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Abstract; In order to solve the heat damage issue brought by deep mining in coal mines, based on
ANSYS simulation software, the roadway heat insulation model was constructed. The influence of basic

parameters of different heat insulation layers and laying methods on the roadway wall structure was
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analyzed, and the cooling effect of the heat insulation roadway was further investigated. The results of the
study show that the laying of the heat insulation layer could reduce the radius of the peripheral rock heat-
regulating circle and slow down the heat dissipation of the peripheral rock, and the three ways of laying the
heat insulation layer have little effect on the temperature field of the peripheral rock. Compared with the
temperature of the non-insulated support layer, the average temperature of the support layer is reduced
significantly by laying of the heat insulation layer in the rock-adhering type, whereas the opposite is true
for wall-adhering type and the sandwich type. The increase in the thickness of the heat insulation layer and
the decrease in the heat conduction coefficient of heat-insulating material could increase the heat-insulating
effect, and 7cm is the optimal thickness of heat insulation layer. Excessive inlet wind speed or air
temperature will affect the cooling effect of heat-insulated roadway. Heat-insulated roadway is suitable for

high temperature roadway with low wind speed, low inlet air temperature and long ventilation distance.
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Fig.4 Surrounding rock temperature field distribution of each insulation layer laying structure

Hi P 4 m B Fla A9 IR Sl LT DU I8
Fv s DA 0 1 ] I e R S o i 2 R4 IR T
B2 A TR I3 L, 45 5 1R ] 4 i 1
oAU, B AR 1A B T BE S e T TR B R A Y
R TRLASCR, o L I e T P e (L o 0 s o
BERY 0. 1% 143 Fil b i 45 B 3 K Pl 5 i o 5 St T
AR O M RE B S SR LA TR B R
5 HrRTRUE R BB HR A, [ R e A
h 2195 m, SRR PVZE  JRHAIE AR, 3 T
POZ BT TR IR AR 20. 68 m, X UL
B A= A Bl 7 AU AN S A A T L A A )
oA

Kl 6 S AR bt Z 4T s 5 2T A B i 45 44
YRR ARARTE O, H1 I 6 AT To R BAE i A TE
PR XU IR EE A 27. 8 °C, 70 K B P2 B ol
I BE ORI Lo 2 8 P 25 XU T 70 ] 2

27.2.27.1.27.3°C, S5HMMZBIEMIL, FHR
BEBIFEAR 2. 29% 2. 5% F1 1. 7% ; TCRa#RJZ0F 524
RV RETR S 30. 2 °C , X E R IVR IS, SR BUl
IR O 0y 2 S 4 )2 8 Y RE TR R R AT
1°C, SRIBUM; R = e 03X B 402 19 O X T 52
PR RIS E 3.8 FT 1. 2°C,

IREE R I 3 AR IE IR S A T
PRI T A BT R AR, O 5k A 3 XU N S 4 2
IRERACR e 28 . 3= R TR XA TR,
SR FH G 5 3R 4022 1T DAAS 8508 n LA 5 52 40 2 22 1)
V1R TETEAREL , DA T R 246 61 25 ) S 47 J2 R 6 3 P 1)
5 SR AN [) 1) B A2 Al i3 =0 S 4 2 4
(R sE AN ] Sl =R I R SR e 0 X, S92
SV IR T O R A2 A T PR A W R T A AL
B P ) S AP R AR 3, e TR X AR 1 )2 3P
SERHEAT B AR LRI, S A T P A e T e o) S 4



SL IO S I 344
- 158 - China  Safety Science Journal 20244
52 41 =
sok 40 F——TRRE o
39 |~ YT em el
48 F —— BE#ZE 14 cm
38 F——[EHE21 cm
46 - 37k
44+ 36
@)
o8r L
40 | B 34r
e 33t
38 F 1
36 P agso bl 1 0 1111 31
ul —o— ERHE 15161718 192021 2223242526 30 Lo
g —0=iER 29
32 -OOJJ _A_m[!i%it 28 -I 1 1 1 1 1 1 1 1 1 1 1
30 -z?ﬂll —IV—I'%‘DIE'C L o L 00 04 08 12 16 20 24 28 32 36 40 44
0 2 4 6 8 10 12 14 16 18 20 22 24 26 %éﬁﬂ*ﬁfgﬁ“ !
et FA 2 I BE B /m (a) 7N[F] B 2 5 P o T B T R FE AR A
41
_ N [PIPEN N —— SRAHO. :
5 ERARSEFR TEERNEETLER x| _%ﬁ%gmm;
; iati ; ; 39| —— SHAL0.394 W/(m KD .
Fig.5 Variation of radial temperature of surrounding oy SHAH0.725 Wim-K)
rock under different laying methods of heat | S5
insulation layer 36}
£ 35t
40 , 2 5]
E Isnrm EArE RN Rz |
35+ 34
3 . R 32F
Wl 502 o AL 3L2 314 314 a1 L e
7.8 2727 271 273 30}
o 25t 29t
‘@ 28 1 1 1 1 1 1 1 1 1 1 1 1
mE 20 00 04 08 12 16 20 24 28 32 36 40 44
e I /m
Bos L (b) N[ SR YO 8 R TR FE AR 1k
ok H7 BEEBEEERESTY
s Fig.7 Variation rule of roadway wall
temperature gradient
0 & )
Il I . 8 = 8
AR R P17 T TR 23 A 5 W2 S

Ee6 RARMRAXNEEEMEHHIRM
Fig. 6 Influence of laying method of heat insulation

layer on roadway wall structure

JZRIRRAEFABR, 2 F ok DI A o6, 4 b
FRELFE S B0 2R BT B T AR R I
2.2 BHREI BRI

TERfE B P27 SO X gL, 4
IS A 2 D R A2 1) S A R B, T B R
JZIERE R 0.7 .14 21 cm, fa 2 SR BN RS
B B PO B 1, R R EA I R 0,124
0.283.0.394.0.724 9 W/(m - K) , 7EHEXFEE T,
S BT AN ) B A2 JEE 38 A 5 AR R 0 A 1 S 11 K v D
Z=1 000 m 4 F 18 BE [ (%) I B2 oA, A5 R 7,
K8 frn, 7 KA br e R 4, #RIEUE
L B FA A 4 m (IR EE AL,

JE B2 12 ) o A — 3K, TR 43 A LA B G )
SYIKIRAFAE , 2P 2 B2 I 5 2 58 B Ak 1
V2 R A A AR A e B B AR
SRR, B2 00 T BE A B i/, X B 42 i )
PIJZ F2 B 5 R R PR 4 A B R A 2 [
i R HGA I HL R 2 B 2 5 B R R B
AR A, B Ta AT X T 5 30 B0 [ B4 B
BT RL, B A 2, R Vi 25 O 30 1) L A P
FE, HE 7 FTAL FEAR BB IAEEE 7 em AT B0
N B HA R G R BGEAIG , A A AR e
8, 3R U IR A S 38 R HOGT [ e ) A T R 5 38
i ) BRI AE

P18 Sy A T 2 A 32 A [ o A JE A
IRB AR

&l 8a T HI. 7E TCRRINZ AR IZ R E R 7
14 21 em S50 T, S 2R B R 43 58 30.1.,29. 2



#

11 FETRMESS: Bl BE IR 242 X0 8 1 AR T AR B S 20 A - 159 -

40 -
CIBARG EAXYE Y Bz
35t . . N
30 202N .
T HA 7 3L£)7 16_‘)2}; 2»7237i
O 25t B
i
g 20
5’
B o1st
10}
5k
0

O 1 1
TRHE  FRRZET cm BEHVE14 cm ERUE21 cm

R 2 IR BE
(a) BEHE B RE 5 T8 BE TH 45 H4 RO S

40 e B -
BN A E RY AR
35
31 313 31 301 31
N 9.9 30.1_3
L 292 298 K 299K N
30 272 % 275 % 27.6 % 271 7
5\) 25
i
8 20
"
B 15
10
5k
O A 1
0.124 0.283 0.394 0.7249

FHRBY(W-mTK)
(b) IARBO B EE 45 4 R

8 RRAEXNBERESHNIIN
Fig.8 Influence of heat insulation layer on

roadway wall structure

28.7.28.3 C, A% NV 3 XU IR BE 3 ) R 27,8
27.2.26.9.26.7 C, "] VA& H, Fa #0255 38 0 5
S 2 AR E 1 KU TR T R AR, (LR AL 1)
JEE RTINS KU RN S 32 1R B R 2 R
JEE P 388 T o8 TR AR R AN B i X U BR A2 5
SR A | IV 3% 485 A AR S 7 0 W o e AR 1)
PRIZIERE 7 em A ERRINVZ R MRAZ IR
S350 31.8.32.4.32.8 °C, BIFR#UZ MR | fR # 2
T R K 156 I A FH I AR e iR A T A 2 PR A
T B AR e R P e

Hi 1l 8b 7J 1. B & PR A= SR R E B, 4
TE T RIS A R A e 2 B, B AR
EIERZ TR, I BASb 1 R 2 i A 22, (B34
FEOKT 0.283 W/ (m - K) B, REH —E 1 FE i
R (RGBT 75 ORI,

S B AR Il TR R R B X AR
BET 25 AR B 55 m, fR A2 (s e T
Rl 5 3 2 2 [ ) BBE, X 5 AR [ 7 B B

RN, BB 205 R 2 106 1 i A A L
5 Xt T2 R BE AR [R] B B AR RHINT 5, Bk 44
W/l LA R L e B ) S0 R AR IE
PN A3 5 B R R B 4 84 o RS A 28 50 DN AT
o B0 P2 IR EE I 3T, B AR = AR B AR A
18 FLA R 22 | 9 HL AR 2R AR 7 B A= A L
18

3 KiRs#xtRAEENIIN

AR b SO B PR A8 7 S S8 43 Hr Al
R <30 S R0t 5 M o A 1 el R B
RN, LU XS O AR o3 Hr HO B PR I
TRACR B0
3.1 ANOXER R

BB EELRE S 7 em , 451 1 D W14 XU 24 °C
ARG 5 2 BEE 3 LV U 0. 15~4 m/s §8
L, B 5 R A T RGE 7350000 1,23 4 m/s 3l XA
PR APIRATR , W AR O b 2 IXUIAE it 88 728 1
K9 firs 3% 3 B BV T LR AN [R) A 1 X3 B e
TR

H P 9a ] 01« A ) JXUGHE NS 8 T8 A [l S8R 25 7
A —E R BRI, U5 BRFAET IS O TR 22 5 A X
HOREL, T E XSS, AW R X AR
T A R R TR/ B A KR R B AR TR, a3
PriAD Ttk XU R, XU -5 [l A A FAAS i
R R ) A2, Bl XL PR sl )

*3 ARANORETRHBEAERGR
Table 3 Cooling effect of thermal insulation layer

under different inlet wind speeds

AR/ BIE ORI/ C _
-1 = RV =3 F%[pfﬁ/%
(m-s™) il (EAY
1 31. 40 30. 15 3.89
2 28.15 27.37 2.77
3 26. 88 26.33 2.04
4 26.21 25.77 1. 67

2 3 AT X i A T Al B 2 5 AR TE Y
V18 DRI L2 ) A 5 i DR 8 1 348 o i
AN AT R 1 m/s B, XU IR BE B G R N
3.89% , 4 KHIEANF] 4 m/s B AXFEAK 1. 67%, X
I R RO ) ) 88 3 25 SR 5 A 11 XU T % DT A
5, B ETJRUIE 3 B A5 R, B PR A TR AR AR
A, 30 XU R o TR I S R TR e, (R
T TAESME SR, o 2 AR A8 XA, R L,



hoE " 2 R ¥ % R H34k
- 160 - China  Safety Science Journal 20244
32r 38 o
—=-24°C, HRHE
37F —-26C, ﬁﬂgﬂ*
i ae=ig :
—— , N o 7
30 F 35_—D-24°C; %gm# -
M-%ﬁ%p.%&%_
9} BE2IRT S
O3k , 7
© 28t w31}t
® 5 30}
g 27 | 29tk
28|
26 |
271
25 F 26
251
24t 24}
23 1 1 1 1 1 1 1 1 1 1 1 ]
23 L L L . . . L . L L L ! -100 0 100 200 300 400 500 600 700 800 9001 000 1 100
-100 0 100 200 300 400 500 600 700 800 900 10001 100 KR /m
A /m (a) BRI B,
(0) BURTCRAEH s
1.4r o [HGIERE
13F o MMAFIFIRZE
1.2 F 12+
1.1F Y=3.01-0.96exp(x/39.2)
1ok Y=0.34+1.8%xp(-x/1.86) o R=0.99
O R=0.99 T L
© 09t oL
" |
= 08F
0.7 F
06| 1.0F
0.5F
04 B O 9 1 1 1 1 1 1 1 ]
03 S "3 24 25 26 27 28 29 30 3l
0.5 1.0 1.5 2.0 25 3.0 35 4.0 4.5 ANORGE /C

AN A RGE/(m-s™)
(b) FR#ARETRIRZME

9 ARANORETEERREWL
Fig.9 Changes of air flow temperature in roadway

under different inlet wind speeds

FERR AR TE T WG R 75 B TS R, DA Aty
PBEIRIR 5%
3.2 ANORGERI MG

R 11 IXUIAE T o) o A T AR R 5 SR A F 5
CIF: PN BN RGPS A I ESSE] N s | |
W, DA XU BE R A St 43 B ARG o A s 1
SRR, B2 IEE R 7 em, ) H XA
1 m/s, B8 A XU 530 24 .26 .28 .30 C, 3N
i XA B FSE B, W AR T rfoc b 2 XU TR BE 1] 10
Jim, 2% 4 RN F XU 00 4R 1R R S T8 H 1
15 KU R B AR Al

FH ] 10a 7] 601« Bt 25 308 DRV 8 B 186, 45 P XU
Lt ot 2 8 o (L DRI e S P, 3 B PR
BRI (EGE XUEE 25T 100 m B, P o B
AP RIRETRASCR . Sk KRB KT 28 CHY 4l 1%
IR AR T 114 B TR SR AN B S, B A 5 P AL

(b) FEflERZEE
E10 ARANORETSHERNTEEZTN

Fig. 10 Changes of air flow temperature in roadway

under different inlet air temperatures

ZER/IN ., ARG 10b H AT RG-S B AT T2
PG R AT A XGRS R I, X T84S A 1 e
TRACRIEA .,
F4 AEANORETRHRENEEER
Table 4 Cooling effect of heat insulation layer under

different inlet air temperatures

. A O XU TR/ °C _
ARG/ C AT A FENE/ %
24 31.40 30. 15 3.89
26 32.83 31.67 3.53
28 34.26 33.20 3.09
30 35. 69 34.73 2.68

HI 2 4 R A RUEA 24 °C B XU T
IR EE S 3. 89% (LI B2 3 fin 1) 30 °C W, BRI 2
LA 2. 68% , 33 15 A P B A e 1 e T 50 2R TR R A
PR HAE 25 00 56 22, BV 1 XU T % o 4
AR T 1) R AR BA SRR, HXGR LR g, 41
Tl R B



11 A RS B B P2 6 A 3 R TR AR B4 5 ) 43 - 161 -
E 8 KRS 2 R W RCR R B W 08, 7 cm
4 zZ5 1

1) GRIZ S A T B A A2 B sk
/1N B BRES T S34 IXU A Ui B IR T JC B 321 34 X
IR A3 AR 2. 2% 2. 5% 1. 7% ; a2 4%
J5 S AR AN 23 5 [ 5 18 A0 B 42 i 2 B
SRR 2 SR B YR AR T T BRI B 1)
IR RRARAE S A 1 C, T el A e 0 2l
P2 0 A 34 v T O RR A2 B B 43 il
T 3.8 fll1.2C,

2) X SR EOH R BRI R, 35 I Be )2 2
JE L 2 BE TN AR T RE [ 25 04 B 3 r) I B R B X AR

AR IR X TR AR 2 5 B A ] ) B Akt
Ak, T AR BRI, A R T 25 40 BT 30T 1 TR P
K, B IR SRR B S, 7 6 FH R AP R 1 7 45 3 R A
B R i R BN B AL L

3) A E R A KT B A I8 A [ TR AR I A
BRI, KON 1 m/s B, XU T BE R R 3. 89% , 24
IS 4 m/s B AUBEAR 1. 67%, A R T
JER T 28 CHT, B s 1 A P R R0 2 i R A, I
LI DR T 8 0 T 1% T v, KT I8 3 A SR 1 41 i
Y FH A 5

DHEK, BT, KR U HSERHEERERARARRNALI]. BEZRNZSTIE, 2020, 11(1):

LUO Yongdong, WANG Haining, ZHANG Yingbin, et al. Research and application of cooling technology in roadway

HE Manchao, GUO Pingye. Deep rock mass thermodynamic effect and temperature control measures[ J]. Chinese Journal

XIE Heping. Research framework and anticipated results of deep rock mechanics and mining theory[ JJ. Advanced
MR, W, O/DFE, F. BEFROSRON HERBEFESREMNTEIDAL]. VLZESR, 2018,
DU Cuifeng, BIAN Menglong, HE Shaobo, et al. Formulas of radius and temperature of heat regulating circle based on
BREDMBHHAR. LEDZET ARIL]). PELZERNZEIR, 2023,

ZHANG Jian, ZHANG Pengyan, WEI Jianping, et al. Study on distribution character of heat regulating ring in roadway

surrounding rock : taking Yangchangwan coal mine as an example [ J]. China Safety Science Journal, 2023, 33(8):
RFE, THE, BYE, T REW HASBDEERERXDBRITEDI]. PEEBREFR, 2022,
XU Yu, LI Zijun, JIA Mintao, et al. Conceptualization and method for synergetic mining of geothermal energy as solution
X, BER, T80, & RERET SERASHAERARMRERSEREL]. B L%, 2014, 45(3);
QI Yudong, CHENG Weimin, YU Yanbin, et al. Status summarization and progress of heat hazard control technology in
B, e, BA=, F EBSONT ABXERMSENZIOHARD]. PEZENZFIR, 2022, 32(7):

YOU Bo, MAO Cong, SHI Shiliang, et al. Research on influence law of pipeline structure of mine ventilation clothing on

5 % x o
(1]
85-91.
driving in the mine at high temperature J]. Nonferrous Metals Science and Engineering, 2020, 11(1): 85-91.
(2] @, B RBSERDZBNLBENRLI]. SONFILTEFR, 2013, 32(12): 2 377-2 393.
of Rock Mechanics and Engineering, 2013, 32(12) . 2 377-2 393.
(3] WA “RESANZSHEERLS HFREBSHENREL[]. TRRIZSER, 2017, 49(2): 1-16.
Engineering Sciences, 2017, 49(2) . 1-16.
(4]
45(1) . 28-33.
steady heat conduction[ J]. Mining Safety & Environmental Protection, 2018, 45(1). 28-33.
(5] K2, skBSur, ME¥, 5 BEeds
33(8):125-133.
125-133.
(6]
32(5). 1515-1527.
to heat hazard control in deep mines[ J]. The Chinese Journal of Nonferrous Metals, 2022, 32(5). 1515-1527.
(7]
167-174.
coal mine of China[ J]. Safety in Coal Mines, 2014, 45(3). 167-174.
(8]
195-204.
interior space microclimate[ J]. China Safety Science Journal, 2022, 32(7) . 195-204.
9]

B, T35, KBS, 5. BHEERADT G ERANIBICSIRIARI]). ZE2SINESR, 2016,
16(2) . 99-102.



hoE e B o $34%

- 162 - China  Safety Science Journal 20244

70U Shenghua, LI Kongqing, ZHANG Dengchun, et al. On the air-partition for cooling with the heat insulated plate[ J].
Journal of Safety and Environment, 2016, 16(2) . 99-102.

[10] KR StEBEESIHROREEZREBRRENIEHFRLD]. RN, PEI WK, 2013.
ZHANG Yuan. Transient temperature field of surrounding rock of the high geothermal roadway and its heat control
mechanism by heat insulation[ DJ. Xuzhou: China University of Mining and Technology, 2013.

(1] BRBEM, BRRR, fPIRHE, T RHBEXNRMRSESEMNES LR RXAHARI]. TBU W, 2017(4):
169-176.
CHEN Qinglin, CHEN Qingfa, ZHONG Qiongying, et al. Matching relationship of surrounding rock heat-adjusting layer
and airflow property in deep mine[ J]. Metal Mine, 2017(4) . 169-176.

(12] KER, BES, SfF70, F SRV HLIFEASREHEMARERSENIWI]. PEY W, 2016, 25(12):
159-164.
ZHU Guolong,ZHOU Peng, GONG Weili, et al. Numerical simulation research on deep mine work face heat hazards
control and cooling system optimizing[] J. China Mining Magazine, 2016, 25(12) . 159-164.

(13] e, B, T2 SEBERABRME LNWRASIPSHFE)]. RBLRSENR, 2019, 47(5):
179-185.
ZHANG Shuguang, CHANG Jian, WANG Hongwei. Characteristics of heat-adjusting ring and the influence of thermal
insulation support structure in high-temperature roadway[ J]. Coal Geology & Exploration, 2019, 47(5). 179-185.

(14] A&k, B, BN, F BERRAEY T REREZOMOEEERARL)]. HENFS TSR, 2016,
13(3) . 538-543.
HE Falong, WEI Yaxing, HU Hanhua, et al. Numerical simulation research on radius and temperature field of roadway
heat adjusting layer[ J]. Journal of Railway Science and Engineering, 2016, 13(3). 538-543.

[15] ZRffk SHESEERREAWIESVLIARLD]. HRIN: PEIIAS, 2019.
WU Dong. Experimental study on spraying insulation mechanism of high ground temperature roadway[ DJ. Xuzhou: China
University of Mining and Technology, 2019.

[16] T7X, B, BiRE, & SWERERNESZEMGERTRNA  EBRENPIL)]. RERARSTIE, 2023,
23(9) . 4 004-4 010.
QI Bing, YANG Song, CAO Zhensheng, et al. Optimization design and application of high temperature tunnel thermal
insulation layer scheme ; taking the Nige tunnel as an example[ J]. Science Technology and Engineering, 2023, 23(9) .
4 004-4010.

[17] KRR, &=, TRE, F. FHHSERENMDREMERMARLI]. PELZERZFR, 2020, 30(1) :
21-26.
ZHANG Xiaoming, HUANG Liang, WANG Yongjun, et al. Numerical simulation of airflow temperature and humidity for
partly wet roadway model[] 7J. China Safety Science Journal, 2020, 30(1). 21-26.

(18] 5K, EXME, XMTE, & FAARAEMATHRAHABSERALEEMARI]. PELZERNZFIR, 2024,
34(2). 153-160.
YOU Bo, CUI Daxiong, LIU Heqing, et al. Simulation study on heat insulation and cooling of deep shaft tunnel with
different heat insulation materials[ J]. China Safety Science Journal, 2024, 34(2). 153-160.

(19] RFR¥E, B, B8R, 5 SRV HEIRABEESRERDMMEMRLI]. BRRZEAR, 2017,

45(12) . 107-113.
SONG Dongping, ZHOU Xihua, BAI Gang, et al. Study on temperature field distribution law of surrounding rock in
active thermal insulated roadway of high temperature mine[ J]. Coal Science and Technology, 2017, 45(12) . 107-113.

RERMN: EXE (199—) .5, sriRE A AR5, (R o R E DR
E-mail ; 2110949717@ qq. com,





