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TEIIVIOTEXHUYECKOE CPABHEHUE BAPUAHTOB PABOTBI CUCTEMBbI
KOHMIIMOHUPOBAHUA PYJHUYHOI'O BO3YXA C TEIVNIOOBMEHHUKOM
BBICOKOT'O JABJIEHUSA U C TUAPOPACHIPEJAEJIUTEJEM
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Kntoueswle cnoea: cucmema KOHOUYUOHUPOBaHUA pyOHUUHO20 6030yxa (CKPB), mennoobmenHux
svicoxoeo oasnenus (TBI), euopopacnpederumens (I'P), xonoounvras mawuna (XM)

[pobaema. Ilpu mnepemaunm xonoga Ha IyOOKHME TOPU3OHTHI  MIAXT  CHUCTEMOM
KOHIWIMOHUpOBaHUs pyaHuuHoro Bozayxa (CKPB) c TemnmooOMeHHHKOM BBICOKOTO JIaBJICHUS
BO3HMKAIOT OOJIbILIME IOTEPH X0JI0A. XOJIOA Mepenaércsi peKynepaTuBHbeIM ITyTéM. bombiue norepu
X0JOAa — BTO 3HAYUT OOJbIIWE TMOTEPHU DIIEKTPOIHEPTHU AJsl €ro HpuroTtoBieHus. s moboro
MIPOM3BO/CTBA 3aTPaThl BJEKTPOIHEPTUU HY)KHO COKpaTUTh. B 3ToOi crarhe npeniaraeTcs 3aMEHUTH
TB/Jl Ha tHOpopacmpenennuTens, Onaromapss KOTOPOMY IOTEpH XOJOJa 3HAYUTEIHHO COKPATATCS.
IIpennaraercss meroamka pabOTBI CHCTEMBl KOHIWIIMOHUPOBAHUS PYyAHUYHOTO Bo3ayxa ¢ TBJ[ u
rugpopacnpenenuteneM. CpaBHUBaeTcs KodpQuuueHT monesHoro aedctus mpu padote CKPB c
TBJI u c rugpopacnpeaenurenemM.

Ananu3 nyoaukamuii. IIpoGmemoit 3amenst TBJl Ha ruapopacmpenenutens B CHCTEME
pacrpeneneHus XJIaJ0HOCUTENS ITyOOKHX IIaXT COTPYTHUKH Hallel aKkaJeMUH 3aHuMaluch Oomnee 20
neT. bbulo NMoMy4eHo AecAaTKH aBTOPCKUX CBHJETENBCTB U MaTEHTOB. | napopacnpenennTenb, KOTOPbIi
npensaraeTcs 37ech, paspabareiBajicst Oonee necstd JieT. B 3ToM ruapopacnpenenurene HET
THJIPaBINYECKUX yIapOB MPHU NEPEKITIOYEHUH TOTOKOB KUAKOCTH.

Heas crareu. [lpeanaraercs MeToauka TeIUIOTEXHUYECKOoro pacuéra pabdotel TBJ wu
TUAPOpACTIPEACTUTEN CHUCTEMBl KOHAWLIMOHHPOBAHUS PYIHUYHOIO BO3AyXa IaxT. Paccunmraem
KOd(pGUIMEHT TOode3HOro aeicTBus mpu pabore cucrembl ¢ TBJl u ¢ ruapopacmpenenutenem.
'nmaBHass 3ajmada cTaTbd — TIOKa3aTh KOX(QQUIMEHT Tmoyie3Horo naeictBusi pabdotst TBI u
THIPOPACTIPENICIUTENS U CPABHUTD MX 3P PEeKTHBHOCTD.

OcHoBHOIi MaTepuan. Jl1d aHamu3a MCHOJB30BAaH JKcepreTuueckuil meron. CpaBHEHHE
BapUaHTOB TPHUBENICHO JJIsI OJAWHAKOBBIX YCJIOBHH padoThl runorerndeckoii CKPB. CpaBHuBarotcs
CUCTEMBI C TEIUIOOOMEHHMKOM BBICOKOTO JIaBJICHUSI M THIPOpPACIpPENEIUTENIeM, KOTOPhIH Mepeaaér
XJIAJOHOCHUTENb O€3 ero Harpesa.

THoxkazamenu CKPB ¢ menioobmeHHUKOM 8blCOKO20 OABIEHUSL.

Pacuérnas cxema npuBeieHa Ha pucyHke 1.

Ucxonnsie nannsie: Q = 15 000 kBm (ko / c)

tp=4°C P1=3 amm ts=14,5°C Ps= 10 amm
t,=5°C P, =100 amm tg=15,5°C Ps= 13 amm
t3=10,5°C Ps= 12 amm t;=10°C P, =100 amm
t,=115°C P.= 11 amm tg=11°C Ps= 2 amm
Pacxoj XJ1aJOHOCUTENS B CHCTEME:
_ Qi _ _ 15000 _ 5126 (1)

cAt T 4,18:(11-4)
rae ¢ — 4,187 xJIx (kr X rpan)
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Puc. 1. Pacuémnas cxema CKPB ¢ menioobmeHHuKxom 6blcoko20 0aeieHust



Harpy31<a TEIJI00OMEHHNKA BEICOKOTO JaBJICHUA COCTaBHUT:

Q2=G ‘Atc¢=512,6(10 - 5)4,187 = 10731 kBm. (2

Harpy3ka arperaTupoBaHHOTO BO31yX0OXJIaTUTEIIS:
Qs=GAtc=512,6(14,5-11,5)4,187 = 6439xBm. 3)
DKcepreTndecKuii Ko GUITHEHT MOJIC3HOTO JEHCTBUSA C TEITNIOOOMEHHHKOM BBICOKOTO TaBJICHHS:
n="2.100%= < 100%=18,49% (4)

JuarpamMma 3KcepreTHYeckoro OallaHca TEIUIOOOMEHHHMKAa BBICOKOTO JAaBJICHUs MpPHUBEACHA Ha
pUCYHKE 2.

E,,-E,  =109,02 kBm

#

E,,-E,, =AE=589kBm

v AE = 480 xBm
n=18,49%
Puc. 2 Dxcepeemuueckuii bananc y3ia menjiooOMeHHUKA bICOKO20 OA6IeHUs

Hokazamenu CKPB ¢ eudpopacnpedenumenem, nepedarowem XiadoHocumens 0Oe3 Hazpesa.
Pacuérnas cxema TaHHOTO YCTPOMCTBA NMPUBEEHA HA pUCYHKE 3.

wapopacnpeaenurens
/ Q,=6429
no pacyety
(132)
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Puc. 3. Pacuémmnas cxema cucmemuvl KOHOUYUOHUPOBAHUS PYOHUUHO20 8030VXA C
euopopacnpeoenumenem

Ucxonusie nanneie: Q;=15000 kBm , G1=G,=512.6 kz/c (max xax G=const)

t,=7°C Pi= 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 P;= 12 amm t;=13°C P, = 100
amm
t,=9,5°C P.= 11 amm tg= 14°C Ps= 2 amm
H3MeHeHne TeMrepaTyphl BOJIbI B HCTIAPUTEIIE:
Ate Q15000 o (5)

G (4187-512,6)
Harpy31<a arperaTUupOBaHHOTO BO3AYXOOXJIAAUTCIIA:
Q:=GAtc=512,6:(12,5-9,5)4,187 = 6439 kBm (6)
DKCepreTUIecKuit KO3 GHUITUSHT MOJIE3HOTO JIEUCTBUA padoThI CHUCTEMBI c
ruIpopacnpeaeanresieM Oyaer:



rJ_ Eppix -100%= ETS:E'W 100(y_% -100%= 98,55% (7)

TZ
Juarpamma 31<cepremqe01<oro Oananca pa60TL1 CHCTEMBI C THIPOPACIIPENEIUTENIEM MTPUBEIACHA

Ha pUCYHKe 4.

N, X

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

17 =98,55%

Puc. 4. Jxcepeemuueckuii banranc pabomol cucmemuvl KOHOUYUOHUPOBAHUS PYOHUUHO20 8030YXA
¢ euopopacnpedenumesnem

Cpasnenue 6apuanmog no nomepam 3Kcepeul.
OnpenensieM KOJIMYECTBO JKCCPrurM CUCTEMBI KOHIAWMIMOHUPOBAHUA PYAHUYHOI'O BO3AyXa Ha
BxoJe U Bbixoge cucteM s I u Il BapuantoB

12 5=Q 2= =15000 200 =640 kBT 8)
Ha Bxone B cucremy:
255=Q 20 =15000- 2220 ~486,3 kBT 9)
Ha Brixoze BOS}:[yXOOXHa)Z[I/ITeJIﬂM.
Qu=6629KBT-E[%}3.=6629- > =158,4 kBT (10)
Q,=6439kBT-E",.=6439-2222° 197 8 kB (11)

Bennunna KOBCI)(I)I/ILII/IQHTa HCAJACKBATHOCTU COCTAaBUT ):[J'IH BapuaHTa C TEII00OMEHHHKOM

BBICOKOI'O JaBJICHHUA:
EFY 640
K; = =——=404 12
I pron ™ 1584 = (12)
Benuunbna koadduiMeHTa HEaJACKBATHOCTH IPU  WCIOJIb30BAaHMHM  THUAPOPACIPEACITUTENS,

pa60Ta}0Luero 0e3 HarpeBa XJIaJOHOCUTCIISL COCTABUT:

Ef* 4863
Kj=2L-=—==24 1
11 EIKIOH 197,8 i 6 ( 3)
CoorHorieHue ko3 (HUIIUSHTOB HEaIeKBaTHOCTH OY/ICT:
Ki _ 4,04
—L="—=1,64 (14)
Ki 246

W3 sToro ciemyer, 4To BapuaHT ¢ THAPOpACIIpeeInTeIeM 00eCIIeYrBaeT JIyqIlee HCIIOJIb30BaHNe
9KCEPIuH, YTO BBIpakaeTcst 00jiee BBICOKMMHU TEPMOANHAMUYECKIMU TTOKA3aTEISIMH.

BuiBoasl. 1. Ilpu nepegaye xosona Ha TITyOOKHE TOPU3OHTHI C TEILNIOOOMEHHUKOM BBICOKOTO
JIABJICHHUA XOJIOJ TepeAaéTcsi peKylepaTuBHBIM IMyTEM, a C THAPOPACIIPENEITUTENEM MMPOXOIUT Yepe3
TUIPOpPACHpPENeIUTeNIb U HOCTYHNaeT NpAMO K BO3AYyXOOXJaIUTeNsM B 3a00H, 3THUM JOCTHraeTcs
3¢ dexTrBHOE OXTaXKICHNE BO3IyXa B 3a00¢€.

2. IIpu nepenade XIag0HOCUTENS Ha TITyOOKHE TOPU3OHTHI B THIPOPACTIPEIETUTENE OYSHb Majlble
MOTEPH IKCEPTUU U 3TUM SKOHOMSITCA 3aTPaThl SHEPTOPECYPCOB.

3. Takum obpas3om, BunHO, uto cucrema I[ICPX c ruapopacnpenenurenem OyaeT paboTarb
3¢ pexTUBHEH, C MEHBIIICH 3aTPaTOM IKCEPTUU Ha TIepeady X0JI0/1a K BO3IYX00XJIQAUTEIISIM.

4. TemI0TeXHUUYECKOE CPABHEHUE BAPHAHTOB paOOTHI CUCTEMBI KOHIUIIMOHUPOBAHUS PYIHUYHOTO
BO3/1yXa C TEINIOOOMEHHHKOM BBICOKOT'O JAaBJICHHUS M C THAPOpAaCHpelesuTeNIeM I0Ka3ano, 4To MpU
padore ¢ TB/l n = 18,49 % , a ¢ ruapopacupeaenutenem 1 = 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

_ Qi _ 1500
T cAt T 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
Q3 =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%

E:B])IX 'O
=——-100% =
Y=k, % = 58959
Picture 2 demonstrates exergic balance diagram of high pressure heat exchanger. Exergic

coefficient of efficiency of the system equipped with hydraulic distributor will be




EBbIX . o) — ET3 + ET7 . o/ _ 5903 _ 0
E_ 100% = Er + Er, 100% = 990 98,55%

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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TenjioTexHu4yeckoe CpaBHeHHEe BAaPHAHTOB PadoThl CHCTEeMbl KOHAWIHOHUPOBAHUS
PYAHMYHOTO BO3AyXa € TEIVIOOOMEHHHKOM BBICOKOIO JaBJIEHHMsl M € THApopacnpeneIureiemM /
®@. A. Kopcyn // Bicunk IlpuaninpoBchKoi AepxaBHOI akaaeMii OyAiBHUIITBA Ta apXiTeKTypH. —
. : IIJABA, 2014. — Ne 4, — C. 39 — 43. — puc. 4. — BioJiorp.: (7 nass.).

[IpuBescHO TEMJIOTEXHHUECKOE CPABHEHHE BAPUAHTOB Pa0OTHI CUCTEMBI C TEIIOOOMEHHUKOM
BBICOKOT'O IaBJICHUS M C TUIPOPACTIPEACTUTENIEM.

Knroueswle cnoea: cucmema KoHOUYUOHUPOBaHUs pyoHuuHozo 8030yxa (CKPB), menioobmeHHUK
evicoxoeo oasnenust (TBI), euopoyoap (I'Y), xonoounvnas mawuna (XM).

TennorexniuyHe NOPIiBHAHHS BapiaHTIB pPo0OTH cCHCTEeMH KOHAWLIOHYBAHHSI PYIHHMKOBOIO
MOBITPSl 3 TEMIO0OMIHHMKOM BHCOKOI0 THCKY Ta 3 rigpopo3nogiaioBauem / @. A. Kopcyn //
Bicuuk IlpnaHinpoBchkoi nep:kaBHOI akageMil OyniBHUnOTBa Ta apxitektypu. — /. : IIJABA,
2014. — Ne 4. — C. 39 — 43. — puc. 4. — Bioaiorp.: (7 na3s.).

[IpuBeneHo TEIUTOTEXHIYHE IOPIBHAHHSA BapiaHTIB pPOOOTH CHCTEMH 3 TEIUIOOOMIHHHUKOM
BHCOKOTO THCKY 1 3 T1APOPO3MOALITIOBaYEM

Knrouosi cnosa: cucmema rxonouyionysauts pyoruxogoeo noeimpsi (CKPII), mennooominnux
sucokozo mucky (TBT), ciopoyoap (I'Y), xonoounvna mawuna (XM).

Thermotechnical comparison of possible operation variants for air conditioning system of
mine air with high pressure heat exchanger and hydrodistributor / F. Korsun // Visnyk of
Pridneprovsk State Academy of Civil Engineering and Architecture. — D. : PSACEA, 2014. —
Ne 4, — P. 39 — 43. — pic. 4. — Bibliogr.: (7 names).

Presents a method used for calculation of thermotechnical comparison of possible operation
variants for air conditioning system of mine air with high pressure heat exchanger and
hydrodistributor.

Key words: mine air conditioning system (MACS), high pressure heat exchanger (HPHE),
hydrodistributor (HD), refrigerating machine (RM).



