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Dolzarbligi: sanoat korxonalarida qo‘llaniladigan kondensatorlarning samarali ishlashi ular ichidagi bosim
darajasiga bevosita bog‘liq. Kondensator ichidagi bosim qancha past bo‘lsa (vakuum gancha yuqori bo‘lsa),
kondensatsiya jarayoni shuncha tez va to‘liq amalga oshadi. Qishki mavsumda sovutish suvi harorati 10-15 °C
atrofida bo‘lib, kondensator ichidagi bosimni 4 kPa gacha ushlab turish mumkin. Ammo yozgi mavsumda sovutish
suvi harorati 30—40 °C gacha ko‘tarilganda, kondensator ichidagi bosim 7 kPa va undan yuqori qiymatlarga oshib
ketadi. Bosimning bunday o‘zgarishi bug‘ning to‘liq kondensatsiyalanmasligiga, texnologik jarayon
samaradorligining pasayishiga va qo‘shimcha energiya sarfining ortishiga olib keladi. Mavjud kondensatorlarni
tubdan gayta qurish katta kapital mablag® talab qilganligi sababli, oddiy va tejamkor usullar bilan kondensator
ichidagi bosimni pasaytirish imkoniyatlarini o‘rganish dolzarb ilmiy-amaliy muammo hisoblanadi.

Magsad: gorizontal quvurli sirt kondensatorlarida sovutish suvi harorati ko‘tarilganda kondensator ichidagi
bosimni pasaytirish (vakuumni yaxshilash) uchun yuqori qismdan qo‘shimcha suv purkash usulining nazariy
asoslarini ishlab chigish, uning samaradorligini migdoriy baholash va optimal parametrlarini aniglash.

Usullar: Tadgigqotda 168 ta quvurdan tashkil topgan (tashqi diametri 28 mm, ichki diametri 25 mm, devor galinligi
1,5 mm, uzunligi 1 m, bug® kirish oynasi 400x600 mm, ikki yo‘lli) gorizontal kondensator misolida issiglik
almashinuv jarayonlarining matematik modeli qurildi. Kondensatorning issiglik almashinuv yuzasi tashqi diametr
bo‘yicha 14,78 m? ni tashkil etadi. Sirtli kondensatsiya Nusselt tenglamasi, quvur ichidagi sovutish suvi uchun
turbulent rejimdagi issiglik berish gonuniyatlari, bevosita kontaktli gism uchun tomchili ogim nazariyasi
go‘llanildi. Suv bug‘ining to‘yinganlik bosimi va harorati o‘rtasidagi bog‘liglik Antuan tenglamasi yordamida
modellashtirildi. Turli qo‘shimcha suv sarflari uchun kondensator ichidagi bosimning o‘zgarishi tahlil qilindi.
Natijalar: olib borilgan hisob-kitoblar quyidagi natijalarni ko‘rsatdi. Qishki rejim (sovutish suvi harorati 10 °C,
kondensator ichidagi bosim 4 kPa). Kondensator 0,224 kg/s (806 kg/soat) bug‘ni kondensatsiyalash imkoniyatiga
ega. Buning uchun zarur bo‘lgan sovutish suvi sarfi 16,2 kg/s (58,3 m3/soat) ni tashkil etadi. Sovutish suvining
chigish harorati 18,5°C, o‘rtacha logarifmik haroratlar farqi 12,8°C. Yozgi rejim (sovutish suvi harorati 30 °C, bir
xil bug* sarfi 0,224 kg/s). Kondensator ichidagi bosim 4 kPa dan 9,85 kPa gacha ko‘tariladi (5,85 kPa ga oshish).
Bug‘ning kondensatsiya harorati 29 °C dan 45,8 °C gacha ko‘tariladi. Sovutish suvining chiqish harorati 36,2 °C
gacha yetadi. Qo‘shimcha suv purkash usuli qo‘llanilganda. Optimal qo‘shimcha suv sarfi 200-250 kg/soat
(0,0556-0,0694 kg/s) oralig‘ida ekanligi aniglandi. Ushbu sarfda bevosita kontakt hisobiga uzatiladigan issiqlik
quvvati 151,2 kVt ni tashkil etadi. Qo‘shimcha suv purkash hisobiga kondensator ichidagi bosimni 9,85 kPa dan
7,05 kPa gacha pasaytirish mumkin (2,8 kPa ga yaxshilanish). Bug® harorati 45,8°C dan 39,2 °C gacha pasayadi.
Bevosita kontaktli kondensatsiya uchun hajmiy issiglik uzatish koeffitsiyenti 110,4 kVt/(m3-K) oralig‘ida bo‘lib,
bu an'anaviy sirtli kondensatsiyadan 6-8 marta yuqori. Tomchilarning o‘rtacha diametri 1 mm bo‘lganda, bir
sekundda hosil bo‘ladigan tomchilar soni 123600 dona, ularning umumiy issiqlik almashinuv yuzasi esa 0,388
m?/s ni tashkil etadi. Qo‘shimcha suv purkash tizimi uchun zarur bo‘lgan nasos quvvati atigi 0,0277 kVt bo‘lib,
usul yuqori energiya samaradorligiga ega. Samaradorlik tahlili. Qo‘shimcha suv purkash hisobiga kondensator
ichidagi bosim 25% ga pasayadi. Bosimning har 0,1 kPa pasayishi uchun taxminan 16—18 kg/soat qo‘shimcha suv
talab etiladi. Qo‘shimcha suv sarfini 400 kg/soat dan oshirish magsadga muvofig emas, chunki bosim pasayishi
sekinlashadi va suv sarfi ortadi.

Kalit so‘zlar: gorizontal kondensator, sirt kondensatori, bevosita kontaktli issiglik almashinuvi, bosim,
vakuum, sovutish suvi harorati, qo‘shimcha suv purkash, kondensatsiya, bug* sarfi, sovutish suvi sarfi,
quvurlar to‘plami, tomchili oqim, energiya samaradorligi, Antuan tenglamasi, Nusselt tenglamasi.
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AKTYyaJbHOCTD: 3¢ (ekTHBHAA pabdoTa KOHACHCATOPOB, IPUMEHIEMBIX B TPOMBIIUICHHBIX MIPESIPUATHSAXK, HAIIPSI-
MYIO 3aBUCHT OT YPOBHS JJaBJI€HMsI BHyTPU HUX. UeM HIOKe JaBleHHe BHYTPU KOHJEHCATOpa (4eM BBIIIE BAKyyM),
TeM OBICTpee U MOJIHEE MPOUCXOAUT MpoIiecc KOHIeH calHy. B 3uMHuit nepuoa TemnepaTypa oXJaxaaromeil Boapl
coctaiseT oko-y10 10—-15 °C, uTo mo3BosIseT MOoAePKUBATh JaBJICHUE BHYTPH KoHAeHcaTopa 10 4 klla. OxHako
B JICTHHUH TIEPHOJI, KOTJIa TEMIIEPaTypa OXJIakIarolieii Bosl mosbimaercst 1o 3040 °C, naBnenne BHYTPH KOHIIEH-
caropa Bo3pactaetr 10 7 klla u Beime. Takoe n3MeHeHUE JaBJICHUS MPUBOAUT K HEMOJHOW KOHJAEHCAIMHU Tapa,
CHWKCHHIO 3(()EKTUBHOCTH TEXHOJOTMYECKOTO MPOLECca U YBEIMUCHHIO JIOMOJHUTENIbHBIX 3Hepro3arpar. ITo-
CKOJIEKY KOPEHHAs! PeKOHCTPYKIHS CYIIECTBYIOMNX KOHICHCATOPOB TPpeOyeT OONBIINX KallUTaIbHBIX BIOKCHHUH,
n3ydeHHe BO3MOXXHOCTEH CHIKEHHS JIaBIICHNS BHYTPH KOHJICHCATOPA MPOCTHIMA U SKOHOMUYHBIMH METOJAMH SIB-
JISIeTCs aKTyalbHOM Hay4HO-IIPaKTHUECKOH 3a1aueii.

IHens: pazpaboTka TEOPETHIECKHX OCHOB METOJa JOIOJHHUTEIBHOTO BIIPHICKA BOALI B BEPXHIOIO YacTh TOPH30H-
TaJIbHOTO KOXKyXOTPYOHOTO MOBEPXHOCTHOTO KOHAEHCATOpa AJIsl CHIKEHUS JaBleHus (yIydIleHus BaKyyMa) Ipy
MOBBIILICHUH TEMIIEPaTypbl OXTAXKIAOIIEH BOABI, KOJIMUECTBEHHAs OIEHKa ero 3()(EeKTUBHOCTH U ONpeeneHne
ONITHMAJIBHBIX ITAPaMETPOB.

MeToabl: B HCCIEIOBAHIM ITOCTPOCHA MaTeMaTHIeCcKasi MOAENb IMPOLECCOB TEIUI00OMeHa Ha IPHMepe TOPHU30H-
TaJILHOTO KOHJIGHCATOpa, COCTOsIIEero U3 168 TpyO (HapyXHBIH nuamerp 28 MM, BHYTPEHHHH Tuamerp 25 MM,
TONIKHA CTeHKH 1,5 MM, amuHa 1 M, okHO BXxoga mapa 400xX600 MM, aByxxomoBoii). I[lnomane Teronepeaadn
KOHJICHCATO-pa [0 Hapy >KHOMY JHaMeTpy cocTaBisieT 14,78 M2 [y NoOBepXHOCTHOM KOHIGHCALUY UCTIOJIb30BAHO
ypaBHeHue HyccenpTa, i oxiaxaaromnieii Bosl BHYTPH TPYO — 3aKOHOMEPHOCTH TEIUIOOTAa4YH PH TYPOYIJICHT-
HOM PEXHME, AT 30HBI IPSIMOT0 KOHTAKTa — TEOPHs KalenbHOro TeueHus. CBsi3b MEXIy JaBICHHEM U TeMIIepa-
TYpOH HACBIIIEHHUs BOASHOTO Mapa MOAEIMPOBAIach C MOMOIIBIO ypaBHEHUs AHTyaHa. [IpoaHanu3upoBaHo M3Me-
HEHUE JaBICHUs BHYTPH KOHAEHCATOpa MPH Pa3INYHBIX PacXoax JOIMOIHUTEIBHO BIPHICKABAEMOIT BOJBI.
PesyabTatsl: IIpoBegeHHbIE pacdeTsl MOKa3aly CIEAYIONINE Pe3yabTaThl. 3UMHHI peXXuM (TeMmepaTypa oxJia-
skpatomieit Boael 10 °C, napnenue B konaeHcarope 4 klla). Konpencatop cnocoben xkonaeHcupoBats 0,224 kr/c
(806 xr/4) mapa. TpeOyeMblil pacxo oXJIaxaarolnei Boabl coctarisieT 16,2 kr/c (58.3 m3/4). Temmepatypa oxa-
Kmaromiei Bozbl Ha Beixone — 18,5 °C, cpenusis orapudmudeckas pasHocts Temmeparyp — 12,8 °C. JleTHuii pexum
(Temneparypa oxnaxaatomeit Boasl 30 °C, ToT ke pacxon mapa 0,244 kr/c). JlaBneHne B KOHIEHCATOPE TIOBBIIIA-
ercq ¢ 4 xlIla o 9,85 klla (yBenmuuenue Ha 5,85 k[la). Temneparypa koHaeHcauu napa nossimaercs ¢ 29 °C go
45,8 °C. Temnepa-Typa OXJIaKIAMOMICH BOJIBI HA BhIX0/E AocTUraeT 36,2 °C. [Ipu npuMEHEHUH METO/Ia TOTIOTHH-
TENBHOTO BIPBICKA BOABL. Y CTAHOBIIEHO, YTO ONTHMAJIBHBIA Pacxo]l AOMOIHUTENHOH BOIBI HAXOAUTCS B IUAMa-
30He 200-250 kr/4 (0,0556—0,0694 xr/c). [Ipu 3TOM pacxoie TEIoBasi MOIIHOCTh, TiepeiaBaeMast 3a CUeT MPSAMOTO
KOHTaKTa, cocTaB-yisieT 151,2 kBT. 3a cyer BnphIcka JONOIHUTEIBHON BOABI JABJIEHUE B KOHICHCATOPE MOXKHO
cam3uTh ¢ 9,85 klla no 7,05 klla (ymyumenue Ha 2,8 kIla). Temneparypa napa camxkaercs ¢ 48,5 °C mo 39,2 °C.
OObeMHBINH K03 GUILM-EHT Terulonepeauy s NPSIMOTOYHONW KOHAEHCAIMM HaxoauTcs B jauanasone 110,4
kB1/(M*-K), uTo B 6—8 pa3 BbliIe, YeM NpHU TPAJAMIMOHHON MOBEPXHOCTHON KoHeHcalmu. [1pu cpejHeM auameTpe
Kamess | MM KOJIMYECTBO 00pa3yIOUINXCs B CEKYHIy Karlellb cocTaBisieT 123,6 ThICsd, a UX 00IIasi IOBEpXHOCTh
termoodmena — 0,388 m?/c. MoniHOCTh Hacoca, HEOOXOIUMAsS IJIsl CHCTEMBI JOTIONHUTEIBHOTO BIPBICKA BOJBI,
coctapnset Bcero 0,0277 kBT, 4TO CBHIETENBCTBYET O BEICOKOI SHEPTeTHIECKON A3 PEKTUBHOCTH METOAa. AHAIH3
3¢ ¢ekTHBHOCTH. 3a CUeT BIPHICKA AOTOIHUTEIHHON BOABI JaBI€HHE B KOHJEHCATOpe CHIDKaeTcs Ha 25 %. lus
cHIKeHus naBneHus Ha kaxasle 0,1 x[la TpeGyercst mpumepHo 16—18 Kr/4 IOMOIHNTENEHOM BOJIBI. Y BeM4YeHHE
pacxojia JOTOIHUTENEHOI BoJbI cBbine 400 Kr/4 HelenecooOpas3Ho, Tak Kak CHYDKCHUE JaBIICHUS 3aMeUIeTCs, a
pacxo]1 BOJIbI BO3pacTaer.

KunroueBsbie c/10Ba: rOpHU30HTANBHBINH KOHAEHCATOP, TIOBEPXHOCTHBIH KOHAEHCATOP, MPSIMOTOYHBII TEMII000MeH,
JaBJIEHHE, BaKyyM, TeMIIepaTypa OXJIaXKJAlOMeH BOJbI, JOTOTHUTENBHBIH BIPHICK BOABI, KOHICHCANHS, PACXOX
mapa, pacxoj OXJa-XKJalomieil BOABI, TPyOHBIH MydoK, KalelbHOe TeUeHHE, YHeprodhGeKTHBHOCTD, YpaBHEHHE
AHryana, ypaBHenue HyccenbTa.
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Relevance: the efficient operation of condensers used in industrial enterprises is directly dependent on the internal
pressure level. The lower the pressure inside the condenser (the higher the vacuum), the faster and more complete
the condensation process occurs. In the winter season, the cooling water temperature is around 10—-15 °C, which
allows maintaining the pressure inside the condenser up to 4 kPa. However, in the summer season, when the cooling
water temperature rises to 30—40 °C, the pressure inside the condenser increases to 7 kPa and higher. Such pressure
changes lead to incomplete steam condensation, a decrease in the efficiency of the technological process, and an
increase in additional energy consumption. Since the radical reconstruction of existing condensers requires large
capital investments, studying the possibilities of reducing the pressure inside the condenser using simple and eco-
nomical methods is an urgent scientific and practical problem.

Aim: to develop the theoretical foundations of the method of additional water spray into the upper part of a hori-
zontal shell-and-tube surface condenser to reduce pressure (improve vacuum) when the cooling water temperature
rises, to quantitatively assess its efficiency, and to determine its optimal parameters.

Methods: The study developed a mathematical model of heat transfer processes using the example of a horizontal
condenser consisting of 168 tubes (outer diameter 28 mm, inner diameter 25 mm, wall thickness 1,5 mm, length 1
m, steam inlet window 400x600 mm, two-pass). The heat transfer surface area of the condenser based on the outer
diameter is 14,78 m2. The Nusselt equation was used for surface condensation, heat transfer laws for turbulent flow
were applied for the cooling water inside the tubes, and the droplet flow theory was used for the direct contact zone.
The relationship between the pressure and saturation temperature of water vapor was modeled using the Antoine
equation. The change in pressure inside the condenser was analyzed for various flow rates of the additionally
sprayed water.

Results: the calculations showed the following results. Winter mode (cooling water temperature 10 °C, condenser
pressure 4 kPa). The condenser is capable of condensing 0,224 kg/s (806 kg/h) of steam. The required cooling water
flow rate is 16,2 kg/s (58,3 m?/h). The outlet cooling water temperature is 18,5 °C, and the mean logarithmic tem-
perature difference is 12,8 °C. Summer mode (cooling water temperature 30 °C, same steam flow rate 0,224 kg/s).
The pressure inside the condenser increases from 4 kPa to 9,85 kPa (an increase of 5,85 kPa). The steam conden-
sation temperature rises from 29 °C to 45,8 °C. The outlet cooling water temperature reaches 36,2 C. When applying
the additional water spray method. The optimal additional water flow rate was found to be in the range of 200-250
kg/h (0,0556-0,0694 kg/s). At this flow rate, the thermal power transferred due to direct contact is 151,5 kW. By
spraying additional water, the pressure inside the condenser can be reduced from 9,85 kPa to 7,05 kPa (an improve-
ment of 2,8 kPa). The steam temperature decreases from 45,8 °C to 39,2°C. The volumetric heat transfer coefficient
for direct contact condensation is in the range of 110,4 kW/(m?-K), which is 6-8 times higher than that of traditional
surface condensation. With an average droplet diameter of 1 mm, the number of droplets formed per second is
123,6 thousand, and their total heat exchange surface area is 0,45-0,52 m?/s. The power required for the pump of
the additional water spray system is only 0,0277 kW, indicating the high energy efficiency of the method. Efficiency
analysis. Due to additional water spraying, the pressure inside the condenser decreases by 25%. Approximately 16—
18 kg/h of additional water is required for every 0,1 kPa reduction in pressure. Increasing the additional water flow
rate above 400 kg/h is not advisable, as the pressure reduction slows down and water consumption increases.
Keywords: horizontal condenser, surface condenser, direct contact heat exchange, pressure, vacuum, cooling
wate temperature, additional water spray, condensation, steam flow rate, cooling water flow rate, tube bundle,
droplet flow, energy efficiency, antoine equation, Nusselt equation.

1. Kirish (Introduction)

Sanoat korxonalarida issiglik almashinuv qurilmalari, xususan kondensatorlar, texnologik
jarayonlarning ajralmas qismi hisoblanadi. Kimyo, neft-gaz, energetika, ozig-ovgat va boshga so-
halarda keng qo‘llaniladigan kondensatorlarning asosiy vazifasi bug* holatidagi ishchi muhitni sovut-
ish orgali suyuq fazaga o‘tkazishdan iborat. Kondensatorlarning samaradorligi ko‘p jihatdan ular ichida
hosil gilinadigan bosim darajasiga bog‘liq. Kondensator ichidagi bosim gancha past bo‘lsa (vakuum
qancha yuqori bo‘lsa), kondensatsiya jarayoni shuncha tez va to‘liq amalga oshadi, bu esa energiya
sarfini kamaytiradi va qurilma unumdorligini oshiradi. Termodinamika nugtai nazaridan, kondensatsiya
jarayoni bug‘ning to‘yinganlik holatidagi bosim va harorat bilan chambarchas bog‘lig. Suv bug‘i uchun
to‘yinganlik bosimi va harorati o‘rtasidagi bog‘liglik Antuan tenglamasi orgali ifodalanadi. Ushbu
bog‘liglikdan ko‘rinadiki, haroratning har bir darajaga o‘zgarishi bosimning sezilarli o‘zgarishiga olib
keladi.

Amaliyotda kondensatorlarning ish rejimi mavsumiy omillarga, xususan sovutish suvi manbasining
haroratiga bog‘liq holda o‘zgaradi. Qishki mavsumda sovutish suvi harorati 10-15°C atrofida bo‘lib,
kondensator ichidagi bosimni 4 kPa gacha ushlab turish imkonini beradi. Bunday sharoitda kondensator
yugori samaradorlik bilan ishlaydi va texnologik jarayon talab giladigan bug‘ miqdorini to‘liq
kondensatsiyalay oladi.

Birog yozgi mavsumda sovutish suvi harorati 30-40 °C gacha ko‘tarilganda, vaziyat keskin
o‘zgaradi. Sovutish suvi haroratining oshishi bilan kondensator ichidagi issiglik almashinuv inten-
sivligi pasayadi, bug‘ning kondensatsiya harorati ko‘tariladi va natijada kondensator ichidagi bosim
ortadi. Hisob-kitoblar shuni ko‘rsatadiki, sovutish suvi harorati 30 °C bo‘lganda, bir xil bug* yukla-
masida kondensator ichidagi bosim 4 kPa dan 6,8-7,0 kPa gacha ko‘tarilishi mumkin. Bosimning
bunday o‘zgarishi quyidagi salbiy oqibatlarga olib keladi: bug‘ning to‘liq kondensatsiyalanmasligi va
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qurilmadan chiqgib ketishi; texnologik jarayon samaradorligining pasayishi; qo‘shimcha energiya
sarfining ortishi; mahsulot sifatining yomonlashishi; qurilmaning ishlash muddatining gisqarishi.

Mavjud kondensatorlarni tubdan gayta qurish, masalan, issiglik almashinuv yuzasini oshirish yoki
qo‘shimcha sovutish tizimlarini o‘rnatish, katta kapital mablag® va uzoq vaqt talab qi-ladi. Shu sababli,
oddiy va tejamkor usullar bilan kondensator ichidagi bosimni pasaytirish imkoni-yatlarini o‘rganish
dolzarb ilmiy-amaliy muammo hisoblanadi. So‘nggi yillarda bevosita kontaktli issiqlik almashinuvi
usullariga gizigish ortib bormoqda [1-2]. An’anaviy sirtli kondensatorlardan farqgli o‘laroq, bevosita
kontaktli qurilmalarda issiqlik tashuvchi moddalar o‘rtasida ajratuvchi devor mavjud bo‘lmaydi, bu esa
issiqlik uzatishga bo‘lgan qarshilikni kamaytiradi va jarayon samara-dorligini oshiradi [3]. Bevosita
kontaktli kondensatsiyada sovutuvchi suyuglik mayda tomchilar holi-da bug® fazasiga purkaladi va
to‘g‘ridan-to‘g ri kontakt natijasida bug‘ tezda kondensatsiyalanadi. Tadqiqotlar shuni ko‘rsatadiki,
bevosita kontaktli kondensatsiyada hajmiy issiglik uzatish koef-fitsiyenti an'anaviy sirtli
kondensatsiyaga nisbatan 5—10 marta yuqori bo‘lishi mumkin [4-5].

Ushbu tadgiqotda gorizontal quvurli sirt kondensatorlarida yozgi mavsumda sovutish suvi harorati
ko‘tarilganda yuzaga keladigan bosim ortishi muammosini hal gilish uchun kondensatorning yugori
gismidan qo‘shimcha suv purkash usuli taklif etilmoqda. Taklif etilayotgan usulning ilmiy yangiligi
shundan iboratki, mavjud sirt kondensatoriga minimal o‘zgartirish kiritish orqali (purkagichlar
o‘rnatish) bevosita kontaktli issiqlik almashinuvi joriy etiladi va bu hisobiga kondensa-tor ichidagi
bosimni sezilarli darajada pasaytirish mumkin.

Tadgigotning magsadi — aniq parametrlarga ega bo‘lgan gorizontal quvurli sirt kondensatori
misolida qo‘shimcha suv purkash usulining nazariy asoslarini ishlab chiqish, uning samaradorligini
miqdoriy baholash va optimal parametrlarini aniglashdan iborat.

2. Materiallar va usullar (Methods and materials)

Tadqiqot ob’ekti sifatida gorizontal quvurli sirt kondensatori tanlandi. Kondensatorning asosiy
geometrik parametrlari 1-jadvalda keltirilgan.

1-jadval. Kondensatorning geometrik parametrlari.
Table 1. Geometric parameters of the condenser

Quvurlar | Quwvur Quwvur Devor | Quvur | Bug‘kirish | Issiglik al- Issiglik al- | Quvur
soni tashqi ichki dia- | qalin- uzun- yo'li mashinuv mashinuv mate-
diametri | metri d;., | ligi§ ligi o‘lchami yuzasi yuzasi riali
dtash (mm) (mm) l axb (tashqi) (ichki) Fcp,
(mm) (mm) (mm) Ftash (mz)
(m?)
168 28 25 15 1000 400 x 600 14,78 13,19 Po‘lat

Issiglik almashinuv yuzasi tashqi diametr bo‘yicha quyidagi formula bilan hisoblanadi:
Fegsn =N -7 -diggn - L = 168-3,14-0,028 - 1,0 = 14,78 m? Q)

Suv bug‘ining to‘yinganlik bosimi va harorati o‘rtasidagi bog‘liglik Antuan tenglamasi yordamida
ifodalanadi [6]:

lg(P) = A ——— yokiP = 104~Trc )
T+C
bu yerda:
P —to‘yingan bug* bosimi, mmHg (kPa) ; T — harorat, K (°C) ; A, B, C — empirik koeffitsiyentlar.
Suv bug‘i uchun 0-100 °C oralig‘ida: A =8,07131, B =1730,63, C = 233,426
Bosim ma’lum bo‘lganda haroratni hisoblash uchun teskari formula:

_ B
~ A-In(P)

-C 3)

2-jadval. Suv bug‘ining to‘yinganlik bosimi va harorati o‘rtasidagi bog‘liglik jadvali
Table 2. Relationship between saturation pressure and temperature of water vapor

Harorat, °C Bosim, kPa Harorat, °C Bosim, kPa
10 1,23 35 5,63
15 1,71 40 7,38
20 2,34 45 9,59
25 3,17 50 12,35
30 4,25 55 15,76
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Issiglik balansi tenglamalari. Kondensator uchun issiglik balansi quyidagi ko‘rinishda ifodalanadi:
Q= Gbugl 1T = Ggyy * CPs (ts,chiq - ts,kir) (4)

Issiglik uzatish tenglamasi:
Q=k-F-4t, (5)

bu yerda: k — issiglik uzatish koeffitsiyenti, kVt/(m2-K), F — issiglik almashinuv yuzasi, mz, at,, -

o‘rtacha logarifmik haroratlar farqi, °C.
Ocrtacha logarifmik haroratlar fargi:

(tbugl Ls kir ) (tbugl ts chtq) ts,chiq_ts,kir (6)
tbugl ts,kir ) In ( tbugl‘ts,kir )

In(

Atyog =
tbugl tschtq tbugl‘ts,chiq

bu yerda Ty, 4 — bug‘ning kondensatsiyalanish harorati, °C.
Issiglik uzatish koeffitsiyentini hisoblash. Quvurli kondensatorlar uchun issiglik uzatish koef-
fitsiyenti quyidagi formula bilan aniglanadi [9];
— 1 dtash + 1 15 ldev lg dtash 4+ —

1 1
k Apugr Aich dich Xsuv

U]

bu yerda: a;, 4, — bug® tomondan issiglik berish koeffitsiyenti, kKVt/(m?-K), ag,,, — suv tomondan is-
siglik berish koeffitsiyenti, kVt/(m2-K).
Devorning issiglik garshiligi:
A ev
Ryey = ~dev (8)

Po‘lat devor uchun; A4, = 45 Vt/(m-K) = 0,045 kVt/(m:-K). § = 0,0015 m, R4.,= 0,0015 m / 0,045
Vt/(m-K) = 0,0333 (m2-K)/kVt.

Bug® tomondan issiglik berish koeffitsiyenti bo‘yicha hisoblar. Gorizontal quvurlar to‘plamida
bug* kondensatsiyasi uchun Nusselt formulasinig takomillashtirilgan holati [10];

Pkond(Pkond—Pbu )gr}l nd 1 -1

kond\Pkond~Pbug!

O(bug, = 0 ;28[ o ° ko *n 6 (9)
Mkonddtash(tbugl tdevr)

bu yerda: py,nq— suyuglik (kondensat) zichligi, kg/m? (997 kg/m?), p,,q,) — bug* zichligi, kg/m? (bos-
imga bog‘liq, 4 kPa da =~ 0,03 kg/m3), g — erkin tushish tezlanishi, 9,81 m/s?, r— kondensatsiya issigligi,
Jkg (2256x10% J/Kg), A3,,q — suyuglikning issiglik o‘tkazuvchanligi, Vt/(m-K) (taxminan 0,6
Vt/(m-K)), urona— Suyuqglikning dinamik qovushqgoqgligi, Pa-s (taxminan 0,001 Pa:s), d;qs,— quvur
tashqi diametri, m, t,,,4,— bug* harorati, °C, t4,,,— devor harorati, °C.

Suv tomondan issiglik berish koeffitsiyenti. Quvur ichidagi suv harakati uchun issiglik berish koef-
fitsiyenti Reynolds soniga bog‘liq bo‘lib quyidagicha ifodalanadi:

Re = ““ich (10)
Vsuv
bu yerda: w — suvning quvurdagi tezligi, m/s, d;.,— quvur ichki diametri, m, —suvning kinematik

govushqogqligi, m?/s (30 °C da = 0.8x107° m?/s).
Turbulent rejim uchun (Re > 10%):
gy = 0.023 - Re®8 - prot . o (11)
ich
bu yerda: Pr — Prandtl soni (suv uchun 30°C da = 5,5), A,,— suvning issiglik o‘tkazuvchanligi,
Vt/(m-K) (0,6 Vt/(m-K)),
Suv tezligi quyidagi formula bilan aniglanadi:

e — (12)

Ps'N1iyorfiquvur
bu yerda: Nj,,, — bir yo‘ldagi quvurlar soni (84 dona), f; 4y — bitta quvurning ko‘ndalang kesim
yuzasi, m2:
mdich, _ 3,14:(0,025)2

Frquvur = = = 4,91 x 10~4m? (13)

4 4
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Bevosita kontaktli kondensatsiya hisobi. Qo‘shimcha suv purkalganda, bevosita kontaktli konden-
satsiya yuz beradi. Bu jarayon uchun issiglik balansi [12]:

qu'sh = qu'sh " CPsuv * (tbug' - tqo'sh) d (14)

bu yerda: Q,,s,— bevosita kontakt hisobiga olingan issiglik, kVt, G, — go‘shimeha suv sarfi, ks,
tqorsn — go‘shimcha suv harorati, °C, - tuzatish koeffitsiyenti bo‘lib suv tomchilari bug‘ning to‘yinish
haroratigacha gizimaganligi sababli gabul gilindi.

Tomchilar parametrlarini hisoblash. Purkagich orgali suv tomchilarga ajraladi. Tomchilarning
o‘rtacha diametri Sauter formulasi bo‘yicha [13]:

3

_ Znid;
= 2
xnid;

ds; (15)

Amaliy hisob-kitoblar uchun d;, = 1 mm = 0,001 m deb gabul gilish mumkin. Bitta tomchining
massasi:
3,14-(0,001)3

432 — 1000 -

2 =
Tomchilarning soni (sekundiga): N, = % Tomchilarning umumiy yuzasi (sekundiga):

tom

=5233x1077 kg (16)

Mtom = Psuv -

From = Nemds3, (17)

Hajmiy issiglik uzatish koeffitsiyenti. Bevosita kontaktli kondensatsiya uchun hajmiy issiglik
uzatish koeffitsiyenti [14]:

Uv _ Qqo'sh (_’]_8)

Vfaol'Atlog,bevosita

bu yerda: Vi,,,— kondensatorning yuqori gismidagi faol hajm (bug*® fazasi hajmi), m2. Aty 4 pevosita
— bug* bilan tomchilar orasidagi o‘rtacha logarifmik haroratlar fargi, °C.

At _ (tbug!_ttomchi)_(tbugl_ttomchi,chiq) _ ttomchi,chiq_ttomchi (19)
log,bevosita — In ( thugr—ttomchi - In thugr—ttomchi
thugr—ttomchichiq thugr—ttomchichiq

Tomchilarning chiqish harorati t¢omcnichiq = toug:~ (3+5) °C deb gabul gilinadi. Qo‘shimcha suv
purkalgan holatda umumiy issiglik balansi:

Qumumiy = Qsireri + qurkash = Gbugr T (20)
bu yerda Qg;,+;;— quvur sirti orgali uzatiladigan issiglik [16-18].
3. Natijalar (Results)
Qishki rejim hisobi (sovutish suvi harorati 10°C, kondensator ichidagi bosim 4 kPa)

3-jadval. Qishki rejim hisobi natijalari
Table 3. Calculation results for winter operating mode

Parametrlar Belgilanish Qiymat Birlik
Sovutish suvi kirish harorati ts kir 10 °C
Sovutish suvi chigish harorati tschiq 18 °C
Kondensatsiya harorati Eougr 28,96 °C
O-‘rtacha logarifmik haroratlar farqi At1og 14,72 °C
Issiglik almashinuv yuzasi F 14,78 m?
Issiglik uzatish koeffitsiyenti K 2.5 kVt/(m2-K)
Issiglik yuklamasi Q 543,5 kVt
Kondensatsiya issiqligi (4 kPa da) R 2430 kJ/kg
Bug* sarfi Gpug' 0,224 kals
Bug® sarfi Gpug' 806 kg/soat
Sovutish suvi sarfi G 16,2 kals
Sovutish suvi sarfi Gy 58,3 m3/soat
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Suvning quvurdagi tezligi w 1,57 m/s
Reynolds soni Re 49000 -
Suv tomondan issiglik berish Ay 8,24 kVt/(mz2-K)

Yozgi rejim hisobi (sovutish suvi harorati 30 °C, bir xil bug® sarfi). Sovutish suvi kirish harorati:
ts kir=30°C. Bug® sarfi: Gp,,4 = 0,224 kg/s (gishki rejimdagi giymat).

4-jadval. Yozgi rejim hisobi natijalari (qo‘shimcha suv purkashsiz)
Table 4. Calculation results for summer operating mode (without additional water spraying)

Parametrlar Belgilanish Qiymat Birlik
Sovutish suvi kirish harorati Es.kir 30 °C
Bug® sarfi Gpug' 0,224 kals
Kondensatsiya issiqgligi (o‘rtacha) R 2400 kJ/kg
Issiglik yuklamasi Q 537,6 kVt
Sovutish suvi sarfi Gsuv 16,2 kals
Sovutish suvining chigish harorati ts,chiq 37,92 °C
Kondensatsiya harorati (topiladi) thugr 458 °C
Kondensator ichidagi bosim Prona 9,85 kPa
Bosimning o‘zgarishi AP +5,85 kPa
O‘rtacha logarifmik haroratlar farqi Atyog 14,55 °C

Qo‘shimcha suv purkash usulining samaradorligi. Turli go‘shimcha suv sarflari uchun hisob-kitob
natijalari 5-jadvalda keltirilgan.

5-jadval. Turli go‘shimcha suv sarflarida kondensator parametrlarining o‘zgarishi
Table 5. Variation of condenser parameters at different additional water flow rates

Ggorsh Ggorsh: Qpurkash KVt | thug Prond: Bosim pasayishi, Vakuum

kg/soat kgls °oC kPa kPa yaxshilanishi, %
0 0 0 45,8 9,85 0 0
50 0,0139 32,5 44,2 9,12 0,73 7,4
100 0,0278 64,9 427 8,46 1,39 14,1
150 0,0417 97,4 41,3 7,87 1,98 20,1
200 0,0556 129,8 40,0 7,34 2,51 25,5
250 0,0694 162,3 38,8 6,87 2,98 30,3
300 0,0833 194,7 37,7 6,45 3,40 34,5
350 0,0972 227,2 36,7 6,07 3,78 38,4
400 0,1111 259,6 35,8 5,73 4,12 41,8
450 0,1250 292,1 34,9 5,42 4,43 45,0
500 0,1389 3245 34.1 5,14 4,71 47,8

Optimal go‘shimcha suv sarfini aniglash. Optimal qo‘shimcha suv sarfini aniglash uchun bosim pa-
sayishining suv sarfiga nisbati tahlil gilindi.

6-jadval. Qo‘shimcha suv sarfining samaradorlik ko‘rsatkichlari
Table 6. Efficiency indicators of additional water flow rate

Ggorshoraligti, Bosim pasayishi, kPa Suv sarfi ortishi, Samaradorlik, kPa/(kg/soat)
kg/soat kg/soat
0-100 1,39 100 0,0139
100 - 200 1,12 100 0,0112
200 — 300 0,89 100 0,0089
300 — 400 0,72 100 0,0072
400 - 500 0,59 100 0,0059

Optimal sarf oralig‘i 200-250 kg/soat deb gabul qilindi, chunki bu oralig‘da samaradorlik etarlicha
yugori va bosim pasayishi sezilarli. Optimal rejimdagi parametrlar. Optimal go‘shimcha suv sarfi
Ggorsn= 233 kg/soat (0,0647 kg/s) qabul gilindi.

198

Version 2 2026 PROBLEMS OF ENERGY AND SOURCES SAVING https://energy.tdtu.uz/index.php/journal



https://energy.tdtu.uz/index.php/journal

Version 2 2026 PROBLEMS OF ENERGY AND SOURCES SAVING

7-jadval. Optimal rejimdagi asosiy parametrlar
Table 7. Main parameters in the optimal mode

Parametrlar Belgilanish Qiymat Birlik

Qo‘shimcha suv sarfi Gqo'sh 233 kg/soat
Qo‘shimcha suv sarfi Gqo'sh 0,0647 kals
Bevosita kontakt issigligi Qpurkash 151,2 kVt
Sirtli gism issiqgligi Qsirtli 386,4 kVt

thug' 39,2 °C
Kondensatsiya harorati lilég
Kondensator ichidagi bosim Prond 7,05 kPa
Bosim pasayishi AP 2,80 kPa
Bosim pasayishi AP 28,4 %

Tomchi diametri d3, = 1 mm = 0,001 m deb qabul gilinganda: Tomchi parametrlari (G,,s,= 233

kg/soat)
8-jadval. Tomchi parametrlarini hisoblash
Table 8. Calculation of droplet parameters

Parametrlar Belgilanish Qiymat Birlik
Tomchi diametri ds, 1,0 Mm
Bitta tomchi massasi m 5,233x107 Kg
Tomchilar soni (sekundiga) N, 123600 dona/s
Tomchilar soni (soatiga) N; 4,45x108 dona/soat
Bir tomchi yuzasi fi 3,14x10° m?
Tomchilar umumiy yuzasi (sekundiga) F; 0,388 m2/s
Tomchilar umumiy yuzasi (soatiga) F; 1397 m2/soat

Hajmiy issiglik uzatish koeffitsiyenti. Kondensatorning yuqori gismidagi faol hajm V4, = 0,2

m?3 deb gabul gilindi.

9-jadval. Hajmiy issiglik uzatish koeffitsiyentini hisoblash
Table 9. Calculation of the volumetric heat transfer coefficient

Parametrlar Belgilanish Qiymat Birlik

Bevosita kontakt issigligi Qqgorsh 151,2 kVt

Faol hajm Vraol 0,2 m?3

Bug* harorati thugr 39,2 °C

Qo‘shimcha suv harorati Ehugr 30 °C

Tomchi chigish harorati ttomchi,chigish 35 °C

Logarifmik haroratlar farqi ATjogbevosita 6,85 °C

Hajmiy issiglik uzatish koeffitsiyenti U, 110,4 kVt/(m3-K)

10-jadval. Qishki va yozgi rejimlarning giyosiy tahlili
Table 10. Comparative analysis of winter and summer operating modes
Parametrlar Qishki rejim Yozgi rejim Yozgi rejim O¢zgarish
(purkalishsiz) (purkalish bilan)

Sovutish suvi harorati, °C 10 30 30 -
Bug‘ sarfi, kg/soat 806 806 806 0
Sovutish suvi sarfi, 58,3 58,3 58,3 0

m3/soat
Qo‘shimcha suv sarfi, 0 0 233 +233
kg/soat
Kondensatsiya harorati, 28,96 45,8 39,2 -6,6
°C
Kondensator bosimi, kPa 4,0 9,85 7,05 -2,8
Bosimning o°zgarishi, 0 +5,85 +3,05 -2,8
kPa
Issiglik yuklamasi, kVt 543,5 537,6 537,6 0
199

Version 2 2026 PROBLEMS OF ENERGY AND SOURCES SAVING

https://energy.tdtu.uz/index.php/journal



https://energy.tdtu.uz/index.php/journal

Version 2 2026 PROBLEMS OF ENERGY AND SOURCES SAVING

11-jadval. Turli sovutish suvi haroratlarida tavsiya etiladigan qo‘shimcha suv sarfi
Table 11. Recommended additional water flow rates at various cooling water temperatures

Sovutish Bosim (purkalishsiz), Magsadli Tavsiya etiladigan Kutilayotgan bosim,
Suvi kPa bosim, kPa Gqoish, Kg/soat kPa
harorati, °C
25 7,2 5,0 150 5,2
28 8,5 5,5 180 5,7
30 9,9 6,0 200 6,2
32 115 6,5 230 6,8
35 14,2 7,0 280 7,3
38 17,3 7,5 330 7,9
40 19,8 8,0 370 8,4

4. Munozara (Discussion)

Ushbu Olib borilgan tadgiqotlar natijasida gorizontal quvurli sirt kondensatorlarida sovutish suvi
haroratining ko‘tarilishi kondensator ichidagi bosimning sezilarli darajada oshishiga olib kelishi
aniglandi. Qishki rejimda (sovutish suvi harorati 10 °C) kondensator ichidagi bosim 4 kPa ni tashkil
etgan bo‘lsa, yozgi rejimda (sovutish suvi harorati 30 °C) bir xil bug* yuklamasida bosim 9,85 kPa gacha
ko‘tarilgan. Bu 5,85 kPa ga (146 %) bosim ortishi degani bo‘lib, kondensator samaradorligining keskin
pasayishidan dalolat beradi.

Bunday holatning asosiy sababi — sovutish suvi haroratining oshishi bilan kondensatsiya harorati va
bosimining o‘zaro bog‘ligligidir. Antuan tenglamasiga ko‘ra, haroratning har 10 °C ga oshishi bosimni
taxminan 2—2,5 marta oshiradi. Bu gqonuniyat tajriba natijalarida ham o‘z tasdig‘ini topdi.

Taklif etilgan go‘shimcha suv purkash usuli yozgi sharoitda kondensator ichidagi bosimni pa-
saytirishning samarali vositasi ekanligini ko‘rsatdi. Optimal go‘shimcha suv sarfi 200-250 kg/soat
oralig‘ida bo‘lib, bu sarfda bosimni 9,85 kPa dan 7,05 kPa gacha tushirish mumkin (2,8 kPa ga yoki
28,4 % ga pasayish. Bu natija adabiyotlarda keltirilgan ma'lumotlar bilan mos keladi [1, 4].

Qo‘shimcha suv purkash samaradorligining suv sarfiga bog‘ligligi tahlil gilinganda, dastlabki 100
kg/soat sarf eng yuqori samaradorlikka ega ekanligi aniglandi (0,0139 kPa/(kg/soat)). Keyingi har 100
kg/soat sarfda samaradorlik pasayib boradi va 400-500 kg/soat oralig‘ida 0,0059 kPa/(kg/soat) ni tash-
kil etadi. Bu shuni ko‘rsatadiki, qo‘shimcha suv sarfini cheksiz oshirish magsadga muvofig emas,
chunki ma'lum nugtadan keyin bosim pasayishi sekinlashadi va suv sarfi ortadi.

Bevosita kontaktli kondensatsiya mexanizmini tahlil gilish shuni ko‘rsatdiki, 233 kg/soat go‘shim-
cha suv sarfida sekundiga 123600 ta tomchi hosil bo‘ladi. Bu tomchilarning umumiy yuzasi 0,388 m?#/s
ni tashkil etadi. Bir soat davomida esa tomchilarning umumiy yuzasi 1397 m?2 ga yetadi, bu kondensa-
torning o‘z yuzasidan (14,78 m2) taxminan 94,5 marta ko‘p. Aynan shu holat bevosita kontaktli issiglik
almashinuvining yugori samaradorligini tushuntiradi.

Hajmiy issiglik uzatish koeffitsiyenti U,= 110,4 kVt/(m3-K) ni tashkil etdi. Bu an‘anaviy sirtli kon-
densatsiyadagi issiglik uzatish koeffitsiyentidan (k = 2,5 kVt/(m2-K)) taxminan 44 marta yuqori. Al-
batta, bu ko‘rsatkichlarni to‘g‘ridan-to‘g‘ri solishtirish to‘liq o‘rinli emas, chunki ular turli o‘lcham
birliklariga ega. Ammo hajmiy issiglik uzatish koeffitsiyentining yuqgoriligi bevosita kontaktli konden-
satsiyaning intensivligidan dalolat beradi.

Energiya samaradorligi tahlili shuni ko‘rsatdiki, go‘shimcha suv purkash tizimi uchun zarur bo‘lgan
nasos quvvati atigi 27,7 Vt ni tashkil etadi. Kondensator quvvati 537,6 kVt ekanligini hisobga olsak,
go‘shimcha energiya sarfi kondensator quvvatining 0,005 % ini tashkil etadi. Bu juda kichik ko‘rsatkich
bo“lib, usulning yuqori energiya samaradorligini ko‘rsatadi.

Shuni alohida ta'kidlash kerakki, tadgiqotda go‘llanilgan matematik model bir gator soddalashtirish-
larga asoslangan. Masalan, issiqlik uzatish koeffitsiyenti “k” o‘zgarmas deb gabul gilindi, aslida esa u
harorat va bosimga bog‘lig holda o‘zgaradi. Shuningdek, tomchilarning o‘lchami bir xil deb olindi,
amalda esa tomchilar o‘lchami ma'lum bir tagsimotga ega. Keyingi tadgigotlarda ushbu omillarni
hisobga olish modelning anigligini oshirishi mumkin.

Amaliy nuqgtai nazardan, taklif etilayotgan usulni joriy etish uchun kondensatorning yuqori gismiga
purkagichlarni o‘rnatish, suv tayyorlash tizimini (filtrlash) va nasosni o‘rnatish talab etiladi. Bu nisbatan
kichik kapital mablag‘ talab giladi va mavjud kondensatorlarni modernizatsiya gilish imkonini beradi.

Turli sovutish suvi haroratlari uchun ishlab chigilgan tavsiyalar (11-jadval) amaliyotda qulay foy-
dalanish imkonini beradi. Masalan, sovutish suvi harorati 35 °C bo‘lganda, tajriba madelida bosimni
14,2 kPa dan 7,3 kPa gacha tushirish uchun 280 kg/soat qo‘shimcha suv purkash tavsiya etiladi
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5. Xulosa (Conclusion)

Ushbu kondensator ichidagi bosimning oshishi muammosi o‘rganildi va uni hal gilish uchun kon-
densatorning yugori tadgigotda gorizontal quvurli sirt kondensatorlarida sovutish suvi haroratining
ko“tarilishi natijasida kogismidan go‘shimcha suv purkash usuli taklif etildi. Olib borilgan nazariy
tadgiqotlar asosida quyidagi asosiy xulosalar chiqarildi:

1. Qishki rejimda (sovutish suvi harorati 10 °C, kondensator ichidagi bosim 4 kPa) kondensator 806
ka/soat bug‘ni kondensatsiyalash imkoniyatiga ega. Buning uchun zarur bo‘lgan sovutish suvi sarfi 58,3
m?3/soat ni tashkil etadi.

2. Yozgi rejimda sovutish suvi harorati 30 °C ga ko‘tarilganda, bir xil bug* sarfida (806 kg/soat)
kondensator ichidagi bosim 4 kPa dan 9,85 kPa gacha ko‘tariladi, ya’ni 5,85 kPa ga (146 %) ortadi.

3. Taklif etilgan qo‘shimcha suv purkash usuli qo‘llanilganda, optimal qo‘shimcha suv sarfi 200—
250 kg/soat oralig‘ida ekanligi aniqlandi. Aniq optimal qiymat sifatida 233 kg/soat qabul qilindi.

4. Optimal rejimda (Ggosh = 233 kg/soat) qo‘shimcha suv purkash hisobiga kondensator ichidagi
bosimni 9,85 kPa dan 7,05 kPa gacha tushirish mumkin, bu 2,8 kPa ga (28,4%) pasayish degani.

5. Bevosita kontaktli kondensatsiya hisobiga uzatiladigan issiqlik quvvati 151,2 kVt ni tashkil etadi.
Hajmiy issiglik uzatish koeffitsiyenti Uy = 110,4 kVt/(m3-K) ga teng.

6. Tomchi diametri 1 mm bo‘lganda, 233 kg/soat qo‘shimcha suv sarfida sekundiga 123600 ta
tomchi hosil bo‘ladi. Tomchilarning umumiy issiqlik almashinuv yuzasi 0,388 m?/s ni tashkil etadi.

7. Qo‘shimcha suv purkash tizimi uchun zarur bo‘lgan nasos quvvati atigi 27,7 Vt bo‘lib, bu kon-
densator quvvatining 0,005% ini tashkil etadi. Bu usulning yuqori energiya samaradorligidan dalolat
beradi.

8. Bosim pasayishining samaradorligi tahlili shuni ko‘rsatdiki, dastlabki 100 kg/soat qo‘shimcha suv
sarfi eng yuqori samaradorlikka ega (0,0139 kPa/(kg/soat)). Keyingi har 100 kg/soat sarfda samarador-
lik pasayib boradi.

9. Turli sovutish suvi haroratlari (25-40 °C) uchun tavsiya etiladigan qo‘shimcha suv sarflari ishlab
chiqildi. Masalan, sovutish suvi harorati 35 °C bo‘lganda 280 kg/soat, 40 °C bo‘lganda 370 kg/soat suv
purkash tavsiya etiladi.

10. Taklif etilayotgan usul mavjud sirt kondensatorlarini modernizatsiya gilish imkonini beradi,
katta kapital mablag® talab qilmaydi va tezda amalga oshirilishi mumkin.
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