H154 H 4 H 31 {t % % Vol. 15, No. 4

1988 & 7 H ACTA AUTOMATICA SINICA

il

July, 1989

— - - . - |

RS

EEHNShSEEFEERTIENE

2 F &

{

(B # XK =)

i 2

AXTE T A EREHARERGSEAIMHIASBEHNROTE. REFRS
EHRBMROETERNIRS, BEELHIEFENRBS TEARER. 2113{% IR
H R AR R R B, N IR N B, AR BUBERKEN TR T AL
Py FRE— NERFRE, MNBEMR XA SR RITFEOEBEREC it
Fol MR A, SR TEL HNEETE R4 HE MRS K AN 2.

it

i 2
—. B B

kRS ERTEREANTHEERSBI-SOESBIHAEEY., A TRITEE
PRSI RS, MR RSB A SN S SR TEA TR, XR121ERESERE
R M BEEREDREHNE RN E, 82 HREN—RERTEEZIH
ERE SR ERBL ETEMNA, AXRAS /BRI RERITT &, KE AR HRE,

—. EE PR Azt RN E
B EETSEERSHEIN,BERK » S EHD BN

Pﬂ(x)_\/Pﬁu_(onu““PﬁL) "E‘, (1)

KRB LABSBERKE; Po ABRESNEEES; Pu A BREHERE D,
HERNSEBER « EERNENSRERRE ¢ FUKE « FIBR. ERKE » &F

— Tk d,, FEHX—FROERARNESLST B, SIEHFBARESE, FTEIHERL
EREESEMIZELCENNEE.

1. FEEHE

'.E'-Dz.aAf==__aAQ (2)
4 Ot Ox

AT 1987 §£3 A 25 BURE,



4 ST RIAVE RN SRR EEREN T EN R 295

L

'y

hAr 4 x (S E R DAEEER; AQ B N EhEBRRERNE.
2. ThBRFHiE

!

1oV 1 y oV _ 1 9P ., (3)

g Ot g Ox r ax

A b g 0 EINME; VAOFEE RSP E; &0 BALK EE BRI EEEE .
HTSEREEEDRIER, D 15—25 K/, T2 FEG)EBRITL ANV SR EE
EPHARE B A R BB N E B B E.

_ 1 0P _
r  Ox . (4
EESLRH el iy NIt &
=5V 49
D Zg’ e D*er
RAMRNE.EMEBRENEEAR]E
_8AP _ 168 -9 0 (5)

8.‘1: :r’-D5-g-rg(,,.)

s § oy BERE R EL

3. REHIE
REANE BRI SEBBFE S0 E
(r>K= PjAr__rrukx)._AP. (6)
. Yo(e) PUf-r) K - PU(:)
I K 4 4 ek,
O BHEGORAFTEQ),SHFBEOGBE AEEMR KEEDIRIENRMS FEA
EI__ZZ_ rﬁ(:) _ aAP - aAQ = () (7)
4 K . Pg(, %}, Ox c
OAP 16¢ - Qg
3x+ﬂ2'D5'€'7‘n(:J.AQ= ' (8)
¥ 77 (7)) F(8) 5 BB A= 5\
LOP | 00 _
Te Ot ™ Ox s (9)
oP _
""a_x_'_l"ﬂ(,)'Q=0. (10)
Z\
_z D rus
T 4 K- Q * (1)
G(xy = 16 - 25 5 (12)

:rl:'2 . .l)5 » g o 70(x) 'Pg:;)
P = AP/Py.,, Q = AQ/0Q,.



296 = ) S £ ¢ _ﬁ i) 15 %5

=. KEEEMRIEENS NS REHRERE

05 R 4E (9) R (10) VRSB 1 2E it

_{TP + (s + Py — Piewy) + 9%:“‘)— = {, (13)
| 65.., _
| Ox + aeey © Dy = 0, (14)
PaFE: Poo =0, RA()RBE
Tp+s+Pioy+ dg;“” = 0, (15)
df:g(: =+ a ) Otsrsy = 0. (16)

KT REC15)%T * F 4 a3 (16N H (16X # Wiy 5, 5K AF
EE

dz_‘:as - P
_%Z—L*_ a("J'TP °§ 'Q(xﬂ)=0: (17)
dzﬁ(n:) —
| T g %o T'pesePpy=20, (18)
B (DX ABHER T E
— 2L
d:r -(P_z" "'" Pz) POC:') dPu (19)
00~ &or "

XI5 B (15)F(16), (17)W(13)¢Iﬁﬁﬁ&,ﬁ%ﬁﬁﬁ Pooy 1R x EA BZSHLAD
RHEDRAS)— (18)ﬁ4§

hdf;c;;; ,$) (Iz)i‘_____‘;ggi_j_ . Oposy = 0. (21)
J/_dif;iggﬁ_ — A s-PysPep,,y=0, &22)
ldz‘?;gg"’” — A 5Py Oy =0, (23)

A

162 - L? « Qg (24)

(P" ~Py)¥.K.x D - g’
IEQ2)M23) BIEMMBE RN N E R RE, EEERETIE L LEIRER LER

2

Uix) “-—3—- . P}? . \/ —A -5, (25)



4 I - BEYE: RREKNIASEHTEIRTENA 297

— Q(P 1§ )
F ) — .D__ (26)
| () \/Pg_
AR (23) ey iRy LB R 5 1&
'+ Foy+#« Feuy+ [”2 — (‘é")z] * Fn = 0.- (27)

T4 (27)7H % W BRI TR TR, R Y

Fiy=C1+ Jim =+ Cy Y 1. (28)
Rt Ca Al CAWHG Jiw AHE—K T WARREEG Yy HEX —NNE R B
.
B i, (23) R B 1
Ocpyriy = v Po-[Cy - Jiy+ C, - Y%(u)]. (29)

#x =0 (Pyey =Pn) A1 x = L(Pysy = Por) LEIBFEN Owgoey T Ocpoprsrs B HRA
(29)5X

Jl §1Puu $H = \/I;n [C, - ]-;-(un) + C, - Y-;-(u,,)]: (30)
Q(PuL 2 i “/PUL [161 ) f_-?%cu;,) + C; - Y—;-(uL)]. (31)
HO)FMGRAITRHER € F1 C,.

'\/-1’:;' —(u;_,) Q(Pun :J""'\/PUU —-fﬂﬂ ' §<PHL=“

v/ Po - Por, - (J 2oy * Y 2y — facuL) Y Leapy) ,
VPo + Ljeuy * Ditwros = VP - Jeup = Qetsnr

\/Poo POL (]E}(#n) $(up) — J1 3(ap) * gcuu))

S PR N R e T N AP REVery

¥ (32)F1(33) N A QAN FT RN BHESRK, NP E/REREL
BOCARETHE Y w6 BEIRKRE, IZ/RBEEA] A=AREGL R E,REEE N, W
R3],

C, =

C; =

2 5 |
Jicuy = . g COS (”" 127"'): (34)
/

2 . 5
Y%(,,)m —, ° sin (ﬂ--ﬁ:rr .

FE(34)F(35)FNFA(29)5K

2 5 5
G =/ o225 - [Cucms (4= ) € sin (=3 4)]. G0
(36)NEP(29) AN BRR B, HIEMT AL E, (36)RX PRI




298 = 7)) e = iR 15 %

—C, - [_;_1} . PoT . Y 104y — v/ — g . . Py - ]r.}m]- (37)

EE M x =0 &b, BARB2)—G)RRAGR, B K FE
d§ Py . — 1 . -
( (;Pg)) EQ(PaniiJ'[4Pm+’\/A'Pm '\/——S -ctg(ﬁ.,\/._—_g)]

— 1 A NA Py A= ]
- . (38)
'\/2 Pm P[]L ‘\/P(]L SlIl(ﬁ-*\/'-—"S)

T g(PgL?I) * li
T\ 1

ﬁ=§-<m P . A4, (39)

E x =0 &, 13 (38)FNMA T E20)K &
V(ﬂ ) Q(Pnj;:ﬂ - Bﬁ ’ P(Puu $) + [

+\/A Pe - \/—f *ctg(ﬁw/—ﬂ}

4Pq

« O(Pyys)e x (40)
7\, 1
v, =Y A Pa /7 1 : (41)
v/ Po. sin (8 - A/ — 5 ).
—2L - Tp - Pm
B, = 47

: —y (42)

%t 5 B2 DA (22) el L FIA RAR AL, RGBS B —A f s E DR R
R E DI E AR, ~

V'(:)'ﬁ(P;Lu) [_1‘1"\/14 Pou \/—'-‘ Ctg(ﬁ"\/'_-")]

4Pao
+ Pep, ey + By §(Puu,s). (43)
3\
N —2L « gy, « P
B, = ——_ "0 (44)
1 Pj — PjL

B E(40)R(43)BE 37 5, Al B iR X
9ran]

P(PHL:I)

4Py
— B, « s/ V.
V(.r} 2 / (s)
—L A Py =5 g (B )
4 Poo _
Bl/ V(I) - V(.r) o
[—Q_(Puu-f)] (45)
Pipopsy 4



4 HA e, MBS HESHIEERRTENE 299

ERiEEaSERD,.ESNREEDISIERTINAARE, HIL Or,, . = 0 B]{E
A1 (45)F R B S48, W]

*——'—'\/A Poe ‘\/""5 -ctg(ﬁ \/"‘5)

_?(Pun’-‘) 4P0{]

= e e 46
Gy B, s -, (46)
- - 2
B .o [4P1+«/A Py - '\/_S-Ctg(ﬁ-\/-—s)] — B, - B, s
ﬂ,[_."f 00
—_—— 47
Ocpyys) —B,; + s - Vi (47)

PO | e B S SR A PN A e

RS E R R BH RS E TR, FRIE (46) 3N AU SRR A , DL G A BEA PR 22
FATRE SRS R BHBSH.  HARBENITERRRER = AR & A
B, (46)XNRVERZ AR AXEEBEM=ARE0TEZ

w
—1 +ictgh(ﬁ- Y ctg \/ (48)
- . 48

—ctg h (ﬁ \/ + 7 - ctg \/
H

R 6 TH K, (48) UHIA E}i’i—*ﬁf T 1, (48)3XH]1

ctg (B + A —jw) = + ]

EREERIEAR,

—

LS TE

ctg (8 - v —jo) ~ +7, (49)
1

«/—-fw-——-\/% (1= 1),
A It

(W—s ~ctg BV —5))mjo = +J (1) = (FV 5 e (50)

(50)zNRUMFE FTFE L R, v (46) N @08 F A+ H
'—P-(Pnu'-f) 1 1

_____ =W(s)=a1 "._..._._+Cﬂ2 . T (51)
Q(?uaﬁ) * \/ g
7 V
¢ = — Pt P (52)
8 . Pﬁn . L . TP(O)
'V/A (Ps — Pir) (53)

2. Ln/Pg-Tro
R W B NMEEIN , M E RS R R S T (51) RAOH K KA #5%




300 B # & =% # 15 3%

(54)

‘f&ﬁ@1)@(54)%T7ﬁh§%%m*ﬁﬂﬁ&§iﬁ %mﬁﬁrﬁlﬂ%%ﬂﬁéf AL @R
B R—E RIS \/ (A RFTERE oo TNT @) FI—FHS IR — E’J%« HEE A X

AN TN R E T HE.

h, LEESERRMH

A REE—ZURS BN F HEBRh EHAERNOEESHSERMEY
ESEARSRII O, MR EEHARNRE RIS B HLE. RRSERR
FEIEE B —ANRS B - O EEVEER., BENRRFT S MRS (B W256)
55 B B B EE R S IR ER S FE B O R L (E 5N5 | 3y BCLA404R1 BCL(402+353)).
RSB REREN Pe,» EABRBEE. HYMRSBIASH RS S =B EE
SRS E L BT 58 K A s s S R B RS R B HI R . MR
SR RAGLRPE LR RN A 5% B R R B R i 1,

L RS RS- 10 L B S O

C REFBREREESTEREERIAERS EIE HET SRS K.
ARG ELZNRBERIENMT
K =1.284, D=04CK), L =35x10°(CkK),
Qo = 5.66 UAFTI#), roey = 17.1 (AF/XP),
- P = 2.2 X 10° (AJT/HD, P = 1.0 X 10° (AFT/KD).
BEFR A% L A R ARITE k |




¢ 3 SR RISESNARSREERE R TEN T 301

0.0084

 — 2005, (55)

BUE, [ =0012; Tpoy=0.3(B/HK); 4 =0.3564 X 1070 k¢ - B/AF);

--‘h—qz.

9.45 X 1077(1/#); a =2.33 X 107 (1/4/F0); RIS W0y BV ELE %ﬁ":@?;

-

ZhA N R R R A B R TR 3.

10-4 10-%  10-?  {0-1 1.0 10 w

st i | I SR 1 ! T W e
©200 400 600 800 1003 oD
tES)

2 KEHEGSEXKEENHEEHT . B3 SENHSREGARBEERERIN Qo = 1)

ME 3 A &R, M BmRES —RINIMARN, BinENEITIBENMS BREAL

RYCLUGEEE R R ¢ R ME T SHE, M ¢ = 0 NRIROBEE, BimE DR AERA T
73R LR AT ORI, ARXGHONNE ¢ KFA B2

dP(Pau") - _%

1z == oy -+ \/_ (56)
Yz =0 %, LSBEN LT XK.
EjﬁF'D%EK == ] H'L?r*@ﬁﬂ] ﬂﬁ$%lﬁ5m W%‘(;m) fﬁﬂ:@ 1,
: J"EAlﬂﬂ'%E:U%% EE Eﬁﬂ@fu%{g’. PcPug,:Jﬁ“%ﬁﬁ)\ﬁ‘T:% F:jﬁ;b
MRS RRTE S, BB 5 TEH, S E BTSSR REHK EFEYR, 3185

ﬁ

2016g M5 (dB)
1
[
2

0.01F

P, .0

~80°} (
— 100°p
—120°

0,0051

0 1 L ! 1 L L 1 ) 1 I
— 140° 20 40 60 50 100

163

A4 KESHSKEXRNELBHALS S KEHEGSEKXEBVEILNHE
RO IR 35 SR i T2 (AEE P* Pty = 0.01)

op?f



302 H 3 & £ # 15 &

FEAIHS B R RE SRS TR BR, = 100 BbRY , & 2 R T8 A2 80 85% L I

MBL S BISH TTBE], B E R AR T IR R e E SRR o = 0.1
RSB B, S X — S AT M R TS, BESUSE. LR ERR
ENFERED, YN 0 = 0.01 B, BRERKAT 5%; % o> 0.01 if 562 0 fyRn, 2
= o —SE N, B, AAR MG MR BT E RS A B RSR Y, EA
TR AW AA Y B R I M S T B R R M TR K TE AR S P TR A2 A

bé

[T1

\N[1”

H

2 F X B

[ 1] R4~ BaBRTENES T ENEMIERDBRENTS B B8 2 H1(1979), p 121,
(2] RESRKRAELATITHENBTS AT EN A SHMERERE—HO980)5 2, p 1122,
[3] BERLIFERBFEAAMEVEIESHARECE R SEH T kit b5, 1984 4, p 101—128,

MODELLING OF DISTRIBUTIVE PARAMETERS FOR LONG
GAS PIPELINES AND ITS ENGINEERING
APPLICATION

Lu ZeHuA

(Oinghua University)

ABSTRACT

This paper presents a new method that deals with a regulation object with distributive pa-
rameters, such as a long gas pipeline, by use of transfer functions. The long gas pipelines sup-
ply compressible natural gas, therefore, the differential equations describing their dynamic
responses are quite complicated. With the new method, the distributive parameters: are trans-
formed from time to frequency domain by Laplace transformation, then the resulted differen-
tial equations-Bessel equations are directly resolved to obtain transfer functions describing
the dynamic responses of a regulated object with distributive parameters. The transfer func-
tions obtained are adapted into simple forms convenient#for engineering applications, and the
frequency characteristics and dynamic response of the object are worked out.
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