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Knioueevie cnosa: cucmema KoHOuyuoHuposanus pyonuyno2o éosoyxa (CKPB), menioobmennux
svicokozo oasnenus (TB/]), cudpopacnpederumens (I'P), xonoounvuas mawuna (XM)

Mpodaema. Ilpm nepemaum xonoga Ha [IIyOOKHME TOPU3OHTBI  IMIAXT  CHUCTEMOM
KOHJIUIIMOHUPOBaHus pyaHudHoro Bo3znyxa (CKPB) ¢ TemnooOMEHHWKOM BBICOKOTO JIABICHUS
BO3HMKAIOT OOJIbILIME TIOTEPH X0J10/1a. XO0JIO0/ nepenaércsl peKynepaTuBHeIM yTéM. bombiue notepu
X0JIOAa — 3TO 3HAYMT OOJbIIME MOTEPU DIIEKTPOIHEPIHU Al ero npuroTtomieHus. s nmoboro
MIPOM3BOICTBA 3aTPaAThl DJIEKTPOIHEPTUN HYKHO COKPAaTUTh. B 3Toii cTaThe mpensaraeTcsl 3aMEHUTH
TB/l Ha rHapopaclpeneIuTeb, Onaromaps KOTOPOMY IOTEpH XOJoJa 3HAYMTEIBHO COKPATATCS.
[Ipennaraercst MeToauka pabOTHl CHUCTEMbl KOHIMLIMOHUPOBAHMSA PyZHUYHOro Bo3nyxa ¢ TBJ u
runpopacnpenenureneM. CpaBHuBaeTcss KodpduiueHT mnone3noro aedcteus mnpu padore CKPB ¢
TB/I u ¢ rugpopacupeaenuresemM.

Ananu3 nyoaukaumii. IlpoOGnemoii 3amenst TBJ| Ha ruagpopacmpenenuTelb B CHCTEME
pacmpeneneHus XJIaI0HOCUTENS TITyOOKHX MAaXT COTPYTHUKH Halllel akaJeMuH 3aHIMaiich Oomee 20
neT. bbuto NmoMy4eHo 1ecaTki aBTOPCKUX CBHUJIETENLCTB M MaTeHTOB. [ napopacipeienureb, KOTOPBIH
npejsaraeTcs 37ech, paspadareiBajics Oosee JiecsaTd JieT. B 3ToMm THapopacmpenenutenie HET
TUIPABIMYECKUX YIAPOB MPH MEPEKITIOUEHUH TOTOKOB JKHUIKOCTH.

Henw cratem. IlpennmaraeTcss MeToAMKa TeIUIOTEXHUYECKoro pacdyéra pabdorsr TBJ u
TUApOpacTpeeTuTeNsl CUCTEMbl KOHAMLIMOHMPOBAHUS pPYAHUYHOTO BO3Ayxa IMaxT. Paccunraem
KO3 (UIMEHT TONe3HOTO AeicTBUs mpu pabore cuctembl ¢ TBJl u ¢ TuapopacipenennTeneM.
I'maBHass 3amava craThl — TOKa3aTh Kod((UIMEHT Tone3Horo peiictBus padotet TBI u
THIIPOPACTIPEICTUTENSI M CPABHUTH UX 3P PEKTHBHOCTS.

OcHoBHOI MaTepuan. 1 aHamu3a HCHOJB30BAaH JKcepreTudeckuii Meron. CpaBHEHHE
BapHAHTOB NPHUBEICHO IS OJUHAKOBBIX YCIIOBHH paboTsl rumotetndeckori CKPB. CpaBamBaroTcs
CUCTEMBI C TEIUIOOOMEHHHKOM BBICOKOTO JaBJICHHUS M THIPOpPACHpe/IeiInTeNIeM, KOTOPBI mepenaér
XJIAJIOHOCHUTENb 0€3 ero Harpesa.

THokazamenu CKPB ¢ menioobmeHHUKOM 8blCOKO20 OABIeHUSL.

Pacuérnas cxema npuBeieHa Ha pucyHke 1.

Ucxonnsie nannwie: Q = 15 000 kBm (ko / ¢)

ty=4°C Pi1=3 amm ts=14,5°C Ps= 10 amm
t,=5°C P, =100 amm ts= 15,5°C Ps= 13 amm
t;=10,5°C Ps= 12 amm t;=10°C P, =100 amm
t,=11,5°C Ps= 11 amm tg=11°C Ps =2 amm
Pacxo XJ1al0HOCHUTETIS B CUCTEME:
_ Qi _ 15000
T At 4,18-(11-4) 312,6 @
rae ¢ — 4,187 kIx (xr x Tpan)
XonoawnesHas
yCTaHoBKa
8 L ] 1 (4c}
(11°) 3amm
2amm
100a™ TBA 12 aT™ 11 at™
5 (1059 (11,59
4
3 ))- T ll=13° - i Bosgyxo-
b _ oxnaguTenes

7 10 5
(10°) V (15,59 (1459

100 atm 13 a™™m 10 atm

Puc. 1. Pacuémmnas cxema CKPB ¢ menioobmeHHuKom 6b1COK020 0A6/1eHU
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Harpy31<a TEI000OMEHHHKA BEICOKOTO JaBJICHUA COCTABHUT:

Q,= G ‘At-c = 512,6(10 - 5)-4,187 = 10731 xBm. @)
HarpyBKa aneFaTI/IpOBaHHOFO BOBZ[yXOOXHa,Z[HTCHH:
Qs= G-At-c = 512,6:(14,5 - 11,5)-4,187 = 6439xBm. 3)
DKcepreTuyecKuii Ko3HUIUESHT MOJIC3HOTO AECHCTBYS ¢ TEINIOOOMEHHUKOM BBICOKOTO JaBJICHUS:
n="E.100%= s -100%=18,49% (&)

Junarpamma skcepreTudeckoro OajgaHca TEIUTOOOMEHHWKA BBICOKOTO JaBIICHHS IPHBEICHA Ha
pUCYHKE 2.

E,,-E,,=10902xBm

—

E,,—-E;; =AE=589xBm

v AE = 480 kBm
n=1849%

Puc. 2 Dxcepeemuueckuii 6anranc y31a meniooOMeHHUKA GbICOKO20 OAGNEHUSL

THoxazamenu CKPB c¢ eudpopacnpedenumenem, nepedaioujem Xiao0oHocumensb 0Oe3 Hazpesd.
PacuérHas cxema JaHHOTO YCTPOWCTBA MPHUBEICHA HA PHUCYHKE 3.

[Mapopacnpegenvrent

/ Q,=6429

no pacyeTy

100 atm (9.5%
11 atm
4
12 a™m

- Q,
3 (8,57 2
- Boagyxo-

OXNAZNTEN

6 5
(13%) (12,5°)
13atm 10 a™m

Puc. 3. Pacuémnas cxema cucmemovl KOHOUYUOHUPOBAHUS PYOHUUHO20 8030YXA C
eudpopacnpedenumenem

Ucxonnsie nanusie: Q1=15000 kBm , G1=G,=512.6 xe/c (max xax G=const)

ti=7°C P.= 3 amm ts=12,5°C Ps= 10 amm
t,=8°C P,= 100 amm ts= 13°C Ps= 13 amm
t;=8,5°C Ps= 12 amm t;,=13°C P, =100 amm
t,=9,5°C P,=11 amm ts= 14°C Pg=2 amm
W3MeHeHne TeMIepaTypsl BOIBI B HCIIAPUTENE:
A=t = P00 _70¢ )

cG (4,187-512,6)
Harpy3ka arperaTupoBaHHOTO BO3/1yXOOXJIaUTENS:
Q.= G-Atc=512,6:(12,5-9,5)-4,187 = 6439 kBm (6)
DKCcepreTuYeCKuit KO3 GUITUCHT IOJIE3HOTO JeHCTBUA paboThI CHUCTEMBI c
ruapopacpeaeauTeseM Oyaer:
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n="22.100%= £ 100%= 352 -100%=98,55% (7)

TZ
Juarpamma 31<cepremqe01<oro Oananca pabOThl CUCTEMBI C TUAPOPACIPE/ICIUTEIIEM MIPUBEICHA

Ha pUCYHKE 4.

N X

E,,+E, =5990xBm E, ,+E,,=5903kBm

n=98.55%

Puc. 4. Dxcepeemuueckuii bananc pabomol cucmemvl KOHOUYUOHUPOBAHUSL PYOHUUHO20 8030YXA
¢ euopopacnpedenumenem

Cpasnenue sapuanmog no nomepsim IKCepeu.
OmpenenseM KOJHYECTBO SKCEPTrUU CHUCTEMbl KOHIWLIMOHUPOBAHUS PYJHUYHOIO BO3JIyXa Ha
BX0Ji€ U Bbixojie cucteM i | u Il Bapuantos

g s =Q _15000 B0 =640 kBt (8)
Ha Bxone B cucremy:
£2h5=Q 2 =15000- 2220 ~486,3 kBT 9)
Ha BBIXOJC K BO3AYXOOXJIAAUTCIISIM:
Q1=6629KBT-Ei%;.=6629- = =158,4 kBT (10)
Q2=6439KBT-E!%,.=6439- 222 =197 8 kBt (11)

BenuunHa ko3¢ ¢uiMeHTa HEaaeKBaTHOCTH COCTaBUT I[JIH BapHaHTa C TEINIOOOMEHHUKOM

BBICOKOI'O JJaBJICHUA:
EI 640
K= =——=4,04 12
I gron — 1584~ (12)
Bennunna KOB(i)(l)HL[HCHTa HCAZICKBATHOCTU TIPHU HCIHOJB30BAaHUU THUAPOPACTIPCACIIUTCIIA,

pa60Ta}0mero 0e3 HarpeBa XJIaJOHOCUTCIISL COCTABUT:

_EI™ 4863
K= BET = 1978 =2,46 (13)
CootHotreHue k03(h(HUIMEHTOB HeaIeKBaTHOCTH OYICT:
Ki _ 4,04
Ry = 246 =1,64 (14)

U3 sToro cienyer, YTO BapHaHT C THAPOPACTIPEEIUTENIEM 00eCIIeUUBACT JIyUllIee HCIIOIb30BaHUE
9KCEPIHH, UYTO BBIpaXkaeTcsi 0oJiee BELICOKMMHU TEPMOAHMHAMHYECKIMY TIOKA3aTEIISIMH.

BuiBoasl. 1. Ilpu nepenade xosnona Ha rIyOOKHE TOPU3OHTHI C TEMJIOOOMEHHUKOM BBICOKOTO
JaBJICHUS XOJIOA MepeaaéTcsl peKylnepaTHBHBIM MyTEM, a C TUAPOPACIPECTUTENEM IPOXOIUT Yepe3
THJIPOPACTIPEICTUTENIL W TOCTYNAaeT MPSIMO K BO3JAYXOOXJAIUTENSIM B 3a00HM, STHM JOCTHTaeTCs
3¢ heKkTUBHOE OXJIaXKIEHUE BO3IyXa B 3a00€.

2. IIpu nepenade xJ1aAOHOCUTEINS Ha TIIyOOKME TOPU30HTHI B THAPOPACIIPEEITUTENE OUYeHb Mable
NOTEPHU 3KCEPTUH U 3TUM SKOHOMSITCS 3aTPaThl SHEPTOPECYPCOB.

3. Takum oOpaszom, BumHO, uto cucrema I[ICPX c ruapopacmpenenureneMm OyaeT padoTathb
3¢ deKTHUBHEH, ¢ MEHBIIEH 3aTPaToil SKCEPrur Ha epenavy Xoja0Aa K BO3AyX00XIaJUTEISIM.

4. TermI0TeXHUYECKOE CPABHEHUE BAPHAHTOB PaOOTHI CUCTEMBI KOHIUIIMOHUPOBAHUS PYAHUIHOTO
BO3/IyXa C TEINIOOOMEHHHKOM BBICOKOT'O JIABJIICHUS M C THIAPOpACIIPENEIUTENIEM TT0Ka3al0, 4T0 TpU
padote ¢ TB/l n = 18,49 % , a ¢ ruapopacnpeaenutenem n = 98,55 %
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SUMMARY

Problem. There are vast losses of cold that take place during the transition of cold to deep
horizons of shafts by the mine air conditioning system (MASC) with high pressure heat exchanger.
Cold is transferred by the recuperative way. Vast losses of cold mean vast losses of electricity to in
order to supply it. Any enterprise requires the reduction of electricity consumption. This article gives
proposals on how to replace HPHE into hydrodistributor which will considerably reduce cold losses.
A method for mine air conditioning system using HPHE and hydrodistributor. Efficiency factor while
using MASC with HPHE and hydrodistributor have been compared.

Literature review. The staff of our Academy has been investigating the problem of HPHE
replacement by hydrodistributor in the system of cold-bearer distribution of deep shafts for more than
20 years now. A number of patents and inventor’s certificate were received. Hydrodistributor
proposed here has been elaborated for more than 10 years. There are no hydraulic impacts in this
hydrodistributor at switching hydraulic flows.

Aim. A method of thermotechnical calculation of HPHE functioning and hydrodistributor of mine
air conditioning system have been proposed. Efficiency factor while using HPHE and hydrodistributor
have been calculated. The main task of the article is to show the efficiency factor of HPHE and
hydrodistributor as well as to compare their efficiency.

We use exergic method to analyze heat engineering comparison of the variants of system
operation. Correlation of the variants is given for similar operational conditions of hypothetic mine air
conditioning system. Systems of cold bearer systems to the deep horizon with thermal exchanger of
high pressure and a hydraulic distributor that transports cold bearer without heating it are compared.

In order to compare variant, certain locations in the pipelines are chosen where the temperature
and pressure of cold bearer are estimated. Design models are given in Pictures 1 and 3.

Cold bearer expenditures in the system are calculated with the following formula

_ Q. _ 1500
G= cAt ~ 4,187(11-4) 512,6 kg.

The load of high pressure heat exchanger will be
Q,=G-t-c=512,6(10—-5) 4,187 = 10731 kWt.
Unit air cooler load will be
Q;=G-t-c=512,6(14,5—11,5) - 4,187 = 6439 kWt.
Exergic coefficient of efficiency with high pressure heat exchanger will be
-100% = 18,49%

EBbIX 'O
=——-100% =
"= = 589,59
Picture 2 demonstrates exergic balance diagram of high pressure heat exchanger. Exergic
coefficient of efficiency of the system equipped with hydraulic distributor will be
n= % -100% = ETL

BT 1009 = 203 _ 9g 55
E,, Er, + Er, ®7T 5990 707

2
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Exergic balance diagram of system operation with hydraulic distributor is given in Picture 4.

Consequently, the variant with hydraulic distributor ensures a better use of exergy which results in
higher thermodynamic indexes.

When the cold is transferred to deeper horizons with high pressure thermal exchanger, the cold is
transferred by means of recuperation, whereas with hydraulic distributor it goes through the latter
directly to air coolers in the bottomholes. By means of this, effective air cooling in the bottomhole is
achieved and energy resources can be saved.

Heat engineering comparison of the variants of mine air conditioning system operation with high
pressure thermal exchanger and a hydraulic distributor has shown that while working with high
pressure thermal exchanger » = 18,49 %, whereas the same for hydraulic distributor is » = 98,55 %.

Conclusion.1. In the process of cold transition to deep horizons with the help of high pressure
thermal exchanger, the cold is conveyed in a recuperative way, whereas with hydraulic distributor it
goes through the distributor it is conveyed directly to air-cooling unit in the bottomhole. By means of
this effective air cooling is achieved.

2. A very small exergy loss is registered while cold bearer transition to deep horizons by
hydraulic distributor. In such way energy resources are used more effectively.

3. Thus, it can be observed that the operation of the system with hydraulic distributor will be more
efficient, with smaller exergy losses for cold conveyed to air cooling units.

4. Thermal technical correlation of performed for different variants of mine air conditioning with
high-pressure thermal exchanger and hydraulic distributor has shown that while working with
» = 18,49 % and with hydraulic distributor it is » = 98,55 %.
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YK 004.896:621.796.5
JOCIIKEHHA E@OEKTUBHOCTI POBOTH IIOIIYKOBUX AJI'OPUTMIB
Y CUCTEMI YIIPABJIIHHA CKJIIAJACBKUM ITPUMIIIEHHAM

B. O. Yorcenoscokuii, x. m. u., doy., I1. C. Kawyba, mazicmp

Knrwuoei cnoea: ancopumm, imimayiina mooenb, KOMN IOMeEpHe OO0CHIONCEHHs, ONMUMI3AYis,
NOWYK WIISIXY, NPOSPAMYBAHHS, CKIAOCbKe NPUMIUEHHS

IMocTanoBKka mpodjeMu. ABTOMAaTH30BaHE CKIAJIChKE MPUMINICHHS SBISIE COOOI0 CYKYITHICTh
CTENKHUX KOHCTPYKIIH Ta aBTOMAaTUYHUX TPAHCIIOPTEPIB, SIKI BAKOHYIOTh OIEpallii i3 3aBaHTaXCHHS
Ta pO3BaHTaXEHHs 30epeXyBaHUX BHPOOIB 0€3 yJacTi JIIOJUHH, IO JO3BOJISE YHUKHYTH HOMHIIOK Y
poOoTi, sIKi 3a3BHYAil CIIPUYHMHIOE JIOJNCHKUE (akTop. Jlo TOro *, aBTOMAaTH3allis CKIAay CIPHsE
IBUILCHHIO MPOIMYCKHOI 3MaTHOCTI CKJIAJCHKOTO MPHUMIIICHHS, MPUCKOPIOE BCI OCHOBHI CKJIAJICHKI
IPOLIECH, a TAaKOX JIO3BOJISIE BiJICTE)KYBAaTH CTaH i MOTOYHI 3aBIaHHS TPAHCIIOPTEPIB Ta MOJOKEHHS
ycix 30epeXyBaHUX 1 TPAHCIIOPTOBAaHUX BUPOOIB y peaTbHOMY Yaci (M1l BUKOHAHHS I[LOTO 3aBJIaHHS
BUKOPHUCTOBYETHCS iHPOpMaIiiiHO-KepiBHa cucTteMa, Tak 3BaHa SCADA-cucrema).

Came iHdopmarliifHO-KepiBHa  CHCTeMa  BIJNOBiZa€ 3a  aBTOMATH3aIlil0  Omeparliit
TPAaHCIIOPTYBaHHS, TapaHTye Bi3yali3allilo Ta YNPABIiHHA JAaHHUMH IIOJO KOXXHOTO 00’€kTa y
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