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Annotation. The article the issue of accounting for accumulations of liquid in the degassing network and humidity
of the gas mixture during gas-dynamic calculations is considered. The estimated scheme of the degassing network of
the mine is presented. The shape of the accumulation liquid in the cross section of a degassing pipeline is considered.
Formulas are obtained for determining the perimeter of the passage section of the pipeline in the place of accumulation
of the liquid phase, the area and hydraulic diameter of the passage section of the pipeline, the cross-sectional area of
the segmental volume of the liquid accumulation, Reynolds numbers. Relations are presented for the coefficient of
resistance to friction and the coefficient of resistance to interfacial friction for places of localization of the liquid phase. It
is shown that the interaction of the gas mixture with the free surface of the liquid accumulation leads to the appearance
of wave perturbations of the liquid. These disturbances are considered as an analogue of the roughness of the
contaminated surface of the pipeline. In this case, the interaction of the gas mixture with the free surface of the liquid can
be characterized by a coefficient of resistance to interfacial friction. Relations are presented for the absolute pressure,
flow rate and density of the gas mixture in the degassing pipeline. Numerical methods for calculating gas pipelines are
considered. An analysis of the methods used showed that the main errors in the calculation of gas-dynamic parameters
are most characteristic for local resistances (including accumulations of liquids), as well as for joints of pipelines of
various diameters. The results of calculating the friction and interfacial friction loses coefficients, the gas mixture
consumption and the consumption characteristics of degassing pipelines are presented. The results showed that the
values of the coefficient of loss interfacial friction at the place of accumulation of fluid can exceed the value of the Darcy
coefficient. It was established that in places of accumulations of the liquid phase, additional losses of the absolute
pressure of the gas mixture occur, which leads to a decrease in its flow rate. In this case, fluctuations in the consumption
of gas mixture are observed, which are caused by the periodic formation of wave disturbances of the liquid.

Keywords: degassing network, accumulation of liquid, degassing pipeline, gas mixture.

The operation of the mine degassing of system is characterized by the interaction
of its main elements with each other. The efficiency of degassing depends on the
nature of the gas-dynamic processes in the degassing network.

The unsatisfactory condition of mine degassing pipelines is caused by a decrease
in their tightness, damage to the walls, as well as their contamination by distributed
and local sediments. This leads to an increase in the total aerodynamic resistance of
degassing network [1-3], and growth in the cost of electricity for transporting the gas
mixture and an increase in the concentration of methane in mining.

When designing degassing of systems, local resistances in the degassing network
are taken into account by increasing the length for pipes by 10 % or more. At the
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same time influence of liquid phase accumulations formed as a result of condensation
processes and liquid from degassing wells is not fully taken into account. These
accumulations lead to noticeable fluctuations in vacuum, absolute pressure and flow
of the gas mixture in the pipelines.

In the case of complete closure of the pipeline section, these fluctuations reach a
maximum. This disrupts the process of transporting the gas mixture and increases the
likelihood of accidents. In this regard, when carrying out gas dynamic calculations at
the design and reconstruction stage of the degassing system, it is necessary to take
into account the factor of moisture accumulation [1].

When calculating the degassing pipeline, the following gas dynamic parameters
are determined:

1. Density and flow rate of gas mixture.

2. Speed of gas mixture and concentration of methane.

3. Absolute pressure and vacuum in the pipeline.

4. Aerodynamic resistance for pipeline.

5. Temperature of the gas mixture.

Initial data for the calculation of degassing system: gas flow; type of local
resistance; degassing wells; fluid intensity from wells; length and diameter of the
pipeline.

Fig. 1 a scheme of a degassing network is present.
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1,2-10—nodes; 1, 2 - 10 — branches; L; — lengths of branches, m; ¢c; —-methane concentration, %,
Qi — gas mixture flow rate, m%s; | — vacuum pumping station (VPS); Il — degassing wells;
I11 — device for draining water; IV — adjusting valve; V — main pipeline; VI — precinct pipeline

Figure 1 — Degassing network

During the calculations, the parameters of the gas mixture in the branches and
nodes of the network are determined; efficiency of the vacuum pumps is checked.
According to the results, adjustment of the design scheme is carried out.
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Presence of the water in degassing network, as well as the flow of air through the
flange connections of the pipeline lead to a change in values of resistance coefficients
and density of gas mixture. In turn, this leads to corresponding changes in other gas-
dynamic parameters.

Fig. 2 illustrates the form of fluid accumulation in the pipeline cross section.
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1 — free surface of liquid; Py, P; — pipeline perimeters, respectively, for gas and liquid, m; h — liquid
level, m; a — central angle, rad; B — fluid accumulation width, m; d — pipeline internal diameter, m

Figure 2 — Form of liquid accumulation in cross section pipeline

For the liquid accumulation segment (fig. 2), the following relations can be
written:

P=Py+B, 1)
B = 2(hd — h?)°*; (2)
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where P is perimeter of the passage cross section of the pipeline, m; S, is area of
passage section of the pipeline, m? S; is cross sectional area of liquid accumulation,
m?; dy is hydraulic diameter of the pipeline, m; d, is hydraulic diameter for the
passage section, m; Regy is Reynolds number for the gas perimeter; Re, is Reynolds
number for perimeter of the passage section of the pipeline; p is density of the gas
mixture, kg/m®; u is dynamic viscosity of the gas mixture, kg/(m-s); Q is flow rate of
the gas mixture; m*/s.
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A value of the total coefficient of friction resistance at the place of accumulation
of liquid [4] is determined by the formula [1, 2]

fsum = ét + sz ) (9)

where & is coefficient of friction resistance; & is coefficient of resistance to
interfacial friction [4].
A coefficient of friction resistance for a clean pipeline is determined by the
formula [2, 5]
&=2d"L, = 0.11(dy"A + 68Re™)** d'L, (10)

where 4 is Darcy coefficient; A is absolute equivalent roughness for internal surface
of the pipeline, m; Re is Reynolds number; L; is pipeline length, m.
For fluid accumulation, the expression (10) takes the view

&=0.11(dy A + 68Rey 1) Ldy ™, (11)

where L is length of accumulation, m.
Suppose that the wave surface of liquid (small waves) is similar to the roughness
for inner surface of degassing pipeline (fig. 3)

1 — protrusions roughness; 2 — wave surface; Ar, As — wave heights on free surface of film water
and fluid accumulation, m; h — liquid level, m

Figure 3 — Formation of waves on the free surface of the liquid in the pipeline

The maximum roughness of the inner surface of the pipeline A = Ay = 2-2.5 mm.
This is typical for degassing pipes after long-term operation (effect of corrosion
processes).

The total coefficient of friction resistance can be determined by the formula

0.25
A 68 L
: zo.n(_+_j L 12
sum d, Re, d,

Using the expression (12) it is possible to obtain an approximate dependence of the
coefficient of resistance to interfacial friction

0.25 0.25
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where /; is interfacial friction loss coefficient (analogue 1).
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Based on the analysis of accumulation form [1, 5], the formula for cross-sectional
area of the degassing pipeline is obtained

Sg = %d 2{27: — 2arccos (1— 2d_hj —sin {271 — 2arccos (1— 2d—hj }} : (14)

where h = aV”; V is volume of liquids, m*; a, b are numeric coefficients.

The expression (14) allows connecting the cross-sectional area of the pipeline with
the liquid level and its volume. A volume and level of liquid are determined
experimentally. The degassing pipeline consists of links. It should be borne in mind
that the air enters the pipeline through the flange connections of the links.

For an arbitrary link of the pipeline, we write down the relations for the following
gas-dynamic parameters:

_ 2 an .
Pk —\/pn — PnPn—5 Ssum ; (15)
Sg
Q% =(Q, +AQ)—EKIE; (16)
a
Pk = pul1 - C) + pmCi, (17)

where p, is absolute pressure of the gas mixture in the initial cross section of the
pipeline link, kg/(m-s®); py is absolute pressure of the gas mixture in the final cross
section of the pipeline link, kg/(m's®); Q, is gas mixture flow rate in the initial cross
sectional of the pipeline link, m*s; Qy is gas mixture flow rate in the final cross
sectional of the pipeline link, m*s; p, is air pressure under normal conditions,
kg/(m's®); Ty is air temperature under normal conditions, K; Ty is temperature of the gas
mixture in the final cross section of the pipeline link, K; AQ is inflow of air for the link
of pipeline, m*/s; p, is density of the gas mixture in the initial cross section of the
pipeline link, kg/m®; py is density of the gas mixture in the final cross section of the
pipeline link, kg/m*; p,, pm are air and methane density, kg/m®; ¢, is concentration of
methane at the end of the pipeline link, %.

When calculating degassing pipelines, it is necessary to take into account the
presence of fluid accumulations and changes in the parameters of the gas mixture due
to air inflows. To improve the accuracy, a sequential calculation of each pipeline link is
carried out (Fig. 4).

Flow rate coefficient method takes into account the change in the capacity of the
gas pipeline in comparison with the reference pipeline. Nodal pressure method allows
determining the gas pressure in the network nodes. Contouring method is used to
consider a network graph indicating the direction of gas flow. Global gradient method
allows calculating networks with different configurations. In this case, the gas flow and
pressure values are set at the network nodes.
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Figure 4 — Classification of calculation methods gas pipelines

The considered methods use assumptions about stationary and isothermal gas flow.
The disadvantages of the methods are the occurrence of errors in the calculation of gas-
dynamic parameters for local resistances (including fluid accumulations), as well as for
the connections of pipelines of different diameters.

During the calculations, a degassing pipeline with an internal diameter of 0.257 and
0.309 m was considered. The velocity of the gas mixture is U = 10-15 m/s. The liquid
level in the place of its accumulation is h = 0.5d.

Table 1 the results calculation of Darcy coefficient and the coefficient of loss for
interfacial friction is presents

Table 1 — Resistance coefficients for degassing pipeline

dm [ Umis| Am Re-10° A I
0.00005 | 1.36-2.0 | 0.018-0.017 -
0.257 0.001 | 1.35-1.99 | 0.0283-0.028 -
0.002 | 1.35-1.98 0.033 0.056
10-15 75.00005 | 1.63-241 | 0.02-0.015 -
0.309 0.001 | 1.63-2.40 0.027 -
0.002 | 1.63-2.39 | 0.032-0.031 | 0.053-0.054

From the presented results it follows that the value of the coefficient of losses for
interfacial friction exceeds the value of the Darcy coefficient by 1.7 times.

Fig. 5 the results of the calculation of the volume flow of the gas mixture on area
of degassing pipeline with the accumulation of liquid is presents/

Analysis of fig. 5 shows that the decrease in the flow rate of gas mixture in the
place of liquid accumulation is due to pressure losses. At the same time influence of
the gas flow leads to the generation of wave disturbances in the liquid. This results in
periodic overlap of pipeline.

Fig. 6 the flow characteristics of the pipeline at different values of absolute
equivalent roughness of its inner surface is presented.

Analysis of fig. 6 shows that the flow rate of gas mixture is inversely proportional
to the absolute pressure at the end of the pipeline. With an increase internal roughness
of the pipeline, its flow characteristic is shifted to the area of lower pressures.
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Figure 5 — Changes in the flow rate of the gas mixture along the length of the degassing pipeline
section with fluid accumulation
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Figure 6 — Flow characteristics for pipeline at various values of roughness of its inner surface

On the basis of research, the following conclusions can be made:

1. When determining the coefficients of friction resistance in degassing pipelines it
IS necessary to take into account the interaction of the gas mixture flow with the free
surface of the liquid. In this case low-intensity wave perturbations of liquid are
approximately considered as analogues of the roughness for solid surface.

2. At the given values of the conditional roughness for free surface of liquid in the
degassing pipeline the value of the loss coefficient for interfacial friction exceeds the
value of Darcy coefficient on average by 1.7 times.

3. A sharp drop in the flow rate of gas mixture is associated with the generation of
wave perturbations liquid which periodically overlap the cross section of degassing
pipeline.
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AHoTauif. Y cTatTi po3rnsaaacTbCa NUTaHHS ypaxyBaHHA CKynyeHb piguHu B AerasauinHol Mepexi Ta BONorocTi
ra3oBoi CyMiLli NpW NPOBeAEHHI ra3oaMHaMivHUX po3paxyHKiB. HaBeaeHo po3paxyHKOBa Cxema AerasauiiHin mepexi
waxTu. Po3rnaHyTo ¢hopmMa CKyMYeHHs piguHu B MonepeyHoMy nepeTuHi AerasadinHoro Tpybonposogy. OTpumaHo
cbopmynu Anst BU3HAYEHHS MepumMeTpa NPOXigHOro NepeTuHy TpybonpoBoay B MiCLi CKynYeHHs pigkoi dasu, nnowwi i
rigpaBnivyHOro AiameTpa NpoXigHoro nepetuHy TpybonpoBoAy, MAOLi NOMEPEYHOro nepepisy CermeHTapHoro obcesry
CKyN4eHHs pianHK, ymcna PerHonbaca. HaBeaeHo ChiBBigHOWEHHS Ans koedilieHTy onopy TepTs i koedilieHTy onopy
MiXchasHoro TepTs Ana Micub Jiokanisauii pigkol dasw. MNokasaHo, LWo B3aEMOAIS ra3oBoi CyMilLli 3 BiflbHOK NMOBEPXHEHD
CKYMYEHHS PiOVNHN NPU3BOAUTL A0 BUHUKHEHHS XBUNbOBUX 30ypeHb pianHW. 3asHadeHi oBypeHHs po3rnspaoThes Sk
aHarnor LOPCTKOCTi 3abpyaHeHoi noBepxHi Tpybonposody. Y UbOMY BMMagKy B3aEMOAS ra3oBOi CyMilli 3 BiflbHOMK
NOBEPXHEH PIAVHN MOXE XapakTepudyBaTUCs KoedilieHTOM onopy MixdasHoro TepTs. NpeacTasneHi CniBBigHOLEHHS
Ans abComnTHOTO TUCKY, BUTPATK i LWiNbHOCTI ra3oBoi CyMilli B AerasaviiHoMy Tpy6onpoBogi. Po3rnsHyTo YuCrneHHi
METOAM PO3paxyHKy ra3onpoBoAiB. AHarni3 BWKOPUCTOBYBaHMX METOLIB MOKa3aB, WO OCHOBHI MOXWMOKM po3paxyHKy
rasoguMHamivyHuX napameTpiB HanbinbLL XapaKTepHi Ans MICLIEBMX OMNOpIB (BKMKOYAYM CKYNYEHHS PiaVHM), @ TakoxX Ans
MicLb 3'eaHaHb TpybonpoBoaiB pisHoro giameTpy. MpeacTaBneHi pe3ynbTatit po3paxyHky KoediLlieHTiB BTpaT Ha TepT
MiX(a3sHOro TepTs, BUTPaTK rasoBoi CyMilli Ta BUTPATHUX XapaKTepuCTUK LerasauinHux Tpybonposogis. OTpumMaHi
pesynbTaTi nokasanu, WO 3HaveHHs KoediLieHTiB BTpaT Ha MixdasHe TepTa B MiCLi CKyMYEHHS PiguHU MOXYTb
nepeBuLLyBaTh 3Ha4YeHHs KoediLlieHTa [apci. BctaHoBneHo, Wwo B MicLsx akymynauii pigkoi hasv BUHUKatOTb A0AATKOBI
BTpaTh abCcomoTHOrO TUCKY ras3oBOi CyMiLli, WO NPU3BOAMTL A0 3HWKEHHs Ti BUTpaTu. Mpu LbOMy CrocTepiralThes
KONMWBAHHS BUTPATMW ra3oBoi CyMiLLli, siki 0ByMOBIEHi NepioaNYHNM YTBOPEHHSM XBUbOBKX 30YPEHDb PianHM.

KntoyoBi cnoBa: gerasadiiHa Mepexa, CKynyeHHs piauHu, aerasaviniuin Tpybonposig, rasosa CyMiLL.
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AHHOTaums. B cTaTbe paccMaTpuBaeTcs BOMPOC y4eTa CKOMMNEHWA XNOKOCTW B erasaLyoHHON CETU 1 BNaXHOCTM
rasoBO CMecW Mpu MpoBEeAEHUM ra3ofdMHamuyecknx pacyetos. [puBedeHa pacyeTHas cxema Aera3auyoHHON CceTu
Wwaxtbl. PaccmoTpeHa opma CKOMMEHWS XKMOKOCTM B MONEPEYHOM CEeYeHUM [AerasauuoHHoro Tpybonposoga.
MonyyeHbl hopMynbl Ans ONpeaeneHns nepumeTpa NPoOXoaHOro ceyeHns TpybonpoBoaa B MeCTe CKOMNEHUS XKWUAKOM
asbl, NNoWaan 1 rmapaBnMYeckoro gnameTpa NPOXoaHOro ceyeHns TpybonpoBoaa, NMoLaamn NonepeyHoro ceyeHns
CermMeHTapHoro obbema CkonneHms X1akocTu, yncna PeiHonbaca. MNpeactaBneHbl COOTHOLWEHUS Ans KoaddmumeHTa
CONPOTUBIIEHUS TPEHMIO U KOS(PULMEHTA CONPOTUBNEHNS MEX(DA3HOMY TPEHUIO AN MECT foKanu3aunn Xuakon
tasbl. MokasaHo, 4TO B3aMMOLENCTBIE ra30BOM CMECH CO CBOBOAHOM MOBEPXHOCTLIO CKOMMEHNS XUOKOCTY NPUBOAMT K
BO3HMKHOBEHWIO BOJIHOBbIX BO3MYLUEHWA XMAKOCTU. YKasaHHble BO3MYLLEHUS paccMaTpuBalTCs Kak aHaror
LIepOX0BaTOCTH 3arpsI3HEHHOM MOBEPXHOCTW TpybonpoBoaa. B aToMm crnyyae B3auMmogencTBue rasoBOiA CMECH CO
CBOOOAHOM MOBEPXHOCTLIO KWUOKOCTM MOXET XapaKTepu3oBaTbCA KOIMULMEHTOM CONMPOTUBIEHUS MEXDasHOMY
TpeHuto. MpefcTaBneHbl COOTHOLWEHUS Ans abCoMTHOrO [LaBneHus, pacxoda W MAOTHOCTW ras3oBOM CMecH B
AerasaunoHHom TpybonpoBoae. PaccmoTpeHbl YACNEHHbIe METOAbl pacyeTa ra3onpoBOAOB. AHanM3 MCMonb3yemblx
METOAO0B NoKasar, YTO OCHOBHbIE MOrPELLHOCTU pacyeTa ra3o4MHaMUYeckuX napameTpoB Haubomnee xapakTepHbl Ans
MECTHbIX CONPOTMBIEHWI (BKIOYAsH CKOMMEHWS XWAKOCTK), @ TaKKe ANs MECT COoeanHeH Tpy6onpoBOAOB pasnnyHOro
AonameTpa. peactaBneHbl pesynbTaThl pacyeta KoadhPUUMEHTOB NOTePb Ha TPEHUE U MexdasHoe TpeHune, pacxoaa
ra3oBOW CMECU W PacXOAHbIX XapaKTepUCTHK AerasdaLyoHHbIx Tpy6onpoBoaoB. MonyyeHHble pesynbTaTbl Nokasanu, 4to
3HaYeHMs Ko3(h(HULIMEHTOB NOTEPb HA MeXasHOoe TPEHME B MECTE CKOMMEHMS KUOKOCTM MOTYT NpeBbIllaTh 3Ha4YeHNS
koachcpuumenTa [lapcy. YCTaHOBNEHO, YTO B MeCTaX akKyMynsLMM Xuakoi hasbl BOSHUKAKT AOMNOMHUTESbHbIE NOTEPH
abconioTHOroO AaBNEeHUs ra3oBOM CMECH, YTO NPUBOANT K CHUXEHWNO ee pacxopa. Mpu atom HabntopaoTcs konebaHns
pacxofa rasoBon CMecu, KoTopble 06yCnoBeHbI NEPUOANYECKM 0Bpa3oBaHNEM BOSTHOBBIX BO3MYLLEHWUI KUOKOCTH.

KnioyeBble cnoBa: aerasauyoHHas CeTb, CKOMMNEHNUS XUAKOCTH, Aera3aLyoHHbIA TpybonpoBoa, ra3oBas CMECh.
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