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ABSTRACT

In order to rational use geothermal effects, analyzed seepage from rock fracture and stress relationship, built model
of heat and moisture exchange between inlet airflow and low temperature rock layer, Based
on Jiudian Gold original maininlet air system, designed the upper abandoned roadway asmine inlet
air cooling space, measured pre-cooling effect on the spot, results show that: using mine shallow geothermal effect
can regulatetheinlet air temperature effectively, improve working environment.

Key words: geothermal energy; mine; heat and moisture exehangdel

INTRODUCTION

As our human society is approaching to the 21 egntibe critical problem for economic developmend aational
survival is the supply and demand situation of gneand its rational utilization. It is significatd exploit and
utilize the geothermal energy in order to constmagource-saving and environment-friendly socisbfeguard
national energy safety, improve our existing enesgyicture, and promote national saving strategiget into
realization. Nowadays, our use scale of geotheenalgy is in the leading position in the world, amd have
already formed geothermal technical team. As knewn to all, geothermal energy has gained enviemtal and
economic benefits instead of coal. Comparing whih foreign countries with advanced technology, h@rethere
is still some difference between our geothermahnégue and theirs. What is more, in our own couritrg
developments on geothermal in different areas abalance. Therefore, it becomes a top priorityaoid increase
de scientific and technical level in geothermalrgpelevelopment and utilization.

Analysis of Seepage From Rock Fracture and StresseRtionship

Recently, from the angle of experiment and numéisaaulation, plenty of researches and studiesdamee for

permeability attributes of fracture rock and relaghip with ground stress. The result shows relatip between
dense layers in different direction of crack perbiig and present direction of stress, and sevigjtifeatures of
fracture permeability stress. It also initially ates the coupling relationship between the thresedsional rock and
unidirectional flow of rock fracture [1-5]. For exgle, create a seepage model from hot rock fracaaeording to
the rock character of Qingdao Jiudian Gold Minetake a further understand of water flow regulatiorm this

rock fracture gap.

The so-called static stress means the effectiesstin rock, which equals to the total pressurevsrlying strata
minus pore pressure [6]. To collect rock samplesnfidiudian Gold Mine, and to study on the stressted by
fracture permeability. See Figure 1 [7]. Artifidial split the collected sample rocks. When the rdsk
three-dimensional, and axis angle cosine betwemnahmal of the fracture face and x, y, z is |jnthe direct stress
on fracture face is:
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Fig. 1 Coupling Models of Three-dimensional Fractue Rock and Stress

Ao, =1’Ac, + m*Acg, +n’Ag, + 2mAT, +2mnAT, + 2nlAT,
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On the surface of fracture, when the direct sti®&s7, , the opening displacement of fractufku; is

Ao,
Au, =—" ()

Kn

The displacement of rocké\u, with stress Ag,,, Ag,, Ad,is

S|
Au, = E[AUX - V(AJy + AO’Z)] (3)

Combining those three formulas above, the actiorpaimeability coefficient and seepage quantity vitihee
dimensional stress of three-dimensional fracture is

3

K, = Ko{1+ gf: —%[AUX ~v(ag, + AUZ)]} @)
4

Q,= Q0{1+ ﬁz: - Eib[Aax ~v(ag, + AJZ)]} (5)

According to the deduced model, it shows that tiieeedirect relationship between seepage perfocmahfracture
rock and direct stress and shear stress.

Model of Heat and Moisture Exchange

Temperature of wall rock of roadway

To compute the temperature of heat transfer ofoarfn the roadway, we need discuss the heat cdimfuof wall
rock, so the wall rock’s temperature must be comdid first. For the heat conduction of wall roclaisery complex
process, the issue must be simplified. The pap&ema hypothesis as follows: the wall rock is hoemspus and
the same attribute of all directions; the heat cmtidn of wall rock is the infinite and long cyliridal conduction,
that is, not add the gradient of axial temperature.

The differential equation of heat conduction of watk was established with the hypothesis:

ot 0%t 1ot

Pk e e (6)

or or< ror

Where t is the temperature of wall rock;; t is the ventilated time, s; a is the temperaturedaction

coefficient,nf/s; r is the radius of roadway, m.

Solving the thermal problem of wall rock should mie following boundary condition:

qﬂ%_ =a[t-tf]+|WD8d Eﬁdw-df) )

Where q is the heat flux density, J(ms); Ais the conduction coefficient of wall rock, J/(ns - k); ro is the
equivalent radius of the roadway, miis convective heat transfer coefficient, J/(ns . k); t is the average
temperature of airflowC ;,lis the latent heat of vaporization of water, Jfgis the moisture transfer coefficient
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by computing the moisture, kg/fms); d, is the moisture of segmental boundary layer ofivagy’s wet wall,
kg/kg; d is the average moisture of airflow, kg/kg; the negt of confirming the paramefgrand ¢, is put in the
literature [8-9]. The surface of wall rock is wet practice, and usually we use the f to standHerwet degree of
roadway'’s surface to reflect the water evaporataiio between partially wet roadway wall and totallet roadway
wall for the same air flow length [9]. As for thetally dry wall, f is 0, and for the totally wet Waf is 1, so the
range if f is from O to 1. According to the defioit of moisture ratio, f can be computed with tledofving
expression:

- Cpf @Jm |:Qdfz _dfl)
2, L Lar fd,, - d, )

(8)

Where G is Constant pressure specific heat, J/Kp-qx is mass flow rate of airflow, kg/sids inlet moisture of
airflow, kg/kg; d, is outlet moisture of airflow, kg/kg; L is the igthh of roadway, m.

Partial wet temperature of rock wall tw can be goméd by the following formula:

t, = (- f)d, + f d,, ©)

Where {, is the temperature of the wall rock,; td is the temperature of dry rock wdll; t,,, is the temperature of
completely wet rock wall'C.

Linking rock wall’'s boundary condition and initiebndition and getting the formula (6)~(9) togettiee, formula of
rock wall's temperature of roadway will be set up.

The Temperature and Humidity’s Balanced Equation ér Air Flow Running along the Roadway
The heat and humidity exchange between inlet awffmd rock wall is the process that is complex ansteady
heat and mass transfer, in which temperature amiidity change with the time [10-11]. So, simplifgint is
necessary for easy analysis. This paper makeslib&ing hypothesis:

* Airflow temperature and humidity don’t vary withe time, namely the inlet airflow temperaturetie aiverage
temperature of summer.

» The rock wall is composed of dry wall and wet lwal

» The heat and moisture exchange of rock wall arflba, not considering the influence of the lotedat source.

The heat exchange’s formula of airflow and dry waltk is established by Newton’s cooling equatiod anergy
conservation equation:

q:MrKur [znroEIL[ﬂtn—td):ZmoEleEﬁtd—tf) (10)

0
The humidity of mine’s outlet airflow df2 can besgebed:

flB, UL
d,, = dw—(dw—dfl)exm—ﬂ;—) (1)

m

where } is the original rock temperaturé;; U is the Circumference of roadway, m; ks the unsteadily total heat
transfer coefficient’'s Dimensionless Parametes sihecific method of defining Kis given by the literature [8].

When humidity is 1, the rock wall is completely wite heat exchange capacity of convective maasfaaof wet

roadway’s boundary is equivalent to the heat capaaf roadway’s wet wall transferred by the rocklwzeat
conduct:

L B, 1, ~d,) +a it ~t,) = A el Tl 12)

wherep is the humidity exchange coefficient by the watapor concentration which is between the air anttwa
surface, m/sp; is the density of airflow, kg/fnp; is defined by the method of Linear regression, #medspecific
method will be seen in the literature.

According to the steady flow energy conservationadign, the heat exchange capacity between theraehl and
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inlet airflow is equivalent to the sum of transfeat and airflow’s energy loss during the procdshe rock wall
and the airflow’s heat and mass transfer:

Cpf [qm [(tfz _tf1)+qm [lw[(de _dfl)

13)
= 2ﬂTO |:Ll]:rw mtw _tf)+qm [g |121_22)

wherea,, is the heat transfer coefficient of Heat & Masanifer for the convection of wet roadway wall, and

J/(nf-s-C); Z; and Z are the heights of inlet and outlet of roadway tredheight is relative to the datum plane, m;
g is the gravity, mfs

In light of mass conservation law, the inlet massiad ratio is equivalent to airflow with the watepor’s
increments in the process of mass transfer betteeairflow and roadway rock wall:

d,d, —d,) = B, 2, [Llc, —c;, (14)

wherep,, is the convective heat & mass transfer coefficaniret roadway wall, m/s;,cs the humidity of wet rock

wall, kg/n?, ¢ is the water-vapor molecule concentration of awrfl kg/n?. a,, andp, is specifically confirmed in
the literaturé

Field Testing

Testing Object

Based on the system of original main airflow ofdi&un Gold Mine, two routes were designed by usheyupper
waste roadway as the terrain pre-cooling route imfeninlet airflow. It is used to pre-cool the ai¥ into mine;
meanwhile, testing the distribution of original kaemperature and the pre-cooling effect of heat mwisture of
inlet airflow. The ventilated pre-cooling route Haeen presented in Fig. 2.
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Fig.2 Assistant ventilation route of pre-cooling itet airflow

Testing Results

Experimental tests showed that: the effect ofzitii cryogenic effect of superficial layer roadwatyove elevation
of -155m to pre-cooling inlet airflow is obvious poactical situation of Jiudian Gold Mine. Belowethlevation of
-155m, the temperature of inlet airflow gradualhgreases along with the depth, and to some extemtffect of
pre-cooling inlet airflow is weakened. Below thewtion of -100m, the effect of rock seepage andkrground
water on the relative humidity of airflow gradualhcreases.

CONCLUSION

As the depth of mining of mental mine increases, hifyh temperature of underground mine has gragbaitome
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one of the main issues which restrict mine safebdpction. The paper has established the mathemhatiodel of
heat and moisture exchange between the inlet wirfladerground mine and rock wall concerning thecsioe
circumstances of Qingdao Jiudian Gold Mine in Sloawgd The numerical simulation of inlet airflow preeling
underground mine and applied practice research alececarried out. The results of this researchigeal the basis
for making full use of the resource which is lochile waste roadway and low temperature of shalloek istratum.

Acknowledgments

This research was financially supported by tNational Science Foundation funded project (5120410
China Postdoctoral Science Foundation Special fuingeoject (2014T70658), China Postdoctoral Science
Foundation funded project (2013M541934), UniverSitfence and Technology Development Program of &ram
Province (J14LHO3), The science and technology Ideweent plan project of Shandong province
(2014GSF116020), Qingdao Science and Technologg®rd4-2-4-95-jch).

REFERENCES

[1] Abdulrazag YZ Shedid ASJournal of Petroleum Science and Engineering, 2004, 42(2): 171-182

[2] Caja MA, Permanyer A Marfil R, etal Journal of Geochemical Exploration, 2006, 89(13) 27-32

[3] Hideaki Y, Polak H Yasuhiro Mitani et al Earth and Planetary Science Letters, 2006, 244(1-2)} 186-200
[4] Ren CJ Huang T Engineering Journal of Wuhan University: Engineering Edition, 2004, 37(2): 8-12(in
Chinese)

[5] Zheng G Joumal of Engineering Geology, 2004, 12(1): 30-33 (in Chinese)

[6] Liu Xiang-jun,Luo Ping-ya. Rock mechanics aretrpleum engineering [M]. Beijing: Petroleum IndiedtPress.
200410.104-106.

[7] Zhang Jin-cai, Zhang Yu-zhu@eotechnical Engineering. 19983.2 (20) .19-22.

[8] Hideaki Yasuharahmir Polak Yasuhiro Mitani et al Earth and Planetary SCience Letters, 2006, 244(12)
186-200

[9] Dong Xue-Sheng. Hydraulic Rock Mechanics. Chiviater Conservancy and Hydropower Pr@€f4185-190.
[10] Zeng LB HYG, Wang z G et al.Earth Sdence_-Journal of Cllina University of Geosciences, 2007, 32(2):
194-200(in Chinese)

[11] van Genucheten Soil Sci.Am.J,198044:892-898.

469 469



