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ABSTRACT Massive low-grade thermal energy and water vapor are stored in the hot and humid airflow of mines, typically resulting
in a poor underground working environment and posing threats to worker safety and health. The direct discharge of exhausted ventilation
air causes an enormous waste of resources as well as pollution problems to the surrounding environment. Therefore, the extraction and
utilization of mine ventilation heat and humidity have become some of the most important ways to solve thermal damage problems in
deep mines, thereby boosting their low-carbon transformation development. Affected by the changes in the surface atmospheric and
downhole heat and humidity sources, the hot and humid airflow parameters in mines change with time. Real-time determination of the
hot and humid airflow characteristics in mines is key to extracting low-grade thermal energy from the underground environment
efficiently. In this paper, the distribution law and variation characteristics of key heat and humidity joints are determined based on the
real-time calculation of the hot and humid air network. A calculation model of condensation heat and humidity extraction is established,
and the technology of low-grade condensation waste heat extraction from heat and humidity airflow is also developed, which, in
composition, forms a low-grade heat in situ utilization system combined with refrigeration and dehumidification. Furthermore, the
centralized and distributed thermal and humidity extraction and resource utilization methods of coal mine ventilation are put forward.
The effects of heat extraction and water recovery are also analyzed using examples. The results show that around 224 t of moisture is
wasted every day in ventilation air emission, whose recycling has economic benefits. Thousands of kilowatts of thermal energy are
stored in the ventilation air emission, which can be used as direct heat energy or converted electricity. An approximately linear

relationship is revealed between the temperature decrease and theoretical moisture recovery from ventilation air emission, providing a
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rapid way for engineering estimation. The analysis of the heat recovery shows that heat extraction is favored by high initial temperature

and humidity due to high values and efficiencies. The application of heat—moisture recovery in underground nodes can effectively

moderate the in situ working environment and simultaneously recover some energy as a supply to running costs. This work provides

significant construction ideas and a theoretical basis for the extraction and utilization of low-level thermal energy and heat damage

control in mines.

KEY WORDS mine ventilation; hot and humid air flow; wind network calculation; low-grade thermal energy extraction; condensation
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Table 1 Calculation parameters of heat recovery from exhaust air

Parameter Value Data source
Exhaust air temperature / “C 28.000 Measured
Exhaust air humidity / % 95.000 Measured
Exhaust air volume / (m*-s™) 100.000 Ideal gas assumption
Water content in the exhaust air / (g-m) 28.584 Given
Air proportion in the exhaust air / % 97.706 Calculated
Water vapor proportion in the exhaust air / % 2.294 Calculated
Specific heat capacity of the air at constant pressure / (kJ-kg™'-K™) 1.004 Given
Air density / (kg'm™) 1.293 Given
Specific heat capacity of water vapor at constant pressure / (kJ-kg'-K™") 1.860 Given
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Table 2 Temperature and humidity in some ventilation network nodes

Node No. Temperature /°C Relative humidity /% Flow volume /(m*-s™) Flow velocity /(m-s™)

7 23.40 96.40 16.00 1.07

8 24.00 90.10 16.00 1.07

13 23.50 86.00 9.50 0.79

14 24.00 85.30 9.10 0.76

15 22.90 93.70 16.15 1.35

16 24.20 88.70 16.21 1.35

19 23.70 91.40 18.76 1.56
22 23.50 85.60 32.44 2.70

MR 2 B /s 4% s AL i A KU AU, 36 5E
A AR XU, e S B XU it RE R A SR T
W, 5 IR KGR &, ) S5 B 2 i 07 R B BRI
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Table 3 Water content in the air at some ventilation network nodes

Node No. 7 8

13 14 15 16 19 22

Water content / (g-m™) 22.08 21.40

19.82 20.26 20.83 21.32 21.32 21.32

BRI T2 A A AT B XU, 8T U 109%
HEAT P [ i Ak B ol T 3l AR AR R BN, T 2
Mt 3l JBE A8 1 5 | R ) s U R M AR A 5 IR
BT R MO S O s iR, N2k S IR
2 U P A A% A i o L R R P A A n 5] 7
. PRI I Al R G, A% A TR s R
AW T B, P 2T R R 5 2 i R KGR B9 Ak
HUEE ) B IE B, MR A0 12 5 A0 04 52 P AR D 2k A
B, RIS s AERCR.

240 o Node No.7
§< q ° Noge N0.83
& 235} ®olq 4 Node No.1
6;0 D>Z°°§<1<1 v Node No.14
5230t BSEDD Yolq © Node No.15
g Bgav,vod < Node No.16
825l %, 88g2.795%4 >NodeNo.l9
g Co, 83§>>°o§<1<] © Node No.22
2220t %o Bgle ©olq
z %o Bgole Yol
=} O 8ol 09
= 215} o 88 > o
=] %o 8ol v
% ©o SBSDD
X 2101 N 8g
R
20.5 QQO
20.0 - : . . .
0 5 10 15 20 25 30
Temperature drop/K

B 7 T R BRI R A AL 1
Fig.7  Temperature changes in the mixed air after water and heat

recovery at underground nodes

XF R A R RO AT Rl BR A, R L T i
KRBT, BT LR A, T B AR Rl

of ek e () 7R FR T ) 8 . ML, 45 o7 B AT
(] i B B R R R . 4 RRIR IR /N T 5~ 6K
B, 38R A [l 5 A i AR, L B T R G o 3 K 22
8, 3 J2 R R A% A0 XU R D T B A K S AR A
JIN R E o 3 TG R AR ol 7K YR R A AR AR B 2, G IR
FEREZ R [ 1K, $ R RIS 25 4 38 4.1 kW
4 R TR R 2T 6 K, B 43 /K YRR 3 380 4 A T A AR
Br b, BECH AR WA, B R T B T LG, I
BHEE R R 1K, DR A3 5.4 kW.

250

o Node No.7
© Node No.8
|l 2 Node No.13 o
v Node No.14 o

© Node No.15 o
| < Node No.16 0°
> Node No.19 ©

© Node No.22 o

100 | o

[
[=3
(=]

4
(=]

W
(=]
T

Theoretical recoverable heat/kW

o
40
®0

r o
{190
#m O

0 5 10 15 20 25
Temperature drop/K

B8 I Tt s ik

Fig.8 Theoretical recoverable heat at underground nodes
THIAAS 2 BB K 0] Wi Fl e it et 2 A9 22 1k
K9z, MR /N T 5~ 6 K, #7r mifiL
A [l S 0, D PR R 2% s ASE XU P T B R



- 1716 -

TRERHEZR, 5 44 4, 55 10 )

IR VRLT, /0N A I v A 5 R X B 3K E1] 100%,
PRI T 7K R 45 5 >4 A T R 2 e 2 6 K, AR A
A AL A AKIRBES, , 45 5 I R R RS R
B I, JE R 21 1 K, B 4 K AT [l ok
P 0.12 .

250

o Node No.7
o Node No.8
- 4 Node No.13 °
v Node No.14 o ©
© Node No.15 )
- < Node No.16 0°
> Node No.19 °
© Node No.22 0°

—_ — [\
(=3 W [=3
(=] (=] (=]
(o]

W
(=]
T

Theoretical recoverable heat/kW

(=]
#0
W0
r 0
R Yol
e O

0 5 10 15 20 25
Temperature drop/K

B9 I AUk BN

Fig.9 Theoretical recoverable moisture at underground nodes

AR U, X T e T A A
PO IR PR R AR, AT el LR T AR IR B (R
B, 2% A B s RO A S S o R v TR A B Y
T R, FEFE R S AR S 0 A S KK
A 2N, 2 A 77 T SR 5 R T R B R
33 FHEMAKHIRALRFED

AR ASE ¥4 B A PR FH A R — g ARG v 4
Wi, 5 — it AV SR A mT A A A, L
fiE H2 T AR 32 B2 F TR i BRAS e A TE A FE 2
AR A X T G A R — T DL R R R
SEACFH R %, BRI, o] DA (4 A R0 N Ak o
AR AR AT, DOl BT ),
R HE il = XU X B 5 3K 95%,, i A 34 3K
) 28 C, ZAMA BT AL A BERIAE L
REH, $Em HARE L. IR R LA RE ik
2 4:1, RIR A RGP HEBE 0], B3 AE 1 BEHL W]
PR 14.4 MI. DLl L B EE 0.7 JeiH
(ANIPUERN), RGN 7 #AdE 20.57 MJ-Yuan ', 7£
MR TRRMHESI R, B R iR A 2ok R
e K AR, (Liquefied natural gas, LNG) fiti%, KRS
PAELL 37.67 MI-m” i, Hirk% LA 2.55 Yuan-m ™ 3177,
SRR ABR DL 80% 11, W) AR AL I ) 7= I i Ry
11.82 MJ-Yuan ', 7 i A REff FH K AR KA H X, AT
K FH B 2, i HE BRI R 100%, Tk FH
R 0.7 oo, W R A A = A 28 5.14 M- Yuan ™.
77 AR Bl AN A AR AL T ] 10 R

H1 ] 10 X L AT %0, Y HT 4400 T, R A R H

© From heat recovery
o © From LNG combustion
4 From electricity

33 [N} (o8
(=) w (=]
T T T

o

—_
wn
T
a]

o
OOOOOOO@BOOOOO
o

—_
(=]
T

o
DDD

AN
AN

A

W
T

A
A
A
NN

Heat generation per Yuan/(MJ-Yuan )

0 I I I I I I I I
04 06 08 1.0 12 14 16 18 2.0
Electricity price/[ Yuan:(kW-h)™]

B 10 ARy AR

Fig.10 Comparison of heat generation via different methods

AR BR AR T KRS LB A AL R HL A B G
() 26 G MR O 32, 7= A B A T 7 2 LR e R
SRANE L LY 42.5%, Lo AR R (H T 29 75.0%. &
B B AR F R AR S AEWZ 1) 28 55 M O 34 ] B B
T RARAMAR AR B A%, & 10 s, i R
SREMAEANAE, AR T I 255 A 3B Lo LT
TR YT T4 0A% EBKE) 1.2 Yuan (kKW h) !
R UL B, AR AR BRI R 238, &
M, BARAEIRAEHL T B BRIE A L5k, (E7E R 4
R R T SCHE T, FR 1] F A O A X AR P A
b2 F, M 2021 4F 2k, 2 BR K SRS - AEHELL T i,
WK 3 R AR M A% Bk ), 3 B KRR A=A 2, 3
R PR R, TR X SR A7 B Hp 225k 5, 7E [ B
B, 3 E KRN RFE I 0esh, b
W I TR G 3G, HE = KGR 1 K, m] 3k —
RS RPIEHE ARG AR, T LR
b, A IR FH H AR X F R AR AR 1 28 5 M AL 3
Ay K.

PRI A TAE T AU Ve A AR
ARBF, BT AL AL, [ e DL 2R g — i
FH, PRI AT 38 3 R FH A F 5 1 e A Tl i i FA i
A h e, AVEbEE AR A . MR B, IR 2E K
HL A 38 G AL R — A B 5 14%, RIS AR X 4
K. (A% BRI BRI HE AR FEH TR
AR A, DR, A Al T A A [T fE R
SRR, AR 23 B AR R
A BELAEOL. Bt 25 A B M BE ST HEE, SR B AR RIOR
AN W e 5 [ B R AR (), B R TR
JEE B T A K O VR A PR R R 1 25 Ak
el bz B2 AR BIERT, AR A LM
“RREFE IR IR T IE 1Y H 5.

g iR, 0RO R R HEOR B A



JELAR G2 A T S AR AR IS IR R O ik

<1717 -

BT ) 55 AN A R B N T T
4 it

(1) 5T PG00 XU B AU i SR T, 48 1 T B4
DRI R v 5 7K FRE [T i B K PR 78 T B 3
ST KON EAR IR SCHE KB S8 o3 A
A AR, PIEAG AN TR I 300 I e A2 ) R 2 A R
S U A5, VR RE A [ ik [8] AN ] 5 R 7 B4 fiE 42 X
s T SRR T HIE S

(2) B T8 FH KL P S B BEIRAR R 5
SRR LT P XA K PR AL Ve B BRI 5 AT
5, B T PUR XA AL V8 BE AR AR IR,
TR T AR ASE FABE i 457 1) FH A o) v — R 2 1B 5 10 26
G, ALEEXHE MR I T RO O KU RS
SOMELAHE A T3, o3 AL PR, WAL 4R B 1474 1E
AR BACR B 1 M) FH R A L B A A7k P 5 AT
GERAL A, SEBL T A RE S Rl — Mk F AR

(3) #& iy T8 I3 KU Hh A A =X o
[l 5 v, S BE T i 3R Al HE = XU A2 B RE [0 Wi A1)
F, TE BT N ST A o0 A AR B BRI (1971 fiE
Rl R, Sel o Mk B, = X B4 mDisc i e
FHTE IR R, T g it o 2 e A B R [l o i
GONENATE I C IS MRS

2 % xX &

[1] National Energy Administration, Ministry of Science and
Technology of the People’s Republic of China. Notice on printing
and distributing the plan for scientific and technological innovation
in the energy field during the 14th five year plan [EB/OL].
Information Disclosure (2021-11-29) [2022-04-19]. http://zfxxgk.
nea.gov.cn/2021-11/29/c_1310540453.htm
(EFRREBRRFHORTB. ST EN A+ UL RE IR UL 1)
BT LK ) (438 I [EB/OLY. 5 BAJTF (2021-11-29) [2022-04-19].
http://zfxxgk.nea.gov.cn/2021-11/29/c_1310540453.htm)

[2]  Yuan L. Theoretical analysis and practical application of coal mine
cooling in Huainan mining area. J Min Saf Eng, 2007, 24(3): 298
(RE. MR X RIS 2R, RS % 2 TRER,
2007, 24(3):298)

[3] LiZ, Zhang D J, Pan L Y, et al. Low-carbon transition of China's
energy sector and suggestions with the 'carbon-peak and carbon-
neutrality' target. J Chin Soc Power Eng, 2021, 41(11): 905
(AR, TRARR, VRO, 45, WU H AT T 15 AR IR TR e 2
2 Besde sl B TR, 2021, 41(11): 905)

[4] Cai M F, Xue D L, Ren F H. Current status and development
strategy of metal mines. Chin J Eng, 2019, 41(4): 417
(E3e0g, Beih o, (LArte. IR0 GO IT RIS & R foms. T
FERb244, 2019, 41(4): 417)

(5]

[7]

(8]

[10]

[11]

[12]

[13]

[14]

[15]

Wang H N, Peng J L, Cheng Z. Ventilation and cooling analysis of
high temperature mine. Nonferrous Met Eng, 2013, 3(3): 34
(BT, 5, B SR IR E X SRR, A 8)R
T#2,2013,3(3):34)

Gao J L, Yang M. Analysis of the factors influencing temperature
distribution of surrounding rock and cooled zone radius. China Saf
Sci J, 2005, 15(2): 73

(i K, 4 . A3 R L RE 4 A1 KR FA T A2 A 0 TR 2R 4
. AR, 2005, 15(2):73)

Li X Y, Zhao J K. Application of water source heat pump
technology in mine system. Energy Conserv Environ Prot,
2010(8): 43

CE T B, B, KRR BORTEG I RGP R, T RES
R, 2010(8): 43)

Zhang Z T. Recovery of Mine Waste Heat of Exhaust Air Heat
Pump System was Used to Study [Dissertation]. Xi'an: Xi'an
University of Architecture and Technology, 2015

ORIV . IR 2R 58 Do S HE AR B9 (20038 3.
PG PR BRI, 2015)

LiJ G, Chen F L, Jiang Z J, et al. Research and application on low
enthalpy ventilation air methane waste-heat utilization technology
of mine. China Coal, 2015, 41(12): 120

(ZEdle, BRig s, JEIEA, 8. 07 IS Z WU AR AR B
SR T EBER, 2015, 41(12): 120)

Gao J L, Zhang X B. Study on method of temperature and
humidity calculation of airflow in wet airway. China Saf Sci J,
2007, 17(6): 114

(R B, ke o oVl 4 T AL VR B R BT B ke b
22 2L, 2007, 17(6): 114)

Mo F, Yu Z M, Wu G Y, et al. Resource utilization and
comprehensive utilization of coal mine water. Coal Eng, 2009,
41(6): 103

(SR, RRphER, SRk SC, 45 MW R K BT IR ML M 2 R AT
»e 1 HE, 2009, 41(6): 103)

Xiong C C, Luo J H, Wei Y, et al. Research on the application of
an anti-freezing system at residual heat recovery head of a split-
type mine shaft exhaust. Coal Eng, 2020, 52(12): 12

(Reftil, B3, B1a, . VRl HE XA A IO F1 BT o
RGNITRSE. B AR, 2020, 52(12): 12)

Gao L. Application of mine waste heat recovery and reuse
technology in Liangshuijing coal mine. Chem Enterp Manag,
2021(30): 77

(R T 7 A3 SRR PR AR ORI i 2 . AT
7, 2021(30): 77)

Cai M F, Dor J, Chen X S, et al. Development strategy for Co-
mining of the deep mineral and geothermal resources. Strateg
Study CAE, 2021, 23(6): 43

(BR2WE, 274, MRS, 56 BRI I AR IR R SIS BT 5T
h E T RERLAE, 2021, 23(6): 43)

Chen Q G, Ge Q F, Cao L, et al. Study on thermal environment

simulation of ventilation on demand of high altitude mine based on


http://dx.doi.org/10.3969/j.issn.1673-3363.2007.03.010
http://dx.doi.org/10.3969/j.issn.1673-3363.2007.03.010
http://dx.doi.org/10.19805/j.cnki.jcspe.2021.11.001
http://dx.doi.org/10.19805/j.cnki.jcspe.2021.11.001
http://dx.doi.org/10.3969/j.issn.2095-1744.2013.03.007
http://dx.doi.org/10.3969/j.issn.2095-1744.2013.03.007
http://dx.doi.org/10.3969/j.issn.2095-1744.2013.03.007
http://dx.doi.org/10.3969/j.issn.1003-3033.2005.02.017
http://dx.doi.org/10.3969/j.issn.1003-3033.2005.02.017
http://dx.doi.org/10.3969/j.issn.1003-3033.2005.02.017
http://dx.doi.org/10.3969/j.issn.1006-530X.2015.12.029
http://dx.doi.org/10.3969/j.issn.1006-530X.2015.12.029
http://dx.doi.org/10.3969/j.issn.1003-3033.2007.06.018
http://dx.doi.org/10.3969/j.issn.1003-3033.2007.06.018
http://dx.doi.org/10.3969/j.issn.1003-3033.2007.06.018
http://dx.doi.org/10.3969/j.issn.1671-0959.2009.06.040
http://dx.doi.org/10.3969/j.issn.1671-0959.2009.06.040
http://dx.doi.org/10.3969/j.issn.1671-0959.2009.06.040
http://dx.doi.org/10.3969/j.issn.1673-3363.2007.03.010
http://dx.doi.org/10.3969/j.issn.1673-3363.2007.03.010
http://dx.doi.org/10.19805/j.cnki.jcspe.2021.11.001
http://dx.doi.org/10.19805/j.cnki.jcspe.2021.11.001
http://dx.doi.org/10.3969/j.issn.2095-1744.2013.03.007
http://dx.doi.org/10.3969/j.issn.2095-1744.2013.03.007
http://dx.doi.org/10.3969/j.issn.2095-1744.2013.03.007
http://dx.doi.org/10.3969/j.issn.1003-3033.2005.02.017
http://dx.doi.org/10.3969/j.issn.1003-3033.2005.02.017
http://dx.doi.org/10.3969/j.issn.1003-3033.2005.02.017
http://dx.doi.org/10.3969/j.issn.1006-530X.2015.12.029
http://dx.doi.org/10.3969/j.issn.1006-530X.2015.12.029
http://dx.doi.org/10.3969/j.issn.1003-3033.2007.06.018
http://dx.doi.org/10.3969/j.issn.1003-3033.2007.06.018
http://dx.doi.org/10.3969/j.issn.1003-3033.2007.06.018
http://dx.doi.org/10.3969/j.issn.1671-0959.2009.06.040
http://dx.doi.org/10.3969/j.issn.1671-0959.2009.06.040
http://dx.doi.org/10.3969/j.issn.1671-0959.2009.06.040

- 1718 -

TRERHEZR, 5 44 4, 55 10 )

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

ventsim Visual™. Energy Sav Nonferrous Metall, 2020, 36(3): 30
(BRECRI, B8 &, WA, 48 3T Ventsim Visual ™ME IR T H4%
e il WU TE. A (R 415 6E, 2020, 36(3): 30)

Wang C. Application Research of Waste Heat Recovery of Lack of
Air and Inrush Water in Coal Mine Based on Automation
Monitoring Subsystem [Dissertation]. Xuzhou: China University of
Mining and Technology, 2020

( Fl. BT A s 7 R G b Z XU IR AR A anii
FIRHHAFSE A AR S AR A K2, 2020)

Wang J, Huang W, Wang W D. Application and optimization of
return air source heat pump system in a mine of Jizhong energy
group. Heilongjiang Sci Technol Inf, 2012(7): 103

(A, B, F IR, SR ¥ P BRI B 20 [l WU AR R 5
RS A, BRIETTARHE A L, 2012(7): 103)

Liu L J, Wang J M, Ren P Q. Application on return air source heat
pump in heat recovery in a coal mine. Appl Energy Technol,
2012(10): 35

(XUBEEH, 35 W, AW B RIS BORTERD (Y 5 52
BRBFSE. I TREIRE A, 2012(10): 35)

Wang H. Numerical Simulation Method Research on Heat
Dissipation of Surrounding Rock and Prediction of Wind Tem-
perature in High Temperature Coal Mining Face [Dissertation].
Beijing: China University of Mining & Technology, Beijing, 2018
(NS e R R A T L BRCPR B X TR T S (B A D Y o
FECEALR S, AERT: P ET R AL D), 2018)

Gao J L, Wei P R. Numerical simulation of the thermal
environment at working face of diving airway. J China Coal Soc,
2006, 31(2): 201

Gt R, BOP-M75. i 8 T XA PR B8 (W B B IR e 24k,
2006, 31(2): 201)

Ji J H, Liao Q, Hu Q T, et al. Heat transfer characteristics of
driving face in heat harm mine. J China Coal Soc, 2014, 39(4):
692

(g, B, W1 T KE, 55 IRGH 0 -t AR T vin . S
AR, 2014, 39(4): 692)

Chen K Y, Zhou F B, Xia T Q, et al. Ventilation network solution
method based on coupling iteration of air state parameters and air
quantity. J China Univ Min Technol, 2021, 50(4): 613

(BIFa, R, R, 45, B2 T RS S KR G %
AR S k. oh AP R 2244, 2021, 50(4): 613)

Zhou X Q, Wu B. Theory and Practice of Mine Fire Disaster
Relief. Beijing: China Coal Industry Publishing House, 1996

[24]

[25]

[26]

271

28]

[29]

[30]

(JAOAL, REE 5 I K RBK IS S 2B, JEmT: B Tl iR
#t, 1996)

Chen K Y. The Theory and Application of Mine Ventilation System
Optimization. Xuzhou: China University of Mining & Technology
Press, 2003

(BRI B Il R G BE K. A H b b R 2
Hhfiit, 2003)

Zhang S F, Ke J C, Qin Y P. Study on the prediction of air
temperature distribution in overall mine ventilation network and a
computer program for this purpose. J China Univ Min Technol,
1992,21(1): 34

BRZFRZF, ATl ZRERF. 4 AU XU 3000 72 M G HE AL
REFROBETE. P LR, 1992, 21(1): 34)

Ma H, Gao W, Zhou X H. Study on multi-parameter prediction of
mine climate and automatic solution algorithm of ventilation
network. J Saf Sci Technol, 2017, 13(11): 110

(e, w8, A PIAe. B 2 20 5 i KU 2% A 3l i
LS. PR EEOR, 2017, 13(11): 110)

Jining Development and Reform Commission. Notice on matters
relating to the price of piped natural gas for residential use in
Jining City [EB/OL]. Information Disclosure (2022-03-11) [2022-
04-19]http://www jining.gov.cn/art/2022/3/11/art_33390 2763920.
html

CFFT T N REUR A& SR FIBCE R 5123 BE R BU% (2019201
ST T I X R A= 3 A R AR A 4 A O S 0 1) 3 A
[EB/OL]. {5 B A FF(2022-03-11) [2022-04-19]. http://www.jining.
gov.cn/art/2022/3/11/art_33390 2763920.html)

National Development and Reform Commission. The energy crisis
has led to a rise in global electricity prices China's "supply and
price stability" effect is obvious [EB/OL]. China Electricity News
(2022-01-30) [2022-04-19].https://www.ndrc.gov.cn/xwdt/ztzl/gn-
jnybg/202201/t20220130_1314263.html

(e N RILFNE 5K SR & b 2. BRI S B ek
R Bk A R AR 7 AR B [EB/OL). Hh [ HL J7 4l
(2022-01-30) [2022-04-19].https://www.ndrc.gov.cn/xwdt/ztzl/gn-
jnybg/202201/t20220130_1314263.html)

International Energy Agency. Gas Market Report Q4-2021
including Global Gas Security Review 2021 [EB/OL)]. Information
Disclosure(2021-10)[2022-04-19].https://www.iea.org/reports/gas-
market-report-q4-2021

Riffat S B, Ma X L. Thermoelectrics: A review of present and
potential applications. Appl Therm Eng, 2003, 23(8): 913


http://dx.doi.org/10.3969/j.issn.1009-3230.2012.10.009
http://dx.doi.org/10.3969/j.issn.1009-3230.2012.10.009
http://dx.doi.org/10.3321/j.issn:0253-9993.2006.02.015
http://dx.doi.org/10.3321/j.issn:0253-9993.2006.02.015
http://dx.doi.org/10.13225/j.cnki.jccs.2013.0478
http://dx.doi.org/10.13225/j.cnki.jccs.2013.0478
http://dx.doi.org/10.13225/j.cnki.jccs.2013.0478
http://dx.doi.org/10.13247/j.cnki.jcumt.001307
http://dx.doi.org/10.13247/j.cnki.jcumt.001307
http://dx.doi.org/10.11731/j.issn.1673-193x.2017.11.018
http://dx.doi.org/10.11731/j.issn.1673-193x.2017.11.018
http://dx.doi.org/10.1016/S1359-4311(03)00012-7
http://dx.doi.org/10.3969/j.issn.1009-3230.2012.10.009
http://dx.doi.org/10.3969/j.issn.1009-3230.2012.10.009
http://dx.doi.org/10.3321/j.issn:0253-9993.2006.02.015
http://dx.doi.org/10.3321/j.issn:0253-9993.2006.02.015
http://dx.doi.org/10.13225/j.cnki.jccs.2013.0478
http://dx.doi.org/10.13225/j.cnki.jccs.2013.0478
http://dx.doi.org/10.13225/j.cnki.jccs.2013.0478
http://dx.doi.org/10.13247/j.cnki.jcumt.001307
http://dx.doi.org/10.13247/j.cnki.jcumt.001307
http://dx.doi.org/10.11731/j.issn.1673-193x.2017.11.018
http://dx.doi.org/10.11731/j.issn.1673-193x.2017.11.018
http://dx.doi.org/10.1016/S1359-4311(03)00012-7
http://dx.doi.org/10.3969/j.issn.1009-3230.2012.10.009
http://dx.doi.org/10.3969/j.issn.1009-3230.2012.10.009
http://dx.doi.org/10.3321/j.issn:0253-9993.2006.02.015
http://dx.doi.org/10.3321/j.issn:0253-9993.2006.02.015
http://dx.doi.org/10.13225/j.cnki.jccs.2013.0478
http://dx.doi.org/10.13225/j.cnki.jccs.2013.0478
http://dx.doi.org/10.13225/j.cnki.jccs.2013.0478
http://dx.doi.org/10.13247/j.cnki.jcumt.001307
http://dx.doi.org/10.13247/j.cnki.jcumt.001307
http://dx.doi.org/10.11731/j.issn.1673-193x.2017.11.018
http://dx.doi.org/10.11731/j.issn.1673-193x.2017.11.018
http://dx.doi.org/10.1016/S1359-4311(03)00012-7
http://dx.doi.org/10.3969/j.issn.1009-3230.2012.10.009
http://dx.doi.org/10.3969/j.issn.1009-3230.2012.10.009
http://dx.doi.org/10.3321/j.issn:0253-9993.2006.02.015
http://dx.doi.org/10.3321/j.issn:0253-9993.2006.02.015
http://dx.doi.org/10.13225/j.cnki.jccs.2013.0478
http://dx.doi.org/10.13225/j.cnki.jccs.2013.0478
http://dx.doi.org/10.13225/j.cnki.jccs.2013.0478
http://dx.doi.org/10.13247/j.cnki.jcumt.001307
http://dx.doi.org/10.13247/j.cnki.jcumt.001307
http://dx.doi.org/10.11731/j.issn.1673-193x.2017.11.018
http://dx.doi.org/10.11731/j.issn.1673-193x.2017.11.018
http://dx.doi.org/10.1016/S1359-4311(03)00012-7

	1 矿井风流湿热提取计算方法
	1.1 井巷风流热湿参数计算与风网实时解算
	1.2 冷凝水回收计算模型
	1.3 热能提取计算模型

	2 矿井风流热湿提取与资源化利用关键技术
	2.1 井下低位冷凝余热提用技术
	2.2 井下制冷–除湿联合可控循环系统

	3 矿井低位余热与水汽回收效果分析
	3.1 乏风低位余热与水汽集中式回收
	3.2 井下重点工作节点余热与水汽分布式回收
	3.3 矿井低位余热提用经济性分析

	4 结论

