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,

w ih ch er s o lu it on 15 20 卿 阳d acc aur cy 0
.

0 1% F SO
.

D沮!er 即t no w Patt em
s
aer ob t ia n de in ht e Pipe l in e

by
e h an ig

n g ig ve n fl o w art e of ga s
一

11咖 d
.

hT ey
e an b e

o b
vser de an d

eOrC
dr de a ft e r fl o w 15 set ady

.

tA ht e s
am

e t im e
,

ht e s ign ia s o f P r es
suer

,

diff 改e n t i ia P r es s

uer an d

vi bart io n id st acn
e of ht e PIPel in e aer ceor

dr de
,

t o o
.

月 1 het
v al ue s

abo ut is
igau

s
aer 即 t for m D AQP ac qu i s it ion

斗st eln w ih ch s
am Ple fer 甲en 叮 15 50ZH

.

hT
e P r coe

s s o f the ex p ier m ent 15 that g a s flo w ar t e ( 10
,

50
,

100
,

200
,

300
,

4X()
,

iun t : % 2 5 1俪
n ) inrC

e

ases
gr a d u ia ly un der ht e

con
id t io n of co n st ant l iqul d fl o w r at e (4

,

6
,

10
,

20
,

40
,

6 0
,

7 0
,

un it : % Zsm殉
,

an d 由en 也e d at a a er g a th e耐 an d er c ol 心de
.

hT e un i st o f m e as o m ent in ht i s paP er

aer ht e on e s of ht e m e t er s u

刘 in ht e e x声泊m en t
.

W iht o u t 印eC l al eXP lan iat o n
,

ht e u in t o f l iqul d fl ow art
e w 15

% 25m A 3瓜
.

叨 d ht e il au id fl o w fst e 15 % 25 llm in
.

a 、
l能 P n o t o 0 1

ex Pe t l r n e n班1 Pl pe l l加 a n Q l e吕t s七心UOn 八七 D 、

A s K e 1C n l】祖 P 0 1 Ie Sl s郎 u o n 八 `

FI G U RE 1
.

hT
e ex Pe ir m e n

alt fl o w Pipe l in e

1
’

牡E A N A L Y S I S O F F L OW P A T T E R N S IN
’

1
’

U 里 P IP E

D泊点gn het wt o 一h a se fl ow
,

if o w Patt em
s
aer

e han gde iw th Ph a s e ve l co iyt
,

d。 ” iyt
,

vi cso
s it y an d s uJ 比ac e

t

绷 on of ht e idn ivi daul hP ase
.

I t not
o ul y a ffe e t s fl o w e h ar a c t e n ist e s

,

m as s an d he at tr an sfe r, an d vi br a it on

hc aar
c t ier ist cs

,

b ul ia so a ff ce st het sy s te m 、

deP en dab i l iyt
,

阳介勿 an d e iff e ien cy
.

h 15 w e ll
·

如。
wn ht at flu id ulP

s at io n aP pe asr w h e n iP pe
fl o w

’
5 Pa r 创刀 e t er s su ch as erP

别亚甘e
,
v e lco iyt

阳 d den s iyt e han ge pe n do i e all y w iht it m e
.

lS u g

fl o w p at t。刀 15 a

ikn d o f tyP i e al fl 说 d p u last ion
.

It
’ 5 o ne

o f the m ia n er a

son
s ht a t

aor use ht e P ipe
an d ht e a tt a e hde in s tr 划m即t s v ibr a et

.

nI or d er t o an al y ez ht e v ib r at i o n e au se d b y

ht e fl ul d fl ow in iPpel me
,

if srt of al l
,

ht e fl o w

Patt em
s
aer

o b s

Veer
d an d cer

o川 e d c aJ吧 ful ly
.

F IG U R卫
.

2 ig
v es out t h e if o w P a tt em

s an d het
e x te n 溢on

o f e xP ier m en t a l p a r a r Oet eI’s
.

Ist

h o n 2 0 in ia 咖
5 15 11卿d fl ow art e

,

an d ve rt ical

iax
s 15 ga s if o w r a et

.

几 e fl ow Pat tem
s 叭七ic h

c an be
s e e n d u n n g t h e e冲en m en t aer bu bbl

e

if ow
,
s lu g fl o w

,

str at 饭ed fl ow
a n d w a Vy fl o w

.

538



A e oc心
n g t o thi si fu ge r

,

ht e n e de de if ow Pa以eI 爪 5 e an b e o b t ia n e d m an u ia ly
.

uD
e t o g var iyt

,

g as 15 m ia n ly at the ot P

o f ht e PIPe
,

an d liqu id 15 at th e b o ott m
.

U s u ia ly
,

g a s
·

11叫 id 卜
刀 o 一h ase h o ir oz n t al fl o w 15 d e if n ed i n t o fo ll o w i n g fl o w

P a找e m s : b u bb l e if o w
,
s lu g if o w

,

str at 讯de fl o w an d w aVy fl o w
.

F l o w Patt em s n o t o n ly e an b e o b s e vr e d d i代龙 t ly
,

b u t al s o e an be an al y eZ d for m m e as ur ed s ig n al s
.

T h e

fl u e ot at i o n s o f P r es s

uer dID P 毗 d iffe er nt un d e r d iffe ern
t fl o w P a t te m s

,
50 Per s s

uer
e han g e s er fl ee t s ht e fl o w in g

s i tU 而on at e
ert ian d e gr ee

.

F o r ex am P l e
, ,

p r e s s切er flu cut iat
o n 15 lagr

e w h en s lu g if ow h a Pep n s
.

F IG U R E
.

3 15

fl u e ot iat o n er sP on s e of v ibart io n id s P lac em ent an d d l价沈n it ia Pesr
s u er i n y

,

2 d i er e t i o n w h i e h aer
s im u ltan e o u s ly

m e as u

耐 hw
e n w = 4

,

g = 50
.

lF o w p at t em s
,

衅
s s

uer an d P咖
v ibiart

o n
aer

e o err sP o n din g to e a e h o th e r
.

To ht i s s lu g

fl o w
,

此 len g th of g as s
lug 15 ab out g

一

13m an d俪 t ia l 15 l o n g
,

w h i le ht o w咖 r 51雌 15 sh o rt
.

T h e fer qu en yC o f 俪
g as 51她s

’

即 p e ar a n e e 15 aP Por xun aet ly 0
.

14城
认忆 c h a gr ee s iw th ht e P SD an ia y s i s r e s u l t v e yr w e l l

.

hT e l e n g ht o f

w at er s lug 15 34 m
,

in hw i e h ht eer aer li tt l e g as bu bb lCS
.

从飞e n ht e er 15 n o g as or l iq u id s lu g
,

an d th e w at e r l e v e l 15

at hct Z5/ P o s iit o n o f het P IP e
,
a Part

o f w at er fl ows bakC af et r a lar g e w a t e r s l u g P as s e s et s t s e ict o n
.

FIG URE
.

3b

s h o w s an in cgt
r

aot d 5 1雌 fl o w ht at ht e liqul d s
lus

s cc it o n A C an d ht e g as 51雌 s ec ti o n
.

H e er ht e liq u id s lu g s e ct io n

A C 15 an al y eZ d if sr t
,

ht en ht e g as s lug CE
.

539



I F G U耽 3
.

iV br比 n od is Pl a

翻
e nt and d iffe r e nti al P re s s u re i ny

,

2 diecr it o n i n s l u g fl ow (场岸月
,

g = 5 0)

The OP l n t A o f 涨沁 it on A C in FIGU RE 3b 15 ht e h e ad of a liqu id s lu g an d Po in t C 15 tall
.

W hen ht e l iqu id 址u g

er ac h het 衅
s

~
s

ens or
,

erP
s

~
r叩 iid y in

~
es 加m po in t A Oo w v al ue ) ot ipo in C伍ihg

v ia ue )
.

T he se ict on
B C 15 ht e Puer l iq山d s lu g, o f w h i c h Pser suer

fl u e tU a tio n 15 s m al ler than het
o ne o f sce it on A B

.

ftA er ht e liqu id s lu g

Pas sse aw ay ht e te st Pipe
,

ht e

erP ss uer 阁
u ce an d het fl ow co m e iin o st a ge o f g as s lu g

.

Th e po int C o f cse it on CE i n F IG U RE 3b 15 ht e
for nt o f ht e gas sl u g an d OP int E i s tall

.

W 11en het ga s slu g

er ac h e s het P

eerUrSS
se nso

r
,

ner
s

suer
d
ceer

a
ses fr o m 印 in t C h( i gh v al u e ) t o 卯iin E ( low va lu e )

.

11甲 id h o ld u p i s

d i娜改 e n t at id 到陌er n t Plac e o f het asm
e g a s s lu g

,

ht e Per s

suer flu ot u iat o n in g as s lu g
’
s i s lar ge r ht an het l iqul d s lu g

’
5

.

D ur in g ht e Por c es s of ga s sl u g fl o w CE in F ig 3b
,

ht e P r e s

~
fl u e atU it on 15 al w ay s lar g e

,

an d de狱冷 n
idn g o f

Per s su r e dopr 15 s low elr a it ve ly
.

U n ti l het gas s lu g CE h a s P ass de ht e
iPpe l in e

,

ht e Per s

suer
b e ig ns ot as c e n d

,

明d het
n ow

Oo m es int o

het
n
ext st ag .e

A N A L Y SI S O F H O R I Z O N T A L P IP E V I B R A IT O N C A U SE B Y TWO
.

P HA SE F L OW

几 e vi b橄 ion o f ht e PiPe yS st em haP P e n s g en e r a 11y bee au se o f me hc 画cal
v ib r iat on

,

flu id v ib r iat o n
,

vi br iat o n o f

ht em sel ve s

adn
e art hqU ake an d 5 0 o n

.

F lul d vi br iat o n i n e lu d e s fl ul d uP l s at ion
,

ga s
一

11卿d if o w v ibart io n
,

hi g h
一

eSP ed

fl o w vi 坛 a it on an d if ow vi b r iat on out is de ht e PIeP l in e
.

T h e ifsr
t thj er e fa c to sr of ht em 眼 p n n e ip al in ht e an a ly s i s of

hit
s p a p 叮

.

FI G IJR E 3a 劝 o ws ht e id ff er o it ia P r e s s u er an d PI P e
’ 5 vi b r iat o n in y

,

2 id r eC it on Wh en ht e 目u g fl o w OC c u r s
.

It

c an be ~
ht at 场七en l iqu id sl u g got ot ht e t e st po i in o iqu id s lu g 15 s

ieCt
o n A C in FI G UR E

.

3b )
,

ht e vi bart ion
d iSP l a c 日叮 e n t o f het iP pe w as uP t o

het m丽m um
.

G as s l u g has liitt e e
ffe ot on ht e

PI P
e

’
5 v ibart i o n

.

iV balt i o n

b ce om
e s
sm ia ler an d sm ia ler aft e r liqul d s lu g P a s s e s

.

F IG U RE 4 ig v e s
v ibr at i o n

’
5 id lSP ac em ent in .X Y

,

2 d i er ct ion 诫 ht gr ad u all y m c r e a s in g ga s fl o w art e

(于 50
,

lX()
,

3的 ) on co dn iiot n ht a t 11胆id fl ow
r at e 15 co n st ant (=w 4 )

.

It iidn
c a te s ht at ht e Pipe

’
5 vi b r a it on de eer ase

s

w he n g a s if ow art
e i

caner ses
.

F i g
.

5 15 vi b r a it on
’
5 id s Plac em en t in X, Y

,

Z d此 ict on hw en il 卿 id月ow
r at e in e er ase

s

(w = 4
,

6
,

20
,

40
,

70 ) u n d e r co dn it ion o f co nst ant g a s fl o w r at e (断 50 )
.

T h e Pipe
’
5 vi br at i o n b eC om

e s s

vee er gr ad u al ly

as het l iqul d fl ow art e g o e s uP, an d ht二 15 ht e m ax 别旧 Pliot d e
.

hT en ht e
am Pil t u d e of IP P

e li n e

com
es d o wn

,

b u t ht e

fer q u en yC in c r e a .se

54 O



k ee P a
oc

n st na (t g= 5 0
,
认户月

,

6
,

2 0
,

4 0
,

7 0)
,

X
一

ax i
s : T im e( l /50 5 )

,

-Y翻
s : vi b耐

o n d i sP la e cm
e n (t mm )

C O N C L U T I O N

G a s
一

11甲id tw o一 h a se fl o w in P IP e lin e 15 Oo n u n on in het P e tr o leum ch em i e al i n dUtS yr e q u iPm en t
.

In ht e Por ee s s

o f g a s
一

il俩d fl o w in g
,

so m e PIP e s vi br a te se
veer ly

o w in g t o het
e han ge s o f fl o w Par am

e t er s
,

P IPe
’
5 e on s tur e t i o n an d

别汀a n ig n g w ay s
.

Fee b l e n e s s PI Pe vi b r a tions
c
oul d not d am

a ge het
e
qu imP en t

,

but m o er i in e n s e v ib r a it on m ay c au s e

P ipe s
’
e on s tr u ct i o n an d ht e e qu ilnn

e nt s at u PPer st er am an d dow
n s ter am h an n fu l

,

ve en t o m a k e ht e m s ot P ur nn i n g
.

T hr o u gh eXP er ha ent
a l esr

e ar c he s o n g as
一

l iqul d wt o

一ase if o w in ht e h ior z on t a l p iPe
,

som
e e却 en m ent

a l er s u l t s

w eer
o bt ia n de

,

but ht e m ce h耐sm 15 n ot fu hrt er an ia yZ e d ht at het fl ul d fl o w in g P

aamr
et er s a fl七e t PIP e

’
5 vi b r iat on

.

nI i it a l e X Pier m e in al er sul t s i n di e aet ht at het Pipe vi biart on get
s w e ak e r an d w e ak er w hen l iq in d fl o w art e ke e P s

co n st ant
,

an d g as fl o w r at e in eer ase
s

.

认飞盯 c as
,

hw en g as if o w r at e 15 co n st an t
,

ht e vi b r iat o n bceo m e s m oer
v io l即 t

『 a d u a lly w iht 11卿 id fl o w art
e in e er as i n g

,

an d ht en het vi balt i o n h as th e m ax a m P l iut d e
.

Sub se q u en t ly the am P li t u d e

o f PI P
e

’
5 vi b r a t io n d e eer ase

s
,

b u t v ib r at ion
’
5 fer qU en c y i n e er a s e s

.

s een fr o m ht e m e a s u ir n g r e s u lt s
,

fl o w p a ar m e t e sr

SU c h as fl ow Pat et m an d Per

ssuer
er SP o n d t o Pipe l ine

’
5 vi biart

o n
.

T h e elr iat o n his P b et w een ht e s e Par am e tesr 15 a w a it

ot be 加时her an al y z ed
.

A C K N OW L E D G EM EN T S

hT e au hot
r 15 gr at e fu l ot S im on Ph il iP ( S c h o o l of C he m ie al nE ig n e ier n g an d nA

a ly it e al cS ien ce
,

Th e U in v e sr it y

o f M an c h e s etr M an c h es etr M 6() IQD
,

U in et d K i n
gdo

m ) an d rD
.

yJ X U fo r ht e ir fl o w P a tt em e x ep n m en t a l u se d in

hit s P a ep r
.

R E F E R E N C E S

1
.

T an p i n s
,

F U 心呐
u n et a l

.

s ut d y on iV biart
o n o f C on v e y i n g Wat e r P IPi n g s y s te m i n p o we

r P l an t
,

T t RJ B INE

ET C HNO工G Y, Vo l
.

4 6
,

N o
.

2
,

2 0 04
.

2
.

Z ha n g D u qin g
,

Zha n g G ua n gc h e n g e t al
.

T r ca t帐爪&5 R ea s o n s fo r V ib iart
o n o f ht e P IPe i n oP w e r P la n t s

,

SH A N D O N G

D认N L I IJ S HU
,

Sh an L地 n g Po w e r T ec h on lo gy
.

Vo l
.

4 7
,

NO
.

l
,

2 0 06
.

54 1


