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Dolzarbligi: sanoat kondensatorlarida vakuumni yaxshilash uchun go‘llaniladigan go*shimcha suv purkash tizim-
lari odatda kondensatorning Kirish gismiga o‘rnatiladi. Purkalgan suv tomchilari bug® ogimi bilan kirish zonasi-
dayoq o‘zaro ta’sirlasha boshlaydi va mahalliy gidravlik garshilik hosil giladi. Ushbu mahalliy garshilikning mi-
gdori va uning umumiy vakuumga ta’sirini aniglash muhim ilmiy-amaliy vazifadir.

Magsad: kondensatorning kirish gismiga o‘rnatilgan forsunkalardan purkalgan suv tomchilari hisobiga yuzaga
keladigan mahalliy gidravlik garshilikni aniq hisoblash va uning kondensator vakuumiga ta’sirini baholash.
Usullar: tadgigotda 168 ta quvurli gorizontal kondensator (bug* kirish yuzasi 0.24 m2, quvurlar oralig*idagi kesim
yuzasi 0.13 m2) uchun kirish gismidagi ikki fazali ogim tahlil gilindi. Bug* sarfi 806 kg/soat = 0.224 kg/s, bosim 4
kPa, zichlik 0.028 kg/m3, kirish tezligi 33.3 m/s. Qo‘shimcha suv sarfi 279 kg/soat (0.0775 kg/s), forsunka bosimi
0.2 MPa (2.0 bar), tomchi tezligi 14.0 m/s, tomchi diametri 1.0 mm. Tomchi konsentratsiyasi, aerodinamik garshilik
kuchi, turbulent aralashish qgarshiligi hisoblandi. Parametrlarning o‘zgarishiga bog‘lig holda (suv sarfi, tomchi
diametri, bug* tezligi, forsunka bosimi, sxema turi) garshilikning o‘zgarishi tahlil gilindi.

Natijalar: kirish gismidagi mahalliy gidravlik garshilik 1.83 Pa (0.00183 kPa) ni tashkil etadi. Bu umumiy ikki
fazali garshilikning (0.413 kPa) atigi 0.44% ini tashkil giladi. Vakuumga ta’siri 0.014 mmHg. Suv sarfi 100 kg/soat
dan 300 kg/soat ga oshganda, kirish garshiligi 0.66 Pa dan 1.96 Pa gacha ortadi. Tomchi diametri 0.5 mm dan 1.5
mm gacha oshganda, garshilik 2.05 Pa dan 1.73 Pa gacha kamayadi. Bug* tezligi 25 m/s dan 40 m/s gacha oshganda,
qgarshilik 1.10 Pa dan 2.46 Pa gacha ortadi. Forsunka bosimi 0.1 MPa dan 0.4 MPa gacha oshganda, garshilik 1.88
Pa dan 1.76 Pa gacha kamayadi. Sxema turlari orasida eng yuqori garshilik bug® ogimiga teskari ogimlida for-
sunkada (2.05 Pa), eng past to‘g‘ri ogimlida (1.83 Pa). Garchi teskari ogimli sxema qgarshilikni bir 0z oshirsa-da,
u issiglik almashinuvini yaxshilaydi va kondensatsiya samaradorligini oshiradi. Tahlilar shuni ko‘rsatadiki, suv
tomchilari bug‘ning kinetik energiyasini yutib, uning hajmini keskin kamaytiradi, bu esa qurilmaning umumiy
gidravlik o‘tkazuvchanligiga ijobiy ta’sir ko‘rsatadi.

Kalit so‘zlar: gorizontal kondensator, mahalliy gidravlik qarshilik, ikki fazali ogim, tomchi
konsentratsiyasi, aerodinamik garshilik, turbulent aralashish, vakuum, imploziya effekti.
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AKTYaJIBHOCTB: CHCTEMBI JOIOJHUTENIBHOTO BIPHICKA BOABI, NPUMEHSEMBIC IJIS YJYYLICHUS Bakyyma B
NPOMBIIIJICHHBIX KOHJACHCATOpAaX, 0OBIYHO YyCTaHaBJIMBAKOTCA BO BXO)]HOﬁ 4YacTU KOHACHCaTOopa. PacnbiieHHbIC
Kaluld BOJBl HAYMHAIOT B3aWMOJCHCTBOBAaTH C IMOTOKOM Mapa Y)ke€ BO BXOJHOW 30HE, CO3JaBas MECTHOE
TU/IPaBINYECKOE COMpOTHBIeHHe. OnpeaeneHne BeINYUHBI 3TOT0 MECTHOTO CONPOTHBIICHHS M €r0 BIUSHUS Ha
00yt BakyyM sIBIISIETCS BaXKHOH Hay4HO-TIPAKTUUECKOHN 3a1aueil.

Ieab: TOYHBIA pacyeT MECTHOrO T'HMAPABIMYECKOIO CONPOTHBJICHHUS, BO3HHKAIOLIEr0 M3-32 Karelb BOJBI,
pacnbuisieMbIx (DOPCYHKaMH, YCTQHOBJICHHBIMH BO BXOJHOW 4YacTH KOHJACHCATOpA, M OLEHKA €ro BIHMSHUS Ha
BaKyyM KOHJEHCaTopa.

MeToabl: B HCCICIOBaHWH ObUI MPOAaHATU3UPOBaH ABYX(has3HbIH MOTOK BO BXOJHOH 4acTH TOPH30HTAIBHOTO
KoH/ieHcaTopa ¢ 168 TpyOkamu (momans Bxoaa mapa 0.24 M2, Iomaab )XUBOTo ceueHust Mexay Tpyokamu 0.13
m?). Pacxon mapa cocrarisin 806 kr/ua = 0.224 xr/c, naBnenue 4 klla, mrotHocts 0.028 Kr/M3, CKOPOCTH Ha BXOJE
33.3 m/c. Pacxon mononuutensHON Boasl coctaisit 279 kr/4 (0.0775 kr/c), naBnenne nepexn dpopcynkoit 0.2 MITa
(2.0 6ap), ckopocTh Kamensb 14.0 m/c, nuametp Kamenb 1.0 MM. Beiid paccunTaHbl KOHIIGHTPAIMS Karesb, CHIa
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A3pPOIMHAMHIECKOTO COIIPOTUBIICHUS, CONPOTHUBIEHHE TYpOYJICHTHOTO IepeMeInnBaHus. [IpoaHaIn3upoBaHO
M3MEHEHHUE CONPOTUBIICHNUS B 3aBUCUMOCTH OT U3MEHEHUSI ITApaMeTPOB (Pacxo] BOABL, THaMeTp Kamelb, CKOPOCTh
napa, JaBjaeHue GOPCYHKHU, TUI CXEMBI).

Pe3yabTaThl: MECTHOE THAPABINYECKOE COMPOTHBICHHE BO BXOAHOM yactu coctasnser 1.83 Ila (0.00183 xIla).
3710 Beero b 0.44% ot obuero aByxdaszHoro conporusieHus (0.413 kIla). BiusHue Ha BakyyM COCTaBiIseT
0.014 mm pr. cr. IIpu yBenuuenuu pacxona Bojsl co 100 kr/a 1o 300 Kr/4 BXOHOE COTPOTUBIICHUE BO3PACTALT C
0.66 ITa o 1.96 Ila. IIpu yBenuuenuu nuamerpa kanens ¢ 0.5 Mm 10 1.5 MM conpoTuBieHue ymensinaercs ¢ 2.05
ITa no 1.73 ITa. IIpu yBemmuenun ckopocty mapa ¢ 25 m/c 1o 40 m/c conpotusnenue Bo3pacrtaet ¢ 1.10 Ia no 2.46
ITa. Ilpu yBenmmuennn nasnenus ¢popeyHku ¢ 0.1 MITa mo 0.4 MlIla conpoTuBieHIe He3HAYUTEIHHO YMEHBIIACTCS
c 1.88 Ia no 1.76 Ia. Cpenu THIIOB cXeM HanOOJIbIIIEE COTPOTUBIICHIE HAOIIOJaeTCs TPH IPOTHBOTOYHOH cXeMe
OTHOCHUTEJBHO MoTOKa napa (2.05 Ila), Haumensiee — npu npsimotounoi (1.83 Ila). Xota mpoTuBoTOYHAS cXeMa
HECKOJIBKO YBEITMIMBAET CONPOTHBIICHNE, OHA YIy4IIaeT TEII00OMEH U MOBBIIIAET 3P (PEKTUBHOCTh KOHAECHCAIIUH.
AHanu3bl MOKA3bIBAIOT, YTO KATlIM BOABI MOTJIOMIAIOT KHHETUYECKYIO SHEPTHIO 1apa, pe3K0 YMEHbIIas ero 00beMm,
YTO MOJIOKHUTEIBHO BIUSET Ha OOIIYI0 THIPABIMIECKYIO IPOBOAUMOCTh yCTPONCTBA.

KnioueBble cj10Ba: TOPM30HTAIBHBIN KOHICHCATOp, MECTHOE THIPABIMYECKOE COIPOTHBICHHE, IBYX(ha3HBIH
MOTOK, KOHICHTpanus Kameib, adpoJMHAMHYECKOE CONPOTHUBIIEHHE, TypOyJIeHTHOE IepeMeIlNBaHHe, BaKyyM,
3¢hGEeKT UMIIO3HH.
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Relevance: additional water spraying systems used to improve vacuum in industrial condensers are typically in-
stalled at the condenser inlet section. The sprayed water droplets begin to interact with the steam flow already in
the inlet zone, creating local hydraulic resistance. Determining the magnitude of this local resistance and its impact
on the overall vacuum is an important scientific and practical task.

Aim: to accurately calculate the local hydraulic resistance arising from water droplets sprayed by nozzles installed
at the condenser inlet section and to assess its effect on the condenser vacuum.

Methods: The study analyzed the two-phase flow in the inlet section of a horizontal condenser with 168 tubes
(steam inlet area 0.24 m2, flow cross-sectional area between tubes 0.13 m?). The steam flow rate was 806 kg/h =
0.224 kgl/s, pressure 4 kPa, density 0.028 kg/m3, inlet velocity 33.3 m/s. The additional water flow rate was 279
kg/h (0.0775 ka/s), nozzle pressure 0.2 MPa (2.0 bar), droplet velocity 14.0 m/s, droplet diameter 1.0 mm. Droplet
concentration, aerodynamic drag force, and turbulent mixing resistance were calculated. The variation of resistance
was analyzed depending on parameter changes (water flow rate, droplet diameter, steam velocity, nozzle pressure,
scheme type).

Results: the local hydraulic resistance in the inlet section is 1.83 Pa (0.00183 kPa). This is only 0.44% of the total
two-phase resistance (0.413 kPa). The effect on vacuum is 0.014 mmHg. When the water flow rate increases from
100 kg/h to 300 kg/h, the inlet resistance increases from 0.66 Pa to 1.96 Pa. When the droplet diameter increases
from 0.5 mm to 1.5 mm, the resistance decreases from 2.05 Pa to 1.73 Pa. When the steam velocity increases from
25 m/s to 40 m/s, the resistance increases from 1.10 Pa to 2.46 Pa. When the nozzle pressure increases from 0.1
MPa to 0.4 MPa, the resistance slightly decreases from 1.88 Pa to 1.76 Pa. Among the scheme types, the highest
resistance is observed in the counter-flow scheme relative to the steam flow (2.05 Pa), and the lowest in the co-
current flow scheme (1.83 Pa). Although the counter-flow scheme slightly increases resistance, it improves heat
transfer and increases condensation efficiency. Analyses show that water droplets absorb the kinetic energy of the
steam, sharply reducing its volume, which positively affects the overall hydraulic conductivity of the device.
Keywords: horizontal condenser, local hydraulic resistance, two-phase flow, droplet concentration, aerodynamic
drag, turbulent mixing, vacuum, implosion effect.

1. Kirish (Introduction)

Sanoat kondensatorlarida vakuumni yaxshilash magsadida go‘llaniladigan go‘shimcha suv purkash
tizimlari odatda kondensatorning bug* kirish gismiga o‘rnatiladi [1]. Purkalgan suv tomchilari bug*
ogimi bilan kirish zonasidayoq o‘zaro ta’sirlasha boshlaydi. Bu o‘zaro ta’sir ikki Xil xarakterga ega:
ijobiy — bevosita kondensatsiya hisobiga bosim pasayadi, salbiy — tomchilar bug® ogimiga garshilik
ko‘rsatib, mahalliy bosim ortishiga olib kelishi mumkin [2].
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Mahalliy garshilikning miqdori bir gancha omillarga bog‘lig: tomchi konsentratsiyasi, tomchi va
bug‘ning nisbiy tezligi, tomchi o‘Ichami, ogim rejimi [3]. Kondensatorning kirish gismida bug* tezligi
33.3 m/s ni tashkil giladi (806 kg/soat bug* sarfi va 0.24 m2 kirish yuzasi bo‘yicha).

Suv purkalganida fagat ishgalanish garshiligi emas, balki bug® ogimining kinetik energiyasini
tomchilarni harakatlantirishga sarflanishi ham muhim rol o‘ynaydi [4]. Bundan tashqari, sovuq
tomchilar bug‘ni kondensatsiyalab, uning hajmini keskin kamaytiradi bu esa qurilmaning gidravlik
o‘tkazuvchanligini yaxshilaydi [5].

Ushbu tadgigotning magsadi — kondensator kirish gismidagi mahalliy gidravlik garshilikni aniq
hisoblash, uning turli parametrlarga bog*ligligini tahlil gilish, balansni baholash va vakuumga ta’sirini
aniglash.

2. Materiallar va usullar (Methods and materials)

Jadvalda hisob-kitoblar uchun asos bo‘ladigan kondensator, bug® va forsunka parametrlari keltiril-
gan. Kondensator va bug* parametrlari 1-jadvalda keltirilgan. Bug* tezligi kirish yuzasi 0.24m? bo‘yi-
chahi soblangan:

= _Shua' - 224/(0.028-0.24) = 0.224/0.00672 = 33.3 m/s 1)

W, ot i
bug’ kir PbugrFrir

Bu sanoat kondensatorlari uchun odatdagi qiymat [1]. Forsunka bosimi 0.2 MPa (2.0 bar) sanoatda
keng targalgan giymat [6].

1-jadval. Kondensator va bug* parametrlari
Table 1. Condenser and steam parameters

Parametrlar Belgilanish Qiymat Birlik
Bug* sarfi Gpugr 806 kg/soat
Bug* sarfi Gpugr 0.224 kals
Bug‘ bosimi Pougr 4.0 kPa
Bug* zichligi Poug: 0.028 kg/m3
Bug‘ kinematik qovushqoqligi Vhugr 3.5-10* m2/s
Bug* kirish yuzasi Frir 0.24 m2
Bug* kirish tezligi Whug' kir 33.3 m/s
Qo‘shimcha suv sarfi (nominal) Gqo'sh 279 kg/soat
Qo‘shimcha suv sarfi Ggo'sh 0.0775 ka/s
Forsunka bosimi (nominal) Py 0.2 MPa
Forsunka bosimi P 200 kPa
Tomchi tezligi (nominal) Wtomchi 14.0 m/s
Tomchi diametri (nominal) d; 1.0 mm
Suv zichligi p 1000 kg/m?3

Tomchi konsentratsiyasini hisoblash bir tomchining massasi:

d}  1000-3.14-(0.001)3 _
Meom = Pouy b= O = 5233 x 1077 kg @)

Sekundda hosil bo‘ladigan tomchilar soni:

— Gaosh_ 00775
Ne = Meom  5.233x10~7 148,000 dona/s A3)
Bug*ning hajmiy sarfi:

Gpugr__ 0.224
Pbugr 0.028

Viugr= =8.0m3/s 4

Tomchilarning bug* hajmidagi konsentratsiyasi:
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Ny _ 148,000

=
Vbugl

= 18,500 dona/m? 5)

Nisbiy tezlik va Reynolds soni. Forsunka bug® ogimi bilan bir hil yo‘nalishda yaa’ni to‘g‘ri ogimli
sxemada o‘rnatilgan deb hisoblab, nisbiy tezlik:

Aw = Wy o kir — Weomeni = 33.3 — 14.0 = 19.3m/s (6)

Reynolds soni (nishiy tezlik bo‘yicha):

Aw-dtom Pbugr 19.3-0.001-0.028 0.000540
om Phug! = = ~ =551 @
Ubugr 9.8X10 9.8X10

Re, =

Aerodinamik garshilik koeffitsiyenti hisoblash. Sfera uchun garshilik koeffitsiyenti (Re = 55.1):

24 6
Cp ==+ =+ 04 = 1.549 (8)

Bir tomchiga ta’sir giluvchi kuch. Bir tomchiga ta’sir giluvchi aerodinamik garshilik kuchi:

2 2
2. Tom = 6,34 107 N 9)

Fo=Co Ppuy’ -

Hajmiy garshilik kuchi. 1 m3 bug* hajmidagi barcha tomchilarning umumiy garshilik kuchi (hajmiy
kuch):

fo =n,Fp = 18,500 - 6,34 x 1076 = 0.117 N /m? (10)

Bosim gradienti va bosim yo“‘qgotilishi. Hajmiy kuch bosim gradientiga teng:

= = f, =0117 Pa/m (11)
Tomchilarning bug* bilan to‘liq aralashishi uchun zarur bo‘lgan masofa (aralashish uzunligi) kon-
densator kirish kamerasining geometrik o‘lchamiga bog‘lig. Mini-kondensator uchun kirish kamerasi-
ning uzunligi odatda 0.3-0.5 m oralig‘ida bo‘ladi. Qurilmaning real o‘lchamlariga moslash uchun L =
0.4 deb olamiz.
Mahalliy laminar garshilik:

dap

APy = ix

- Laratash = 0.117 - 0.4 = 0.0468 Pa (12)

Turbulent aralashish hisobiga qo‘shimcha qgarshilik. Ikki fazali ogimdagi turbulent aralashish iso-
biga go‘shimcha garshilik empirik formula bilan hisoblanadi [3]:

Ppy rw? ! kir ,
APy, = § PP (22t (13
bu yerda: & = 0.2 — turbulent aralashish koeffitsiyenti. @ = 0(;0272745 =0.346
bug’ L
Phu rw? o, ,
APy = § - 2L buglhir (Z005h ) — 4 074pg (14)
bug’

Umumiy mahalliy garshilik. Kirish gismidagi umumiy mahalliy gidravlik garshilik:
APkiT‘iSh = Aplam + APturb = 0.0468 + 1074 = 1121 Pa (15)
Suv tomchilari bug® bilan o‘zaro ta’sirlashganda, bug* ogimining Kinetik energiyasi tomchilarni
harakatlantirishga sarflanadi. Shu bilan birga, sovuqg tomchilar bug*ni kondensatsiyalab, uning hajmini
keskin kamaytiradi. Bu ikki jarayonning birgalikdagi ta’siri qurilmaning gidravlik o‘tkazuvchanligiga

ijobiy ta’sir ko‘rsatadi.
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Impuls almashinuvi natijasida bug* tezligining kamayishi:

Gqo'sh-Wtom 0.0775-14.0
Awbug' oniy — =~
: Gpug!+Gaosh  0.224+0.0775

(16)

=3.6m/s

Bu bug‘ tezligining 33.3 m/s dan 29.7 m/s ga tushishiga olib keladi. Tezlikning pasayishi bosimning
biroz ortishiga sabab bo‘ladi, ammo kondensatsiya hisobiga hajmining kamayishi bu ta’sirni to‘ldirib,
umumiy gidravlik garshilikni pasaytiradi.

3. Natijalar (Results)
Turli suv sarflarida Kirish gismidagi mahalliy garshiliklar (wy,, 7 ;- = 33.3 M/S, dtop, = 1.0 mm)

2-jadval. Suv sarfiga bog‘liq holda kirish qarshiligining o‘zgarishi
Table 2. Variation of inlet resistance depending on water flow rate

qu’shv an'sh/Gbug' ng, APlamv APturbv APkirishv APkirishv

kg/soat dona/m?3 Pa Pa Pa mmHg
100 0.124 6,630 0.017 0.386 0.403 0.0030
150 0.186 9,950 0.025 0.578 0.603 0.0045
200 0.248 13,300 0.034 0.771 0.805 0.0060
250 0.310 16,600 0.042 0.963 1.005 0.0075
279 0.346 18,500 0.047 1.074 1.121 0.0084
300 0.372 19,900 0.050 1.156 1.206 0.0090

Qo‘shimcha suv sarfiga bog‘liq holda tomchi konsentratsiyasi, laminar va turbulent garshilik kom-
ponentlari, umumiy qarshilik va uning vakuumga ta’siri keltirilgan. Suv sarfi ortishi bilan garshilik
chizigli ravishda ortadi. 100 kg/soat da 0.403 Pa, 300 kg/soat da 1.206 Pa. Vakuumga ta’siri juda kichik
— maksimum 0.009 mmHg. Bu bug‘ning umumiy bosimi (4 kPa) bilan solishtirganda ahamiyatsiz.

Turli tomchi diametrlarida kirish garshiligi (Ggosn= 279 kg/soat, wy,, o7 ;= 33.3 m/s)

3-jadval. Tomchi diametriga bog‘liq holda qarshilikning o‘zgarishi

Table 3. Variation of resistance depending on droplet diameter

dtom: Meom; Neom, Ntom, Fr N fD1 APy, APyizish,
mm kg donals dona/m? D N/m3 Pa Pa
0.5 6.54-10°% 1,185,000 148,000 1.52-10°¢ 0.225 0.090 1.164
0.8 2.68-107 289,000 36,100 3.94-10°¢ 0.142 0.057 1.131
1.0 5.23-107 148,000 18,500 6.34-10°¢ 0.117 0.047 1.121
1.2 9.05-10°7 85,600 10,700 9.31-10°° 0.100 0.040 1.114
15 1.77-10°° 43,800 5,480 1.51-10°° 0.083 0.033 1.107

Tomchi diametri kichiklashgan sari tomchilar soni keskin ortadi, shuning uchun laminar garshilik

ortadi (0.5 mm da 0.090 Pa, 1.5 mm da 0.033 Pa). Turbulent garshilik diametrga bog‘liq emas (1.074
Pa o‘zgarmas). Umumiy garshilik 0.5 mm da 1.164 Pa, 1.5 mm da 1.107 Pa. Kichik tomchilar ko‘proq
garshilik ko‘rsatadi, ammo farq katta emas (5.1%). Kichik tomchilar kondensatsiya samaradorligini
oshirishi sababli, ularni qo‘llash magsadga muvofig.

Turli bug* tezliklarida kirish garshiligi (G4ys,= 279 kg/soat, d¢o,,= 1.0 mm)

4-jadval. Bug" tezligiga bog‘liq holda garshilikning o‘zgarishi
Table 4. Variation of resistance depending on steam velocity

Wbug’,kirr AW& Retom CD Fr N va APlaml APturlﬂ APkirishl
m/s m/s b N/m? Pa Pa Pa
25 11.0 314 | 189 | 3.08-10° 0.057 0.023 0.87 0.893
30 16.0 45.7 1.67 | 5.15-10°° 0.095 0.038 1.26 1.298
33.3 19.3 55.1 155 | 6.34-10°¢ 0.117 0.047 1.55 1.597
35 21.0 60.0 148 | 7.20-10°° 0.133 0.053 1.71 1.763
40 26.0 74.3 1.34 | 9.96-10°° 0.184 0.074 2.24 2.314

Jadvalda bug* tezligining o‘zgarishi bilan nisbiy tezlik, Reynolds soni, garshilik kuchi va umumiy
garshilikning o‘zgarishi keltirilgan. Bug* tezligi 25 m/s dan 40 m/s ga oshganda, laminar garshilik 0.023
Pa dan 0.074 Pa ga (3.2 marta), turbulent garshilik 0.87 Pa dan 2.24 Pa ga (2.6 marta), umumiy garshilik
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0.893 Pa dan 2.314 Pa ga (2.6 marta) ortadi. Bug® tezligi garshilikka kuchli ta’sir giladi. Sanoat kon-
densatorlarida bug* tezligi 30-40 m/s oralig‘ida bo‘lib, bu diapazonda garshilik 1.3-2.3 Pa atrofida.

2.2 G_qgo'sh = 279 kg/soat
d t=1.0mm
P f=0.2MPa
2.0 to'g'ri ogimli sxema
(]
a
=
[}
‘= 1.8 A
¥I
o
=
B 1.6 1
=
<
©
T 1.4
=
.
S
1.2 4
1.0

26 28 30 3|2 34 36 38 40
Bug' tezligi w_b, m/s
1-rasm. Bug‘ tezligga bog‘liglik ravishda kirish garshiligining ortish grafigi
Fig 1. Graph of the increase in inlet resistance as a function of steam velocity

Turli forsunka bosimlarida kirish garshiligi (Ggos, = 279 kg/soat, wy,y, g7 i = 33.3 M/s)

5-jadval. Forsunka bosimiga bog‘liq holda qarshilikning o°zgarishi
Table 5. Variation of resistance depending on nozzle pressure

'\‘: é 'a Ps bar | wyym, mis | AW, m/s | Reiom o Fp,N | fp,N/m® | AP, Pa AP ’ggish'
0.1 1.0 9.9 23.4 66.9 | 1.41 | 8.82:105| 0.163 0.065 1.139
0.15 15 121 21.2 606 | 1.47 | 7.67-10° | 0.142 0.057 1.131
0.2 2.0 14.0 19.3 551 | 155 6.34:10° | 0.117 0.047 1.121
0.25 2.5 15.7 17.6 503 | 1.63 [ 5.30-10° | 0.098 0.039 1.113
0.3 3.0 17.2 16.1 46.0 | 1.72 | 444-10° | 0.082 0.033 1.107
0.35 35 18.6 14.7 420 |1.82]3.70-105| 0.068 0.027 1.101
0.4 4.0 19.8 135 386 | 1.92]3.16:10°| 0.058 0.023 1.097

Forsunka bosimining o‘zgarishi bilan tomchi tezligi, nisbiy tezlik va qarshilikning o‘zgarishi
keltirilgan. Forsunka bosimi ortishi bilan tomchi tezligi ortadi, nisbiy tezlik kamayadi, shuning uchun
laminar garshilik kamayadi. 0.1 MPa da 1.139 Pa, 0.4 MPa da 1.097 Pa. Farq katta emas (3.8%). Tur-
bulent garshilik bosimga bog*‘liq emas (1.074 Pa). Shuning uchun forsunka bosimini oshirish garshilikni
sezilarli kamaytirmaydi. Sanoatda odatda 0.2-0.3 MPa oralig‘i go‘llaniladi.

Turli forsunka sxemalarida kirish garshiligi (Ggosn =279 kg/soat, wy,,, g i =33.3M/S, dtorn=1.0 mm)

6-jadval. Turli sxemalar uchun garshilikning tagqoslanishi
Table 6. Comparison of resistance for different schemes

Sxema Nisbiy tezlik Aw, | Reiom | Cp | APiam, | APpurp, | APrivish, | APgirish
turi formulasi m/s Pa Pa Pa mmHg
To‘gri Whug' kir~ Weom 193 | 55.1 | 155| 0.047 1.074 1.121 0.0084
ogimli
90° 5 N 36.1 103 | 1.09 | 0.082 1.074 1.156 0.0087
burchakli 1/Wbug'.ktr + Wiom
Teskari Whug' kirt Weom 47.3 135 | 0.98 | o0.127 1.074 1.201 0.0090
ogimli

Turli forsunka joylashish sxemalari uchun nisbiy tezlik va garshilik giymatlari keltirilgan. Teskari
ogimli sxemada nisbiy tezlik eng katta (47.3 m/s), shuning uchun laminar garshilik eng yugori (0.127
Pa). To‘g‘ri ogimli sxema eng kichik garshilikka ega (1.121 Pa). Turbulent garshilik barcha sxemalarda
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bir xil (1.074 Pa). Umumiy garshilikdagi farg 0.08 Pa (7.1%) ni tashkil giladi. Vakuumga ta’siri fargi
0.0006 mmHg — amalda sezilmaydi. Garchi teskari ogimli sxema garshilikni bir oz oshirsada, u issiglik
almashinuvini yaxshilaydi va kondensatsiya samaradorligini oshiradi.

2-rasm. Bug* ogimi bilan bir tarafga yo‘nalgan suv sepish jarayoni
Figure 2. The process of spraying water in the same direction as the steam flow

LY

3-rasm. Bug* ogimi bilan bir tarafga va garama-garshi tarafga yonalgan suv sepish jarayonlari
Figure 3. Water spraying processes directed co-currently and counter-currently with the steam flow

4. Munozara (Discussion)

Olingan natijalar shuni ko‘rsatadiki, kondensatorning kirish gismiga o‘rnatilgan forsunkalardan suv
purkash natijasida yuzaga keladigan mahalliy gidravlik garshilik juda kichik — nominal rejimda atigi
1.12 Pa (0.00112 kPa). Bu quyidagi sabablar bilan izohlanadi: bug* tezligining nisbatan pastligi: 33.3
m/s sanoat kondensatorlari uchun odatdagi giymat bo‘lib, bu tezlikda tomchilar bilan o‘zaro ta’sir
intensiv emas. Tomchi konsentratsiyasining kichikligi: 18,500 dona/m3 — bu juda katta ko‘rinishi
mumkin, ammo har bir tomchining ta’sir kuchi juda kichik (6.34-10-¢ N). Qarshilikning asosiy gismi
turbulent aralashishdan keladi: laminar garshilik atigi 0.047 Pa, turbulent garshilik esa 1.074 Pa. Tur-
bulent garshilik ham juda kichik. Muhim xulosa: Kirish gismidagi qo‘shimcha garshilik umumiy ikki
fazali garshilikning (0.413 kPa) atigi 0.27% ini tashkil giladi. Vakuumga ta’siri esa 0.0084 mmHg — bu
kondensator vakuumining odatdagi o‘zgarishlari (10-20 mmHg) bilan solishtirganda ahamiyatsiz.

Imploziya effekti: Suv tomchilari bug‘ni kondensatsiyalab, uning hajmini keskin kamaytiradi. Bu
jarayon natijasida bug‘ning tezligi pasayadi va bosim pasayadi. Hisob-kitoblar shuni ko‘rsatadiki, lah-
zalik almashinuvi hisobiga bug* tezligi 3.6 m/s ga kamayadi. Tezlikning pasayishi bosimni biroz
oshirsa-da, kondensatsiya hisobiga hajmining kamayishi bu ta’sirni to‘ldirib, umumiy gidravlik
garshilikni pasaytiradi. Shuning uchun suv purkash nafagat vakuumni yaxshilaydi, balki qurilmaning
gidravlik o‘tkazuvchanligiga ham ijobiy ta’sir ko‘rsatadi.

Sxema tanlash bo‘yicha tavsiya: Teskari ogimli sxema garshilikni bir oz oshirsa-da (7.1%), u issiglik
almashinuvini yaxshilaydi va kondensatsiya samaradorligini oshiradi [5]. Issiglik almashinuvining
yaxshilanishi hisobiga bosim pasayishi garshilik yo‘qotilishidan ancha katta. Shuning uchun amaliyotda
teskari ogimli sxemani go‘llash magsadga muvofiq.
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5. Xulosa (Conclusion)

Ushbu tadgiqotda kondensatorning Kirish gismiga o‘rnatilgan forsunkalardan purkalgan suv tomchi-
lari hisobiga yuzaga keladigan mahalliy gidravlik garshilik aniq hisob-kitoblar bilan aniglandi. Asosiy
xulosalar: kirish gismidagi mahalliy gidravlik garshilik nominal rejimda (G_qo‘sh = 279 kg/soat, w_b
=33.3m/s, d, = 1.0 mm, P, = 0.2 MPa, to‘g‘ri ogimli sxema) 1.121 Pa (0.00112 kPa) ni tashkil giladi.
Bu avvalgi hisob-kitoblardagi quvurlar oralig‘idagi ikki fazali garshilikdan (413 Pa) taxminan 370
marta kichik.

Vakuumga ta’siri juda Kichik — atigi 0.0084 mmHg. Kondensatsiya hisobiga vakuum yaxshilanishi
7.12 mmHg ekanligini hisobga olsak, kirish garshiligi bu yaxshilanishning atigi 0.12% ini tashkil giladi.

Suv sarfining ta’siri: Suv sarfi 100 kg/soat dan 300 kg/soat ga oshganda, kirish garshiligi 0.403 Pa
dan 1.206 Pa ga ortadi (3 marta). Qarshilik suv sarfiga chizigli bog‘lig.

Tomchi diametrining ta’siri: Kichik tomchilar (0.5 mm) katta tomchilarga (1.5 mm) nisbatan 5.1%
yugori garshilik ko‘rsatadi. Bu farg kichik bo‘lgani uchun, kondensatsiya samaradorligini oshirish
magsadida kichik tomchilarni qo‘llash tavsiya etiladi.

Bug‘ tezligining ta’siri: Bug* tezligi 25 m/s dan 40 m/s ga oshganda, garshilik 0.893 Pa dan 2.314
Pa ga ortadi (159%). Bug* tezligi eng kuchli ta’sir giluvchi omil. Sanoat kondensatorlarida bug* tezligi
30-40 m/s oraligida bo‘lib, bu diapazonda garshilik 1.3-2.3 Pa atrofida.

Forsunka bosimining ta’siri: Bosim 0.1 MPa dan 0.4 MPa ga oshganda, garshilik 1.139 Pa dan 1.097
Pa ga kamayadi (3.7%). Ta’sir juda kichik, shuning uchun bosimni 0.2-0.3 MPa oralig‘ida ushlab turish
energiya tejamkorligi uchun magbul.

Forsunka sxemasining ta’siri: Sxemalar orasidagi farq 7.1% (1.121 Pa dan 1.201 Pa gacha). Vaku-
umga ta’siridagi farq 0.0006 mmHg — amalda sezilmaydi. Teskari oqimli sxema issiqlik almashinuvini
yaxshilagani uchun afzal.

Momentum balansi va imploziya effekti: Suv tomchilari bug‘ning kinetik energiyasini yutib, uning
tezligini 3.6 m/s ga kamaytiradi. Kondensatsiya hisobiga bug‘ hajmining keskin kamayishi (imploziya)
qurilmaning gidravlik o‘tkazuvchanligiga ijobiy ta’sir ko‘rsatadi.

Umumiy xulosa: Kondensatorning Kirish gismidagi mahalliy gidravlik garshilik shunchalik
kichikki, uni amalda hisobga olmaslik mumkin. Asosiy garshilik quvurlar oralig‘ida, tomchilarning
bug* bilan uzoq vaqt ta’sirlashuvi natijasida yuzaga keladi. Shu sababli, forsunkalarni kirish gismiga
o‘rnatish vakuumga deyarli ta’sir gilmaydi va kondensatsiya samaradorligini oshirish uchun xavfsiz
usul hisoblanadi. Teskari ogimli sxema garshilikni bir 0z oshirsada, issiqlik almashinuvini yaxshilab,
kondensatsiya samaradorligini oshiradi va umumiy balans ijobiy bo‘ladi.
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