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Annotatsiya. Kirish. Jahonda an’anaviy yogqilg ‘i-energiya resurslaridan ogilona va
samarali foydalanish, atrof-muhitga zararli chiqindilar migdorini kamaytirish, qayta tiklanuvchi
energiya manbalariga (quyosh energiyasi, biomassa va chiqindi energiyasi, shamol, ...) asoslangan
energiya tejovchi texnologiyalarni joriy etish dolzarb muammolardan biri hisoblanadi.

Materiallar va usullar. Aktiv quyosh isitish tizimiga ega chiqindi reaktorining issiqlik
almashinuvi sxemasi tagdim gqilingan (1 va 2-rasm). Havo kanalida harakatlanayotgan issiq
havoning issiqlik-fizik xususiyatlarini hisobga olib, issiqlik almashinuvi jarayoni tajribaviy tadqiqot
qgilingan. Tajribalar chigindi reaktori havo kanalida harakatlanayotgan havoning o ‘rtacha tezligi,
wo = 2,7 = 15,0 m/s, havo kanaliga kirishdagi havoning harorati ty,; = 20 + 60°C, havo kanali
devori harorati tg,, = 20 + 65°C oralig ‘ida olib borilgan. Chigindi reaktori havo kanalidagi
issiglik almashinuv jarayoni issiqlik texnikasi va issiqlik almashinuvi nazariyasi kabi hisoblash
usullaridan foydalanib amalga oshirilgan.

Natijalar. Olib borilgan tajribaviy tadqiqot va hisob natijalari issiq havoning turbulent ogim
rejimida Re soni Re<10000 oralig ‘ida bo ‘Iganda Nu va Re sonining o ‘zgarish gqiymatlari olingan.

Xulosa. Chiqindi reaktori havo kanalida harakatlanadigan issiq havo harakat rejimi,
konvektiv issiqlik almashinuvi, issiqlik berish koeffitsiyenti, solishtirma issiglik migdori va berilgan
issiglik migdori bo ‘yicha natijalari olingan.

Kalit so‘zlar: maishiy chiqindi, chiqindi reaktori, aktiv quyosh isitish tizimi, gidrodinamik
harakat rejimi, issiqlik almashinuv jarayoni, issiqlik berish koeffitsiyenti, mezonli tenglamalar.
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Kaprmuackuii rocyapcTBeHHBIN TeXHUUECKH yHuBepcuTteT, Kapiu, Y30ekuctan

Annomauusn. Beeoenue. Oonoii uz akmyanvbHuix 3a0ay 8 mupe A8IAemcs payuoHaIbHoe U
agpexmuenoe Ucnonb308aHue MPAOUYUOHHBIX MONTUBHO-IHEPLEMUUECKUX PeCyPCO8, CHUJCEeHUE
00béMa 8PeOHbIX BbIOPOCO8 8 OKPYICAIOWYIO CPedy, A MAaKmce 6HeOpeHuUe dHepeochepecarouux
MEeXHON02ULl, OCHOBAHHLIX HA B0300HOBNAEMbIX UCMOYHUKAX DHepeuu (COIHeuHas: 3IHep2us,
buomacca u sHepaus 0mxo008, gemep u op.).

Mamepuanvr u memoowl. llpeocmasnena cxema menioooOMeHna C8ANOYHO20 PeaKmopa c
AKMUBHOU coHeuHou cucmemoti Haepesa (pucyuku 1 u 2). C yuemom meniopusuveckux ceoucms
20pAYe20 8030YXAd, OBUNCYWE20Cs 6 B030VUHOM KaHale, Npoyecc meniooOMeHa UcCiedo8an
IKCNEPUMEHMATLHO.  IKCHEPUMEHMbI NPOBOOUNUCL NPU  CLEOVIOWUX NAPAMempax: CpeoHsis
CKOpOCMb  8030YXAd 6 BO30VWHOM KaHAle OmMX00Ho20 peakmopa Wy = 2,7 +150mM/c ,
memnepamypa 6xooaue2o 6030yxa tp; = 20 -+ 60°C, memnepamypa cmenxu kanana tepe, = 20 =+
65°C. IIpoyecc mennoobmena 8 6030yuWHOM Kanaie peakmopa Obll pAcCHUMAaH ¢ UCNOIb308AHUEM
Memo0o8 meniomexHuKu u meopuu menioooMena.

Pezynomameot: B pesynbmame sKkCnepumeHmanbHulX UCCIe008anUll U pacuemos noJyiensl
sHavenus uzmenenus yucen Hyccenoma (Nu) u Petinonvoca (Re) 6 ycnosusx mypoOyieHmHo2o
peaxcuma nomoka 030yxa npu Re<10000.

3akniouenue: Illonyuenvl pes3yrbmamvl NO PeHCUMY OBUNCEHUS 20pA4e20 B030YXd 6
6030VUIHOM KAHALE OMXOOHO020 PeaKmopd, KOHBEKMUBHOMY MenioooMeHny, Kodpduyuenmy
menionepeoayu, y0erbHOMY KOIULeCmsy meniomvl U nepe0aHHoM) KOIUYeCcmay meniomaol.

Kniouegvie cnoea: bvimosvie omxoovl, c8anOuHblL peaxkmop, aKmMueHdas COIHeUHAs
cucmema  Hazpesa, UOPOOUHAMUYUECKULL  PedCUM  OBUINCEHUs, Nnpoyecc  MmenioodmeHa,
Koaghpuyuenm menionepedauu, be3pazmepHole YPaHEeHUsL.
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Abstract. Introduction. One of the urgent problems in the world is the rational and efficient
use of traditional fuel and energy resources, the reduction of environmentally harmful emissions,
the introduction of energy-saving technologies based on renewable energy sources (solar energy,
biomass and waste energy, wind, ...).

Materials and methods. The heat exchange scheme of a waste reactor with an active solar
heating system is presented (Fig. 1 and 2). Taking into account the thermal and physical properties
of hot air moving in the air duct, an experimental study of the heat exchange process was carried
out. The experiments were conducted in the range of the average speed of air moving in the air duct
of the waste reactor, w _0=2.7+15.0 m/s, the air temperature at the inlet to the air duct
t h1=20+60°C, and the air duct wall temperature t dev=20+65°C. The heat exchange process in
the air duct of the waste reactor was carried out using calculation methods such as thermal
engineering and heat exchange theory.
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Results. The results of the experimental study and calculations obtained showed that the
values of the change in the Nu and Re numbers were obtained when the Re number was in the range
of Re<10000 in the turbulent flow regime of hot air.

Conclusion. The results were obtained on the hot air movement mode, convective heat
exchange, heat transfer coefficient, specific heat amount and heat transfer amount of the waste
reactor air channel.

Keywords: household waste, waste reactor, active solar heating system, hydrodynamic
movement mode, heat exchange process, heat transfer coefficient, criterion equations.

Kirish.

O‘zbekiston Respublikasi Prezidentining 2019-yil 17-apreldagi “2019-2028 yillar davrida
O‘zbekiston Respublikasida qattiq maishiy chiqindilar bilan bog‘liq ishlarni amalga oshirish
strategiyasini tasdiqlash to‘g‘risida”gi PQ-4291 sonli qarorida “....qattiq maishiy chiqindilarni qayta
ishlashning samarali va zamonaviy tizimini yaratish; qattiq maishiy chiqindilar bilan bog‘liq ishlarni
amalga oshirish obyektlaridan muqobil energiya manbalari sifatida foydalanish...” bo‘yicha
vazifalar belgilab berilgan.

Ushbu vazifalardan kelib chiqib, gattiq maishiy chiqgindilarni termik qayta ishlash jarayonida
energiya samarador quyosh energetik qurilmalardan samarali foydalanib, “yashil” chiqindisiz
texnologiyalarni joriy qilish magsad qilingan.

Magolada mualliflar tomonidan maishiy chiqindilarni geliotermik usulda qayta ishlab
mugqobil yoqilg’i olishga mo‘ljallangan quyosh havo kollektori va yassi reflektorli qattiq maishiy
chigindilarni termik qayta ishlash qurilmasi ishlab chigilgan [1-5]. Ishlab chiqilgan qurilmaning
chiqgindi reaktori aktiv va passiv quyosh isitish tizimi bilan takomillashtirilgan.

Tadqiqot ishining maqsadi: aktiv quyosh isitish tizimiga ega chiqindi reaktorining issiqlik
rejimini tajribaviy tadqiqot qilish va issiqlik almashinuvi jarayonini ifodalaydigan Nu sonini va
issiqlik berish koeffitsiyentlarini aniqlashdan iborat.

Material va usullar.

Quyosh havo qizdirish kollektoriga ega yassi reflektorli chiqindi reaktorining ishlashining
samaradorligi va ishonchliligi chiqindi reaktorining issiqlik bilan ta’minlash tizimi ganchalik yaxshi
tashkil etilganiga bog‘liq bo‘lib, u issiqlik almashinuv jarayonlarining samaradorligini aniglash
hisoblash usullarining ishonchliligi bilan belgilanadi.

Quyosh havo qizdirish kollektoriga ega yassi reflektorli chiqindi reaktoridagi issiqlik
almashinuv jarayoni tajribaviy tadqiqotlari 1 va 2-rasmlarda ko‘rsatilgan issiqlik almashinuvi
sxemasi bo ‘yicha amalga oshiriladi [6].

1,308 m

o01m 0,05 m
= =] | =
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. —
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1-rasm. Chiqindi reaktoridagi issiqlik almashinuvi sxemasi.
Figure 1. Heat exchange scheme in a waste reactor.

l-rasmda chiqindi reaktoridagi issiqlik almashinuvi sxemasi tasvirlangan bo‘lib, issiqlik
almashinuvi jarayonini hisoblash uchun chiqindi reaktorining devorini yassi devor deb qabul
qilamiz va issiqlik almashinuvi sxemasini quyidagi sxema ko ‘rinishiga keltiramiz.
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2-rasm. Issiqlik almashinuvi sxemasi.
Figure 2. Heat exchange scheme.

Quyosh havo qizdirish kollektoriga ega yassi reflektorli chiqindi reaktoridagi issiqlik
almashinuv jarayoni chiqindi reaktorining yon va pastki tomonlari havo kanalidan oqib o‘tayotgan
issiqlik tashuvchining harakat rejimiga va havo kanali konstruktiv hamda geometrik xususiyatlariga
qarab konvektiv issiqlik almashinuv jarayonini hisoblaymiz. Bunday holatda issiqlik tashuvchi
(havo) ning laminar va turbulent oqim rejimi hamda havo kanali devorlari orqali chiqindi reaktori
ishchi massasiga issiqlik berish shartini hisobga olishimiz zarur.

Quyosh havo qizdirish kollektoriga ega yassi reflektorli chiqindi reaktoridagi issiqlik
almashinuv jarayonini hisoblashimiz uchun chiqindi reaktori yon va pastki havo kanallari kesim
yuzasi, issiq havo oqim tezligini quyidagicha aniqlaymiz:

Havo kanali to‘g‘ri to‘rtburchakli b=0,05 m, balandligi h=0,05 m shaklda b kesim yuzasi
Fni quyidagicha hisoblaymiz:

F=a-b=0,05-0,05=0,0025m?

Chiqindi reaktori havo kanalidan oqib o‘tayotgan havoning tezligini quyidagicha

aniqlaymiz:

Ghavo i
_ 3600 _ 3600 _ o
o ="F 00025 =10 %k
bu yerda Gpqpo — —
4f
dekv = 7

f-kanalning kesishish maydoni, u-to‘liq kanal perimetri.
Reynolds soniga asoslanib, havo kanalida harakatlanayotgan issiq havo oqimi uchun harakat
rejimini quyidagi tenglama asosida aniqlaymiz [6]:
Re = 2ot (1)

v
bu yerda, w, — issiq havoning o‘rtacha tezligi, o [ —havo kanali uzunligi, m; v — issiq havoning

2
kinematik qovushqoqlik koeffitsiyenti, :;—k

Chiqindi reaktori havo kanalida harakatlanayotgan issiq havo harakat oqim rejimi laminar
rejimda bo‘lsa, bu holatda yassi sirt uzunligi bo‘yicha laminar rejimda issiqlik berish quyidagicha
aniqlanadi [7].

Nu = 0,67Re%°Pr033 2)
Bu yerda,
Nu =% 3)
a —issiqlik berish koeftitsiyenti, ———; A —issiqlik o‘tkazuvchanlkik koeffitsiyenti, ——

(m? °C) (m °C)
3 ifodadan issiq havodan chiqindi reaktori havo kanali devoriga issiqlik issiqlik berish

koeffitsiyenti a ni hisoblash ifodasini olamiz [7]:
Nu-A

a=— )
l
Solishtirma issiqlik oqimi quyidagi formula bo‘yicha hisoblanadi:
v
q = altaer = )73 (5)
68 21.03.2025
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bu yerda, t;.y, ts — chiqindi reaktori havo kanali devori va chiqindi massasi harorati, °C.
Chiqindi reaktoriga havo kanali orqali uzatilgan issiqlik miqdorini quyidagi formula
yordamida hisoblaymiz:
Q = aF (tgey — ts) = qF, V1 (0)
Laminar oqim qatlamining qalinligi va yassi devor oldingi chetidan x masofada issiqlik

berishini quyidagi ifodadan hisoblaymiz [7]:
_ 4,64x

61 - \/R_ex (7)
Nu, = 0,335Re2>Pr033 (8)

Ay X WoX
bu yerda, Nu, = == va Re, = o

Kritik uzunlikni xy, laminar chegara gatlamining cheklovchi qalinligi §;, issiqlik berish
koeffitsiyenti a, qiymatlari va yassi devorning oldingi chetidan x = 0,1/;0,27; 0,5 va 1,01
masofada laminar chegara qatlamining galinligini hisoblaymiz.

Chiqindi reaktori havo kanaliga issiq havo issiqlik akkumulyatoriga ega yassi reflektorli
quyosh havo qizdirish kollektoridan yo ‘naltirilgan bo‘lib, issiq havo umumiy quvvati N=16 Vt,

3
hajmiy quvvati Gpe,, = 50+ 130 % bo‘lgan VEBS markali ventilyator yordamida uzatiladi.

Chiqindi reaktori havo kanalida harakatlanayotgan issiq havo harakat oqim rejimi turbulent
rejimda bo‘lsa, bu holatda yassi sirt uzunligi bo ‘yicha turbulent rejimda issiqlik berish quyidagicha
aniqlanadi [7]

Nu = 0,032Re?8 9)
1-jadvalda chiqindi reaktori havo kanalida harakatlanadigan issiq havo harakat rejimi,
konvektiv issiqlik almashinuvi, issiqlik berish koeffitsiyenti, solishtirma issiqlik miqdori va berilgan
issiqlik miqdori bo‘yicha tajribalar natijalari ko ‘rsatilgan.

1-jadval.

Chiqindi reaktori havo kanali issiqlik uzatish koeffitsiyentini aniglash bo‘yicha eksperimental

tadqiqotlar va hisoblash natijalari.

Table 1.

Experimental studies and calculation results for determining the heat transfer coefficient of the

waste reactor air duct.

Ne Wy, Re Nu o, q,
m/s vt V_tz 0,
mo | "

Ve

1. [3,333333333| 790263,9 | 1672,506 | 10,20229 | 0,459103 |2,295515

2. |3,888888889( 921974,6 | 1892,017 | 11,54131 | 0,519359 |2,596794

3. 14,444444444| 1053685 | 2105,323 | 12,84247 | 0,577911 |(2,889556

4. 5 1185396 | 2313,347 | 14,11141 | 0,635014 |3,175068

5. [5,555555556 1317107 | 2516,788 | 15,35241 | 0,690858 |3,454292

6. |6,111111111| 1448817 | 2716,194 | 16,56879 | 0,745595 |3,727977
7. 16,666666667 1580528 | 2912,002 | 17,76321 | 0,799345 |3,996723
8. [7,222222222| 1712239 | 3104,57 | 18,93787 | 0,852204 |4,261022
9. |7,777777778| 1843949 | 3294,194 | 20,09458 | 0,904256 |4,521281

10. 8,333333333| 1975660 | 3481,126 | 21,23487 | 0,955569 |4,777845
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11. [8,888888889 2107371 | 3665,58 | 22,36004 | 1,006202 |5,031009

12. 19,444444444| 2239081 | 3847,741 | 23,47122 | 1,056205 |5,281025

13. 10 2370792 | 4027,771 | 24,5694 1,105623 |5,528115

14. 110,55555556| 2502503 | 4205,809 | 25,65544 | 1,154495 |5,772473

15. |11,11111111| 2634213 | 4381,983 | 26,7301 1,202854 16,014272

16. |11,66666667| 2765924 | 4556,403 | 27,79406 | 1,250733 |6,253663

17. 12,22222222| 2897634 | 4729,169 | 28,84793 | 1,298157 |6,490785

18. 112,77777778| 3029345 | 4900,371 | 29,89226 | 1,345152 |6,72576

19. |13,33333333| 3161056 | 5070,09 | 30,92755 1,39174  16,958699

20. |13,88888889| 3292766 | 5238,401 | 31,95424 | 1,437941 |7,189705

Turbulent oqim qatlamining qalinligi va yassi devor oldingi chetidan x masofada issiqlik
berishini quyidagi ifodadan hisoblaymiz [7]:

_0,37xx

6 = e, (10)
Nu, = 0,0255Re® (11)

Kritik uzunlikni xy, laminar chegara gatlamining cheklovchi qalinligi §;, issiqlik berish
koeffitsiyenti a, qiymatlari va yassi devorning oldingi chetidan x = 0,1/;0,27; 0,5 va 1,01
masofada laminar chegara qatlamining qalinligini 10 va 11 ifodalar yordamida hisoblaymiz va 2-
jadvalda hisob natijalarini ifodalaymiz.

Turbulent oqim qatlamining qalinligi va yassi devor oldingi chetidan x masofada issiqlikzbé??s\lllaid.
Thickness of turbulent flow layer and heat transfer at a distance x from the leading edge O?bellZf .
X 1 Wo,m/s Re, o 6, m Nu, ay

0,1 5 3,333333 79026,39 0,019392 1332,778 12,8851

0,2 5 4,444444 210737,1 0,031875 2921,009 14,11994

0,3 5 6,111111 434645,2 0,041368 4829,853 15,56476

0,4 5 7,777778 737579,7 0,049622 7034,446 17,00199

0,5 5 9,444444 1119541 0,05706 9512,953 18,39396

0,6 5 11,11111 1580528 0,063909 12247,68 19,73479

0,7 5 12,77778 2120542 0,070304 15224,16 21,02641

0,8 5 14,44444 2739582 0,076335 18430,32 22,27269

0,9 5 15 3200569 0,083247 21855,92 23,47775

1,0 5 15,55556 3687898 0,089912 25492,12 24,64539

Xulosa.
Tajribaviy tadqiqotlar natijasida chiqindi reaktoriga yuklangan chiqindi massasining harorati
50+55°C ni ta’minlash maqgsadga muvofiq bo‘ladi. Olib borilgan tadqiqotlar natijasida chiqindi
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reaktori havo kanalida harakatlanayotgan issiq havoning turli oqim tezliklarida (w=1 m/s, wy, =
3 ?, Wy = 6%, Wy =9 %, wy =12 % va wy = 15 m/s) issiq havoning turbulent oqim rejimlarida
havo kanali devoriga issiqlik berish koeftfitsiyenti, konvektiv issiqlik almashinuvi va berilgan
issiglik miqdori bo‘yicha olingan tajriba natijalari Nu = f(Re), a = f(Re) va Q = f(Re)
bog‘ligligini ko ‘rsatadi.
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