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DETERMINATION OF HYDRAULIC PARAMETERS FOR GEOTHERMAL HEAT
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Annotation. Mineral mining by open cast is inevitably accompanied by anthropogenic transformation of fertile
earths and hampers their practical use. The idea of the proposed method consists in creation of a treating object — a
bioplateau - in the goaf of quarry. In the bioplateau, higher water plants will clean the quarry waters by way of absorbing
mineral substances from water via roots, stems and leaves. Root, underwater and surface cellular mass will grow up
and, in the process of the cell dying off and decomposition, will form humus part of fertile layer. Due to technical
difficulties and high costs of water pumping into the borehole, it is necessary to determine basic hydraulic parameters of
bioplateau for arranging its gravity flow. Purpose of the work was to determine basic hydraulic parameters for geothermal
heat exchanger on the basis of determining of conditions for water gravity flowing through the tubular system of the
given sizes. It is established that for arranging water feed into the geothermal borehole of biotreating object in the mode
of gravity flow, it is necessary to arrange bottom of the «Morskaya Balka» Quarry with slope at angel no less 4°. One of
the basic parameters, substantially impacting on the rate of hydraulic resistances, and, consequently, on the angle of
quarry bottom slope, is diameters of external and internal pipe: the more is difference between diameters of external and
internal pipe, the more is sum of hydraulic resistances. In order to diminish hydraulic resistances inside the geothermal
borehole at diameter of external pipe 300 mm, diameter of internal pipe must make 0,25...0,3 of diameter of external
pipe. Further increase of this relation does not give substantial decrease of pressure losses in geothermal heat
exchanger. At diameter of external pipe of 200 mm, optimum diameter of internal pipe makes 0,35...0,4 of diameter of
external pipe.

Keywords: goaf, geothermal energy, geothermal heat exchanger, higher water plants.

Introduction. Opencast minerals extraction is inevitably accompanied by
anthropogenic transformation of fertile land and formation of anthropogenic
landscapes representing broken relief with active erosion and other unfavorable and
dangerous geomorphologic processes that complicate their practical use.

On the territory of Ukraine the total area of the transformed landscape comprises
about 800,000 ha including over 122,000 ha of quarries [1]. In accordance with
national legislation, opencast workings after their extraction termination shall be
restored up to the condition that is suitable for their further use including agricultural
one. Thus, nowadays the issue of restoration of worked-out quarries and degrade
areas’ return to their initial state is greatly urgent for mineral resource enterprises.

Analyses’ results of recent studies and publications. In mineral resource sphere
there are various possible types of areas utilization affected by mining operations
requiring their preliminary assessment in order to choose their proper use direction

2].
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To restore territories with anthropogenic damages they use such methods as
agricultural, forestry, sanitary and hygienic, building, landscape gardening, and
hydro-economic.

The direction selection takes into account hydrological state, climatic zone, areal
biological variety, economic expediency, purpose, and permitted use.

Worked-out quarries are divided into dry (non-watered), partially watered, and
watered.

After their treatment partially watered and watered quarries are especially
dangerous for people and ecosystems. Such quarries and adjacent damaged territories
can be self-restored however the processes of the initial restorative succession are too
slow. Besides, as a rule, quarry waters are polluted with suspended particles and
characterized by the high mineralization thus requiring purification and desalination.

To solve the problem of intensive restoration of the territory damaged due to
opencast mining operations with the simultaneous purification of quarry waters, the
authors improved the methods of their biological treatment in bio-plateau system with
thermal stabilization of geothermal energy (Fig. 1) [3].
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1 —pit wall; 2 —auxiliary dams; 3 — bed; 4 — water inflow; 5 — main dam; 6 — vertical hole collector
«pipe-in-pipex»; 7 — water collector; 8 — higher water plants; 9 — pump

Figure 1 — The scheme of quarry water biological treatment using geothermal energy

The idea of the proposed method includes a bio-plateau purification structure
formation in the gob of the quarry where higher water like common reed grass, reed
mace, etc. plants would be used for quarry water treatment. The plants absorb mineral
substances from water with their roots, stems and leaves. At the same time the root,
submersible and surface cell mass increases, and this, in the course of the cells’
further dying-off and disintegration forms the humus part of the fertile layer.

The debatable question in the connection with the bio-plateau structure operation
Is the winter mode of work. To avoid the winter period decrease of water treatment
one should maintain the water temperature on the treatment structure not lower than
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10...12°C. To provide such water temperature maintenance in winter within the
specified range the thermal calculation was executed, and the basic parameters of the
proposed technique were determined, and namely: number of holes, their diameter,
and depth.

According to previous thermal calculations it was determined for Balka Mokraya
Quarry in Donetsk Region [4] that for daily heating of 660 cu m of waters (the water
quantity coming to the quarry from the water bearing layer during 24 hours) up to the
temperature of 10°C due to geothermal energy 24 geothermal holes shall be drilled
with 200 mm diameter and 76 m depth. The latter need thermal insulation of 20 mm
thick glass foam 25 m deep followed a by 4X13 steel casing installation with 20 mm
wall thickness, and a coaxial plastic pipe of 50 mm diameter and 75 m length. The
space between the casing and the rock mass between 25 and 75 m is to be filled with
heat-conducting mix including up to 50% of graphite powder mass concentration [5].

In such case the daily water flow through the holes will be 396 cub m. The outlet
water temperature equals to 12°C. Mixing it with the rest volume of water would
provide the quarry water temperature increase up to 10°C.

Considering technical difficulties and high costs of water pumping to holes one
should calculate the basic hydraulic parameters of the bio-plateau to provide its
operation in gravity mode.

Problem statement. The aim of the work is to determine the basic hydraulic
parameters of a geothermal heat exchanger on the ground of conditions discovery of
gravity water passage through the tube system with target sizes.

Findings of investigation. To arrange the work of the bio-plateau in the gravity
mode one should provide the velocity head on the input of the pipe system’s annular
clearance to allow negotiation of friction and form losses by water with its further
going out of the inside pipe to the surface (Fig. 2).

The water velocity at the accepted flow rate of Q =0,001 m*/s:

— in the annular channel:

L e )
4 (07 =d?
— in the inside pipe:

4Q

VZ:ﬂdZ’ (2)
Reynolds number, correspondingly:

V,(D-d

Rel:M, Re2=VLd_ (3)

Vi v,

where D — diameter of the outside steel pipe, D =100 mm = 0.1 m; d — diameter of
the inside pipe, d =50 mm = 0.05 m;
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T, T, — corresponding temperatures of cold water, coming into the hole, and heated one going out
of the hole; V V;,V, — flow rates in the bed of the bio-plateau in the out- and inside pipes
correspondingly; D, d — out- and inside pipes diameters; |, I, — out- and inside pipes lengths,
© — inclination of the bed of the bio-plateau

Figure 2 — The scheme of water flows in the geothermal heat exchanger

The water flow character and calculated dependencies selection is determined
from Re value (when Re<2320 is laminar, and Re<2320 is turbulent).

The total head losses include form losses, friction losses along the inside pipe as
well as friction losses in the annular channel along the inside wall of the outside pipe
and the outside wall of the inside pipe.

AP =Y hR + R 4 @)

i=1

where Zn:h”* — the sum of form losses due to the flow turn at the inlet to and outlet

i=1
from the heat exchanger, and the 180° turn at the transition from the annular channel
to the inside pipe; h™; — friction losses along the annular channel; h[%, — friction

losses along the inside pipe.
The friction losses of the flow along the annular channel include those along the
inside wall of the annular channel, and along the outside wall of the inside pipe.

5 =hs" +hg, ()
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FR . . .. FR
where hg" — friction losses along the inside wall of the annular channel,; hs —

friction losses along the outside wall of the inside pipe.
The friction losses along the inside wall of the annular channel are calculated
using Darcy-Weisbach formula [Bashta, T. M., 1982]:

L, oV
ng" = = (6)

where |; = 76 — the length of the annular channel (the hole depth), m; /1(&% — friction
coefficient.
The friction coefficient for the annular channel is determined by Altschul formula

[Steinberg, M. O., 1992]:
@ _ eq 0.25
//LFR - 0711( D + Rel) ) (7)

where ASY — equivalent roughness of the annular channel, mm.

The friction losses along the outside wall of the inside pipe are determined using
the formula:

he® = 22, |_2P1V12
d 2 (8)
A8 - o
where “FR — friction coefficient for the inside pipe walls, m;
AL 68
A9 =011 (L +—)°®
FR (d +R92) ’ (9)

2
I, — the length of the inside pipe, I, = 75 m; A(eq) — equivalent roughness of the inner

tube surface, mm.

We assume that the equivalent roughness of the in- and outside walls’ surface of
the inside pipe is equal.

The friction losses along the inside pipe hs'y are determined by the formula:

2
hy' =ﬂiR'jp 2;/ 2 (10)

The form losses are determined by Weisbach formula [Altschul, A. D., 1976]:

n V2
R =3 gt pz , (11)
i=1

LR
where fi — coefficient of the i-th form loss.
The form losses include as follows: the 180° flow turn, the inlet to and the outlet
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from the pipe.
On the ground of reference values [Steinberg, M. O., 1992]: & ym= 3.6 (180°

turn); &ine= 1.0 (inlet to the pipe); & oue= 1.0 (outlet from the pipe to the basin).
Physical parameters of water are accepted from reference values [Mikheev, M.
A., 1977]:
— at T=Ty: density p;, kg/m®, kinematic viscosity v;, m?/s;
—at T=T),: correspondingly, p, and v;.
The mean water temperature in the annular space is accepted:

770+75

= —5— (12)

where T, u T, — corresponding temperatures of cold water coming into the hole, and

heated one going out of the hole, C;

Calculation:

7412

T =9,5C

p1 = 1000 kg/m®; v, =1,33-10° m’s.
At T, = 12°C: p, = 999,7 kg/m®; v, =1,246:10% m%s .

0,001
(012 -0,05%)

1= 314 =0,17 m/s;

L

v 40001
*~314.0057 0> MS

~ 047-(0,1-0,05)
1,33-10°
0,5-0,05

e, =— =
= 124810 ~ 20064>2300.

=6390>2300;

Re,

1 2
On the ground of reference values [Chugaev, R. R., 1975]: A(eé = 0,07, mm; A(eq)

= 0,0058, mm.
Calculation:
0,07 68
A =011 (—+ 025 =
FR (100 6390) 0,035
0,0058 68
AR =011-(———+ 025 =
= ( =0 2006 4) 0,027

2
th — 0’035.7_6 M =384,37

01 2
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75 1000-0.172

hf? =0,027- =
S 0.05 5 585,23
™ =384,37 +585,23=969,6
75 959,7-0,5°
hR =0,027- Sttt b by
5y 005 5 4858,48

As compared to other components the value of the head losses in the h;'y inside
pipe is almost five times higher than the sum losses in the annular space.

1000-0,17° 1000-0,17° 959,7-0,5°
. +1. +1-

h'® =3,6
2 2 2

=186,43

AP =969,6 +4858,48 186,43 = 6014,51 PA

Thus, the 4P = 6014.51 Pa backwater is required at the inlet to the hole.
The flow rate at the inlet to the hole mouth shall equal to:

v - 2-AP:\/2-6014,51:3’5 /s,
D 1000

In accordance with Chézy equation:

V=C-JRi, (13)

/8
where C = 79 — Chézy coefficient; g = 9.81 m/s* — acceleration of gravity; 1 —

coefficient of the bed roughness, 4 = 0.35 — for the channel of irregular profile
contaminated with stones and water plants; i, — piezometric bed inclination (quarry
bottom), i,=sind; R — hydraulic radius, m.

R=—
where W — water section of flow, m*; 1 — wetted perimeter, m.
The water section of the flow is determined using the formula:
W=B-H, (15)

where B — river bed width, m; B =10 m; H — bed depth, m; H=1m.
The wetted perimeter is determined using the formula:

A=2H+B, (16)

W =10-1=10m A=2+10=12m
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10
R="—"=
12 0,83 m

Calculation: C= &’8144,97 m°°-s?
0,35
V2 38
"= C?R 14.97%.083

=0,065;

O=arcsin(ip)=arcsin 0,065=3,7°=4°

Thus, to provide water supply to the hole in gravity mode for Balka Mokraya
Quarry conditions its bottom shall be designed with at least 4° inclination.

The findings obtained are true exclusively for the target parameters of Balka
Mokraya Quarry. In real conditions outside parameters of purification structures may
differ including water consumption, pipes roughness, and bed’s width and depth
having influence upon the values of hydraulic resistances.

Due to the analysis it was determined that one of the main factors influencing the
value of hydraulic resistance and, consequently, the angle of the quarry bottom
inclination is the diameter of inside and outside pipe. So, it would be expedient to
determine the ratio of pipes’ diameters for minimal sum of hydraulic resistances.
For that the assumption was accepted that the hydraulic resistance in the inside pipe
should be approximately equal to the sum of hydraulic resistances in the annular
space. The prevailing dimension is the hole diameter, so calculations were based on
200 and 300 mm diameters of the outside pipe. The corresponding results are
represented in the Fig. 3.

ar

" -
™ *
L T v 99299992 w

01

AP —head losses, Pa; d/D — ratio of diameters of the in- and outside pipes;
1-D=200mm,?2-D=300mm

Figure 3 — Dynamics of head loss changes due to the diameters ratio of the in- and outside pipes



174 ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eorexHiuna mexanika. 2018. Neo 140

On the ground of the graph the conclusion could be made that the larger
difference between the diameters of the inside and outside pipe the greater the sum of
hydraulic resistances. So, to decrease hydraulic resistances within the geothermal
hole with the 300 mm outside pipe diameter the diameter of the inside pipe shall be
0.25... 0.3 of the outside pipe diameter. The further growth of the d/D ratio cannot
provide any substantial decrease of the head losses in the geothermal heat exchanger.
For 200 mm outside pipe diameter the optimal diameter of the inside pipe shall be
0.35...0.4 of the outside pipe diameter.

Conclusion. Based on the calculations it was established that to provide water
supply to the geothermal hole of the biological treatment structure in gravity mode
the bottom of Balka Mokraya Quarry shall be constructed with at least 4° inclination.

To reduce hydraulic resistances within the geothermal hole with the 300 mm
outside pipe diameter the diameter of the inside pipe shall be 0.25...0.3 of the outside
pipe diameter. When the diameter of the outside pipe is 200 mm the diameter of the
inside pipe shall be 0.35...0.4 of the diameter of the outside pipe.
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AHoTauif. BuaoByTok KOPUCHMX KOManuH BIOKPUTAM CMOCOBOM HEMUHYYe CyMpOBOMKYETbCA AHTPOMOrEHHOK
TpaHcopMaLietd POaKYNX 3eMelb, WO YTPYAHIOE X NPaKTUYHE BUKOPWUCTOBYBaHHS. |Oes 3anponoHoBaHOro cnocoby
nonsrae y CTBOPEHHi y BUpobreHoMy npocTopi kap'epy O4UCHOI Cnopyam — Bionnato, B SKOMY ANS OYULLEHHS Kap'epHUX
BOA BMKOPWCTOBYBATUMYTbCS BULLi BOAHI POCIMHK, L0 Yepe3 KOpiHHSA, cTebna i MNCTS BCMOKTYBATUMYTb  MiHeparbHi
peyoBuHM 3 BoAM. py LbOMy HapoCTae KopeHeBa, MiABOAHA i NOBEPXHEBA KMITWHHA Maca, fika B MPOLECi No4asbLLIOro
BiMMPAHHS i PO3KIafaHHs KIiTOK YTBOPIOE NYMYCHY YacTUHY POZIOYOro Wwapy. Y 3B'A3KY 3 TEXHIYHUMMW TPYAHOLLAMM |
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BENMMKAMW BWTpPaTaMW MpW OpraHisauii nogadi BOAM 4O CBEPAMOBMHM HACOCOM, HEOOXiQHO BU3HAUMTM OCHOBHI
rigpasnivHi napameTpu Bionnato, siki 4O3BONATL OpraHisyBaty ioro poboTy y pexumi camonnmay. MeTta pobotu nonsirae
Y BW3HAYEHHI OCHOBHMX TigpaBMiyHMX NapaMeTpiB reoTepManbHoro TennooOMiHHMKA Ha OCHOBI PO3KPUTTS YMOB
CaMOTEYHOTO MPOXOMKEHHS BOOM Yepe3 TpybuacTy cucTemy 3agaHux posmipie. BCTaHOBREHO, WO Ans opradisauii
nogavi BOAM A0 reoTepManbHOi CBEPANOBMHM BIOOYMCHOI CNOPYAKN Y pexuMi camonnuy, AHO kap'epy «banka Mokpa»
HeobXigHO crnopyauTh nig KyTom He MeHwe 4°. OgHMM 3 OCHOBHMX NapameTpiB, WO iCTOTHO BNMMBAKOTL HA BENUYUHY
rigpaBnivyHX OMOPIB, OTXE, i HA KyT HaXWNy OHa Kap'epy, € LiaMeTpK 30BHILUHBOI i BHYTPIWHLOI TpyOu. Yum Binblue
pi3HMUSA B X AiameTpax, TUM Cyma rigpaBniyHmnx onopis Oinblie. [ns 3MEHLIEHHs rigpaBnivyHuX OMopiB ycepeauHi
reoTepmarnbHOi CBEPASIOBMHM NpU AiamMeTpi 30BHILLHL0I TPY6n 300 MM giameTp BHYTPILLHLOT Tpy6M NOBMHEH BYTY PiBHWI
0,25...0,3 Bin piameTpy 30BHiLWHLOI. MMoganblue 36inblLeHHs LbOoro BiAHOWEHHS He 3abe3neyye iCTOTHOMO 3HUKEHHS
BTPAT HaMopy y reotepmansHOMy TEMNOOOMIHHMKY. [ns 30BHiLWHbOT Tpy6u giameTtpom 200 MM, ONTUMANbHUIA giameTp
BHYTPILWHLOI TPYOM cknagatume 0,35...0,4 Big giameTpy 30BHILLHLOI.

KnioyoBi cnoBa: BuMpobneHuit npocTip, reotepmarnbHa €Hepris, reotepMmarnbHUin TennooOMIHHWK, BUL BOAHI
POCIHMN.

AnHoTauus. [Jobblva nonesHbIX 1CkonaemblX OTKPbITHIM CNOCOBOM HEM3BEXHO COMPOBOXAAETCSH aHTPOMOrEHHOM
TpaHcdopmMaLmen NIofOPOaHbIX 3eMeNb, 3aTPYOHSIOLER UX NPaKTUYECKOE WCMONMb3oBaHWe. Maes npennioXeHHoro
cnocoba 3akniyaeTcs B CO34aHuM B BbipabOTaHHOM MPOCTPAHCTBE Kapbepa OYMCTHOMO COOpYXeHus — buonnato, B
KOTOpPOM AMs OYUCTKM KapbepHbIX BOA, OyAyT MCMONb30BaTbCS BbICLUME BOAHbIE PACTEHUsI, Yepes KOpHW, ctebnu u
NUCTbS  BNUTLIBAKLLME MUHeparbHble BellectBa W3 Bogbl. [lpy 3TOM HapacTaeT KopHeBasi, MOABOAHas W
NOBEPXHOCTHAs KNETOYHas Macca, KoTopasi B MpoLecce AarnbHEMWero OTMUPaHUS U pasnoXeHust KNeTok obpasyet
TYMyCOBYI 4acTb NNOLOPOAHOTO Cnosi. B CBA3M C TEXHMYECKMMM TpyAHOCTAMM W DonblumMmuM 3aTpaTamu npu
OpraHv3auun nogayu BoAbl B CKBaXMHY HACOCOM HEOBXOAMMO OnpesenuTb OCHOBHbIE rMOpaBnMYeckue napameTpbl
Buonnato, KoTOpble MO3BONAT OpraHu3oBaTb ero paboty B pexume camoteka. Llenb paboTbl 3akntovaeTtcs B
ONpeaeneHn OCHOBHbIX TMAPABMWNYECKMX MApaMeTpoB reoTepManbHOM0 TennoobMeHHUKa Ha OCHOBE pacKpbITiS
YCNOBMIA CaMOTEYHOTO MPOXOXKAEHNS BOLbl Yepes TpybuaTylo cuctemy 3aaaHHbIX pasMepoB. YCTaHOBMEHO, YTO Ans
OpraHv3auun nogayu Bofbl B reoTepMaribHyto CKBaXWHY BUO0YUCTHOrO COOPYXEHWS B PEXMME CaMoTeka AHO kapbepa
«barnka Mokpasi» Heob6xoaMMO coopyanTb Mog Yriom He MeHee 4°. OfHUM 13 OCHOBHbIX MapameTpoB, CYLIECTBEHHO
BIMSIOLLMX HA BEVYMHY TMAPABIMYECKMX COMPOTMBIIEHUH, @ 3HAYUMT - U HA YroN HaKioHa AHa kapbepa, SBnalTCs
ANaMeTpbl BHELUHEN W BHYTpeHHe Tpybbl. Yem Gonblue pasHuua B AWaMeTpe BHELIHEH W BHYTPEHHEN TpyObl, TeM
CyMMa TMAPaBINYECKMX COMPOTMBNEHWA Oonblie. [N yMeHblUeHWs MapaBnMyeckux COMPOTUBAEHWUA BHYTPY
reoTepmarbHON CKBaXWHbI NpK AnameTpe BHelwHen Tpyobl 300 Mm anameTtp BHYTpeHHen Tpybbl AomkeH ObiTb paBeH
0,25...0,3 ot gnameTpa BHelHei. [anbHeillee yBENnWYeHWe 3TOr0 OTHOLIEHMSI He 00ecreyMBaeT CyLECTBEHHOro
CHWKEHMS MOTepb Hamopa B reoTepmarnbHOM TennoobmeHHuke. [Ans BHewHen Tpybel auametpom 200 mm,
ONTUManbHbIN AnameTp BHYTPeHHen Tpyobl coctansieT 0,35...0,4 oT AMameTpa BHELLHEN.

KntoueBble cnoBa: BbipaboTaHHOE MPOCTPAHCTBO, reoTepManbHast SHeprusl, reoTepManbHbli TeNNO0BMEHHMK,
BbICLLUME BOAHbIE PACTEHNS.

Cmamms Haditiwna do pedakuii 30.05. 2018
PekomeHdosaHo 0o OpyKy 8-pom mexH. Hayk T.B. ByHbko



