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Magalada mayenin ozliiltiyiiniin va sathi garilmasinin qabarciglarin kollapsina (qapanmasina)
tosiri aragdirilmigdir va riyazi model qurulmusdur. z=R/R, = 0,01 oldugda «,, =0,05 hacm faizli qaz-

maye garwsiginin gabarciglarinin kollaps: aninda atrafindak: tazyiqin tasvirinin profili tapilmugdur.
Agar sozlar: ozliliik, kavitasiya, korroziya, gabarciq, kollaps, tazyiq, zaman, daniz gamisi

GIRIS

Kavitasiya-korrozion dagilmalarin miimkiinlilyiiniin dyronilmasine hosr olunan nozari todqi-
gatlarin naticalori gomigilik vo homg¢inin mexanika iigiin ¢ox vacibdir. Mayedo pulsasiya edon kavi-
tasiya boslugunun horokati haqqinda bir ¢ox masalolora baxilir. Metodikalarin islonmasi vo oxsar
mosalalorin hallinin mithiimlilyli doniz gomilsrinin is¢i sathlorinin kavitasiya eroziyasi proseslori-
nin, kavitasiya bosluglarinin partlamasi proseslori, akustik soslorin vo s. keyfiyyatli todgiqat1 ilo
baghdir.

Biz kavitasiyaya sistemdoki metal sothlordo buxar gabarciglar1 yaradan yiiksok va algaq toz-
yiqli dalgalarin noticesi kimi baxa bilorik. Bu qabarciqlar genislons bilor, sonra iso metal sothdo
yiiksok tozyiqin yaranmasi ilo ¢ox siiratli templo sona bilor (kollaps basa vera bilor). Bunun natico-
sindo oksiddon qoruyucu tobaqe ayrilir vo metal yeyilib dagilir. Buna gabarciglarin kollapsininin
inersiyali rejimi deyilir.

Inersiyali rejimdo mayenin sothi gorilmasini vo 6zliiliiyiinii nozera almasaq qabarciglarm part-
lama prosesi ancaq mayenin radial horakot inersiyasi ilo miioyyan olunur [1]:

MATERIAL VO METODLAR
Mayenin radial horokot inersiyasi Reley-Lamb tonliyi ilo tosvir olunur [2]:

R==% . (1)

Burada R(t) vo Ry — gabarcig@in cari vo baslangic radiuslari, po - baslangic tozyiq vo po -
mayenin gabarciqgdan uzaqda olan tozyiqi, pg — mayenin sixligidir.
Bu tonliyin 1-ci va 2-ci tortib inteqralini

t=0:R=R, R=0
baslangic sortlori daxilindo alariq:
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(2) tonliyinde Ap <0 voR <R, (R — O,I.? — ooJ.

Ogor X, Vo &, ilo qazin cari va baslangic hocm faizini isars etsok, onda :

_ Vaar _ (R} _ R)3 _ (R
az = Voar (R*) = Q3o (Ro) » Q20 = (R*) 3)
Burada R. ilo qabarcigin otrafindaki ekvivalent xananin radiusu igars olunub [3], onda maye

xanasinin hacmi iizra tozyiqinin orta qiymati li¢iin ifado almaq olar. Bunun {igiin (r,t) sferik Eyler
koordinat sisteminds harokat va kasilmazlik tonliyini mayenin sixilmazliq ifadesinds yazaq:

Lav' V%J——@ O
Pl "% )T o
o
r’v,)=0, )
8r( ')

Sorhad sortlorini nozors alaraq (5)-i inteqrallasaq R = R(t) v, ‘r:R 0= R(t) olduqda alarq:

02 L4 2

o 2 2 - 2 .
GoRR W RRERR M RR oy RR ©
r’ ot r? or r’ or r
(6) miinasibatini (4)-do yerino qoysaq alariq:

B . 2 4 o2
_lap_ Fg(RMRJ R R
plor r

(7

(7)—mi r= R(t)—den r-o gqodor inteqrallasaq vo hesab etsok ki, I' = R(t) oldugda p=p,
olur, onda gabarcigin atrafinda tozyiqin paylanmasini tasvir edon diisturu alariq:

2

(R F.{ R* (R
- 0JRRl =1+ l-—+4 —-1 , R)=r <R,

r
Xananin hacmine gore mayenin orta tozyiqi asagidaki miinasibatlo toyin olunur [4]:

R«

J 47zpr
4 (R3 R3) (1 a,)

R3 Ip o
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Sokil 1-do 7=R/R,=1, 7=R/R;=08, 7r=R/R =06, 7=R/R =04,
r=R/R, =02, 7=R/R,=01, 7=R/R,=001. 3/a,, <& <1/70oldugda gabarcigmn

radiusunun 6l¢iisiiz giymotinin miixtolif qiymatlori iiciin mayenin ¢, = 0,05 hocm faizli gaz-maye
garisiginin gabarciqlarinin kollapsi aninda otrafindaki tozyiqin tosvirinin profili (8) diisturunun
osasinda ¢ixarilan naticolorlo gostorilib.
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Sakil 1. Zamanin miixtalif anlarinda kollapsa ugrayan gabarciglarin
otrafindaki tazyiqin profili.

NOTICOLOR VO ONLARIN MUZAKIROSI

Mayenin 6zliliiyiiniin vo sathi gorilmasinin tozyiqo tosirini qiymetlondirmak mogsadils tozyiq
lclin riyazi model ¢ixaraq. Nozordo tutacagiq ki, mayenin sixila bilmo qabiliyyati tozyiqin
paylanmasina zoif tosir edir.

Mayenin sferik (r,t) Eyler koordinat sistemindo horakat vo kasilmoazlik tonliyini yazaq:

of M ., MY__ o |1 O 0v) 2v 10

Ple " T Tar T v ar or r? (10)
0 (.

8r( ') ()

Burada g -mayenin kinematik omsalidir.
Sorhad sortlarini bels yaza bilarik :

. Vil =R (12)

(11) kesilmoazlik tonliyindon vo (12) sorhad sortindon r = R oldugda V| ig¢iin maye

hissalarinin siiratinin profilini toyin etmak olar:
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2,
v, (r,t)=%R (13)

(13) miinasibotindon xiisusi toromalori toyin eds bilorik:

L] 2 . ®
&, 2RR +R’R OV, RR’ v, R*R (14)
il =, = —2 3 N VI = —2 5
ot r or r or r
(11) harakat tonliyindon va (12) sorhadd sortindan alariq:
B o 2 4 42
—LO@:EZ[RMZR ]—2R—5R (15)
por r r
20 R
=p — = —4y— (16)
p‘r:R(t) pO R 4# R

Burada o - sothi gorilmo amsalidir.
r = R(t)-don r-a godar (7)-ni inteqrallasaq qabarcigin atrafinda tozyiqin paylanmasini tosvir

edon diistur alariq:

2

2 . R (R R[ R* (R
S APYA S D = LA S T AT A Y (LA S
P=P R HRTH (r j 2{ r [r ﬂ ’ (17)

R(t)<r<R.

(17) diisturuna goro qabarciqlarin kollaps1 zamani tazyiqin mayeds paylanmasinin epiirasini
qurmaq U¢lin zamanin miixtolif anlarinda vo ya elo r=R/R,-nun miixtolif giymatlorindo (2)

munasibatindan istifada edirik.
t=0:R=R,R=0

baslangic sortlori daxilindo
Ogor ¢=R)/T isaro etsok ¢ koordinati R)/R.<E<R//R vo ya 3/a,y <E<LI/7
araliginda doyisocok. Onda (8) diisturu asagidaki formaya diigocok:

P— Py _ P:(Z—L %_1]1_;_%[2-3—f§+§(l—r3X4—z'3§3)i|

Ap T T T
(18)
20 4v |2 p) U _ 3
s L2 2P =L Ap=p,-p,. 3, <EL]/T
ROAp, RO 3Ap ) pl() 9 p p pOa 20 é:
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Burada belo hesab edilir ki, R = R, , P = P«, daha dogrusu, sonsuzluq sorti xananin
sorhodding gatirilir.
7=R/R, =0,01 oldugda a,,=0,05 hocm faizli qaz-maye qarisigimin gabarciqlarinin kollapsi

aninda otrafindaki tozyiqin tosvirinin profili sokil 2-do (18) tonliyi osasinda ¢ixarilan noticolors
uygun tosvir edilir. Sokil 1 vo gokil 2-nin miiqayisasi gostorir ki, sothigorilmo maye tozyiqinin
giymsotinin azalmasina gotirib ¢ixarir [5].
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Sakil 2. Kollaps zamaninda qgabarciqlarin strafindaki tozyiqin profili

YEKUN NOTICO
Miioyyon edilmisdir ki, kollaps aninda gabarcigin otrafindaki tozyiq yiliksok olsa da, sothi
gorilma maye tozyiqinin qiymatinin azalmasina gatirib ¢ixarir.
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THE EFFECT OF FLUID VISCOSITY AND SURFACE TENSION ON THE
COLLAPSE OF BUBBLES

G.A. Axundova

Abstract. The effect of fluid viscosity and surface tension on the collapse of bubbles was
investigated and a mathematical model was derived. The profile of the description of the pressure
around the moment of collapse of the bubbles of the gas-liquid mixture with the volume
concentration of «,, =0,05 when 7=R/R, =0,01.

Keywords: viscosity, cavitation, corrosion, bubble, collapse, pressure, time, sea vessel

BJIMAHUE BA3ZKOCTHU ) KHAKOCTHU U ITOBEPXHOCTHOI'O HATAKEHHWS HA
CXJIOIIBIBAHHUE 1TY3bIPBKOB

I'.A. AxynaoBa

B cratbe HUCCICAYCTCA BIUAHUC BA3KOCTHU KUIAKOCTHU M IMMOBCPXHOCTHOI'O HATSXKCHUSA Ha
CXJIONbIBaHKE (3aKpBITHE) MY3BIPPKOB M CTPOMTCSA MaTeMaTHueckas Mojenb. IIpoduns xapaxre-
PUCTHKU [JaBJICHUSA B pa1710He MOMCHTA CXJIONbIBAHUS ITY3bIPHKOB Fa30)I(HZ[KOCTHOI>'I CMECHU C
00BEMHOM KOHLIEHTPalMeER a,, = 0,05 mpu 7=R/R, = 0,01 .

KinoueBbie CJI0Ba: 643KOCHb, KABUMAYUs, KOPPO3US, NY3blDb, CXIONbIGAHUE, Oa6leHUe,
8pemsl, MOPCKoe CyOHO
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