. Compressor Tech-
nology, 2018(3): 45-48.

(B EIREH 2019-09-09 %4 % {77 BB

OO OO OO OO OO

BELAGZTIESEENSEEZHRE

WEH, B ARG b I 5 A R 5 A BRI S IR e S 5T R A O o) S U Ly P G R AT A TR A, 7E BN ST M X
St ) B 1 FRAESER RN T P — AR B ARG KR SR TUA SR, (EAT S R 75

FERC RS TR B SR D0 SO s 3L 8 RSN By, Horh AR BRI 2 BB TR AU, Rl AR E N 6.2%, W
RS SEAT 0.71 ~ 0.81 m¥t s AFHESEAL TS AL AL e s M AR & B i o 2.4%. FER AW MM R R, %
T PG 2 VS B A P HEEZY 30 km, K T T L P4 DU AR R A X T AR

BHARITEARINR A=A BB Z, W BDRIE. B 12611 ~ 1261.5 m A=A RERME. S b R I G
B, BREAR. RYUIRE B 1276.0 ~ 1291.0 m KIL—EREL) 15 m A=A KA S IREREGZ, R LRSS, W ilfLIR A,
HAILATEE 5 cm, (EEHILENT 10% ~ 20%, A—ERTUAEEER T Z . X R BAE TN ER S AT 52 4L RAF I it 4R

Al BATHARATSG, T8 X USSR RHEOR . AT

Z7 s, WS T B REE R

TSR R B RO R, ERTITAS T L PE 2R BRI AR TR IS, AR A RIX, SRR AR R IR

BT IOCTT 52, J A WU b T 0 o G it R R AT T R R

(RI fiig B E BRI





