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QUVURLARDAGI IKKI FAZALI MUHITDA VAQTINCHALIK HARAKAT
DIFFERENSIAL TENGLAMALARI

Usmonova Nodira Abduqodir qizi
Samatova Munira Dilshod qizi
Andyon 1qtisodivot va qurilish instituti
Amalily matematika va informatika katedrasi o ’qituvchilars

Annotatsiya: Ushbu maqola filtrlash uchun suv yo qotlishini  hisobga olgan holda
turbulent beqaror harakatni (tkki o’lchovii holat) tavsiflovchi difterentsial tenglamalar tizimini
vechish yollari yoritiladr. Variatsion-farq usuli go llaniladi va sonli natyjalar keltiriladi.

Kalit so’zlar: kvazy bir o’lchovli  vaqtinchalik harakat, quvurlardagr ikki fazali muhit,
gidravilik qarshilik, quvurlar kesishgan maydoni, Laplas transformatsiyasi, qutblar.

AHHOTanuA: B Oanumou cmamve pewaromcs cucmemsvl OupgepenyuanvbHbvix
VPaeHeHull, Komopwvle ONuchlearom mypOyieHmHoe HeyCMAHOBUBUUEC —O8UNCEHUE
(OgymepHbuIli  cyyall) ¢ yyemom nomepvb 600bi Ha uibmpayuto. Ilpumensemcs
8aAPUAYUOHHO PAZHOCMHBIU MEMOO U NPUBOOAMCS YUCTIEHHbLE Pe3YIbmambl

KuoueBble cji0Ba: K8a3u00HOMEpHbIE HEYCMAHOBUBUIUECS OBUNCEHUSL, 08VXDAZHLIX
cpedvl 6 mpybax, 2uopasIuiecKoe CONpomueiieHue, niowaob cedeHus mpyouvl,
npeobpaszoeanue Jlannaca, nonocol.

Annotation: 7his article solves systems of differential equations that describe turbulent
unsteady motion (two-dimensional case), taking mto account water losses due to filtration.
The variational-difference method 1s applied and numerical results are presented.

Keywords: quasi-one-dimensional transient motion, two-phase media in pipes, hydraulic

resistance, pipe cross-sectional area, Laplace transform, poles.

Ushbu magqolada, 1kki fazali muhitning kvaziyali bir o’lchovli beqaror harakatining
tenglamalar1 gidravlik qarshilik (1) hisobga olingan holda kvazistatsion gipotezani qo’llash
asosida olingan.

Silindrsimon trubadagr 1kki fazali suyuqlikning harakat tenglamalari (2) shaklga ega
ekanligi ma'lum.
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Bu yerda g4, 1, p;, p, — birinchi va ikkinchi fazalarning yopishqoqligi va zichhgt;
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f,, f, —g'ovakliligi; k -o’zaro ta'sir koeffitsienti.
(1) va (2 tengliklarni ko’paytirib 2xf, f,rdrva 0 dan R gacha integrallab, (2) dan

foydalanib, oddiy o’zgarishlardan keyin biz quyidagi natijani olamiz

0 oW
- flz f, Ep =f,0 Wl = £ T, AW, —k(FW, — £ \W)). (3)
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W,,W, —birinchi va ikkinchi fazalarning o’rtacha tezligi.
Ikki fazali muhit uchun doimiylik tenglamasi quyidagi shaklga ega
%_l_ a(IOiui)+ a( iui)_l_ piui — O, (I — 112) (5)
ot or oz r
(0) n127,rdrga ko’paytirib va 0 dan R gacha integrallab, har bir tarkibiy qism uchun

alohida, quyidagilarnmi yozamiz

£5P Mg (), £,5%2 Mo

2-0.(7)
ot oz ot oz

Bu yerda M, =27, I ;U rdr —massa xarajatlari, s- truba kesimining yuzi.

Aytaylik, aralashmaning o’rtacha zichligi va trubaning maydoni uchun I'yk qonuni amal

qiladi Pem = p0(1+ pK poj S = 50(1_'_& pEpo )’

oAC

Bu yerda p,- p,bosim zchlgt s,- p=p,.bo’lgandagt yuza. K - suyuqlikni siqish

2
moduli, E-elastiklik moduli, «- o’lchovsiz koeffitsient. (1) tenglamagako’raa% ,
1 a
bundan, p_.s = S,0, {1+ (— + —J(p - P, )} 8)
K, E
(6) va (7) niqo’shib, (8)
nihisobgaolganhold(wdbd'7io’7gdrish1ardankeyinquyddaginiyozamiz
T 8t 82
bu yerda
Po l+a—2
E
3), (4) va 9) tenglamalar - buikkifazalimuhitningo'rtachatezligi,

zichhigivabosimikesishishlarigataalluglhikvazyozometrikharakat.
Olingan tenglamalar, gaz quvurining boshida va oxirida bosim yoki suyuqlik oqimining
o'zgarishini o'rganish, shuningdek, ikki fazali muhit (K, &, pva boshqalar) parametrlarini

aniglash uchun teskart muammolarni yechishda qiziqish uyg'otadi.
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Quvurlardagt 1kki fazali muhitning beqaror harakati masalasini yechishni ko'rib

chigamiz, buning uchun (3), (4) va (9) tenglamalarni quyidagicha yozamiz:

_op_p (aw +aW, +b1W2), _@ 2 (GW +bW, +a, 2)’(10)

o 2L at o f2L ot
_@:Cz(p G pzawj oy aizk_flMAi’az:—k_fZﬂzAz1
ot oz oz Py P2

b= b=
pl(l_ fl) pz(l_ fz)
Biz boshlang'ich va chegara sharoitida (10) sistema uchun yechimni qidirmoqdamiz:
W, (z,0) =W, (z,0) =0, p(z,0) =0, p(0,t) = p(t), W, (1,t) = f (), (11)
Bu yerda ¢(t), f(t)-malum farqlanadigan funktsiyalar Laplas transformatsiyasi
hisoblanadi.
t, ¢ o’zgaruvchilar: bo’yicha Laplas qoidasimi (10) tenglamaga qo’llab (II) hisobga olib,

biz quyidagini yozamiz

N
P2 (542, W,(2,5)+ 22w, (2,5)
a f; f?
0 b .
_Ep - pf222 Wl(z,s)+%(s+a2)/v2(z,s) 12 >
2 2
—sp —CZ[ %+ awz)
pl 82 p2 az Y,
p(0,c) = D(s); W, (4,s) = F(s).(13)
(12) sistemaning birinchi ikki tenglamasidan topamiz
oz A a A
bu yerda
A(S) = a,S* + a5+ A(S) = BiS+ By, Ay(S) =CS+Cy,
a
o = /f01/f722 s, =ay(a, +a,); o =(8,3, —bb,), f = fz B = p2 2 pfltgjl 6 = fz ;
fy
4 _ 2N P2, .
LR 1
(14) sistemadanW, = A, —2W, = G5+ G =W, umuW, = G —W, + C/, _2C1ﬂ2 : 1 W,.
Ay Bis+ p, B B S+ B
B

undan kelib chiqadiki, W, (z,t) va W,(z,t) asl nusxalar funktsional munosabatlar bilan

boglangan

_Poy_,
W(zt)—ﬂlW(zt)+MIe AW (2 )de (15)
2

o°p

(12)  sistemaning uchinchi  tenglamasini  (14) ga qo’yamiz 82—2—/12p:0.

holda P(z,s) = Ae” +Be ™, W, (z,5) = 221 (Ae +Be )

174



IJODKOR O‘QITUVCHI JURNALI

5 FEVRAL /2023 YIL / 26 — SON

a8’ +a,S” + a8
V1St7,
V1= P+ PoC Ve = pufBs + 0,6, (13) shart bizga Ava B o’zgarmaslarni topishga

Bu yerda A(s) = %\/ , (16)

yordam beradi:

AA, N _M e A 1
—Ae” +Be™ )=F(s), A=®d(s)-D(s - . F(s).
A ( ) (5) ) ( )ZChM AA, 2chAv (5)

e LA
2chAl ~ AA, 2chAl

Topshiriglarning yechimi quyidagi ko’rinishga ega:

B =d(s) F(s).

chA(f-z) A shiz
P(2,5) = 5(s) schA/ SF(s ) schA¢’

~ AA, shA(l-2) shiz
W,(z,s) = SCD(S) chil +SF(S)—SChM’(17)

Tasvirlar uchun asl nusxalar SO(S) va SF(S) vazifalari mavjud ¢'(t)va f'(t), va tasvirlar
mahsuloti asl nusxalarning yaxht yigilishiga mos keladi.
(17) da turgan S®(S) va SF(S) omillarni tahlil gilish kerak.
chA(/—2z) shiz
schAi¢ ~ schis
qutblarga ega
ch[A(s)¢]=0(18)

funksiyalar tenglamaning ildizlariga mos keladigan oddiy S,

A shiz A, shA(¢—-z) (19

AA, schi?’ A  schi/ )

So =0, qutb va funktsiyalar

& va S= I

B N

AN, shA(L-2) XA, sha(t-2) _ fis+f, sha(l-2)
As  chu/ As  AchAl 7.S+y, AchAl

uchun A(S) = 0funktsiyasi uchun (19) qutb emas, chunki I|m ShT)’Z =7.(18) dan esa cosiA/ =0.

qutblardan tashgari mos ravishda S = —

Darhaqiqat, -5 #0,qiymat buning

bundan A +(%j (2n-1?=0; n=12,..(20)

Qutblar Sn (20) tenglama yechimlari bo'lib, bunda u (16) tenglik bilan aniglanadi.

Ushbu funktsiyalarning qoldiglarini  hisoblab, konvolyutsiya teoremasini  qo'llasak,
masalaning yechimini asl nusxada topamiz.

(_%}h{ﬂ{_%jz} . bty

f 1 1 . f' _Et_f

P20 =) % W“(@H( ﬂﬂf (r)e
5 A,

k-1 COSl: 1—=— |2k — 1):|
+ 3£ gl)s : gﬂ( Sj ) j(p ()e>“ dz —

ds

k=1
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sin [% 2k — 1)} .

_23CEDM L AGY _" f (2)e3“dr;

7= 2k —1 S, A (S.) dA(sy)
ds
(71ﬂ2 — 7.5 )Sh{ﬁ(_ 72}(( - Z)} ¢ 7
71 o ()

W,(z,t) = f(t)+ jgo (r)e * dr+

71 71
. (—1)k‘1icos{Z(2k—1)}
+ f'(r)e*"dt +
2, o5 I

0 k-1
2 ( l) ﬁlS +ﬂ2 |: (l —)(Zk 1:|j¢ (z_)eSk(t r)dz.
i 2k=1 7S +7, 2

M

Ikkinchi fazaning tezhigi (15) tenglikdan aniglanadi.
Muammoning aniq yechimidan bir qator amaliy masalalarni ko'rib chigqishda foydalanish
mumkin, masalan, suv bosimi, quvurlardagi bosim o'zgarish.
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