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Research on Spatiotemporal Coupling Characteristics of the Wind Temperature Field in
Dynamic Roadways Based on the Gauss-Newton Method
Zhao Xufeng', Zhou Jiale®
(1.Department of Resources and Safety Engineering, Shanxi Engineering Vocational College, Taiyuan, Shanxi 030009, China;
2.Wanli No.1 Coal Mine, China Energy Baotou Energy Co., Ltd., Ordos, Inner Mongolia 017000, China)

Abstract: To address the challenge of the unclear spatiotemporal coupling mechanism of the wind temperature field in dynamic
excavation roadways during the thermal hazard control of deep high-temperature mines, a three-dimensional unsteady heat
transfer model of the dynamic excavation process was constructed. A dimensionless time F,, characterizing the excavation speed
and the traditional dimensionless distance X were introduced to establish a spatiotemporal binary relationship ® (F,,, X) for
the temperature field. The spatiotemporal coupling relationship of the dimensionless temperature in the excavation roadway was
obtained through iterative inversion based on the Gauss-Newton method, further revealing the nonlinear mechanism of the
effect of inlet air temperature on thermal hazard regulation. The results show that the evolution of the dimensionless
temperature over time and space follows an exponential-quadratic time-varying relationship (Mean Relative Error MRE =
1.1%). The temperature gradient is positively correlated with distance and negatively correlated with time. The initial cooling
effect of low-temperature air supply is significant, but after long-term ventilation, the air flow and surrounding rock gradually
approach thermal equilibrium, and the cooling efficiency attenuates by 26.3%. Thermal hazard control projects should integrate
surrounding rock thermal management with localized cooling to improve cooling sustainability. A reduction in the inlet air
temperature intensifies the nonlinear variation characteristics of the air temperature, increasing the MRE of the dimensionless
temperature spatiotemporal coupling model from 1.10% (30 °C) to 1.81% (20 “C), while still meeting engineering accuracy
requirements, The air temperature response in the area near the heading face is the most sensitive. When the inlet air
temperature rises from 20 ‘C to 30 ‘C, the total temperature rise near the heading face area is 42.1% higher than that in the
roadway exit area. Taking a heading face air temperature threshold of 26 ‘C as the constraint, a dynamically designed inlet air
temperature T4 () that meets the cooling requirements was derived.
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Fig.1 Three-dimensional dynamic wind temperature field

model and mesh division of high-temperature roadway
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Table 1 Parameters of dynamic excavation roadway model
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Fig.2 Layout of on-site measuring point and

comparison of wind temperature results
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Table 2 Parameter values for dimensionless temperature

and dimensionless time equations
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Fig.3 The relationship curves between parameters

A, A,, A; and dimensionless distance
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Fig.4 The relationship curves between dimensionless
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Fig.6 Space-time coupling relationship of dimensionless

temperature and its convergence

Ry HE— 25 43 B i A2 S TG A AN I R A B AR A
TIE o o s 2 5 B R o 0 ot 4 5 M RS AL 4 SR R AT
XTEC L anlE 7 B pR 7 R] AR R N 46 SR Y 4
TEHh 2 5 AU I 25 A8 A R AR R A — 3, s i RUJE
A AAE SR 5 S DXl A I R 2 AE X AL .
7 (b) AT AT, B A A5 1 S0 45 SR A a5 25 Bl IR B X
BRI /N, Y X = 0.8 G i 3k X 30 BF MRE =
1.49%,% X = 0.2 GE 8 0 X)) if MRE =
0.93% ., 3% J A 4 18 3 3k b KU AR S B 2% HX
5 A AR RS AT I 2L, 7 () T AL,

At 0] RUBE b, 0 37 A 00 4 5 A 750 00000 2% SR 1) 1 22 A
WK (Y F,, =0.2 B, MAE =0.002 7, MRE =
1.54 %) B3 1 e 309 A% 25 A 900 0 B R L 2
F,.=1.0 if,MAE =0.000 1, MRE =0.36% , X {£
B 7(b) hRMA F, 8 /NEHRRAE 26 5 B 4EUE 2 1)
P 2255 0 8 3, 2 B0 B T 9 2R A 300 XU S LA
ARG, ARSI H i AR B,

0.34
0.32
030 -
028}
0.26 |
0.24
0.22
020 =
0.18}

“F,=02 + F,=0.4
+F,=06 +F,=03
< Fy=1.0

TEENBE (O)

‘0 (F,, X) = (-0.000 002¢7%-0.08) +
. > Fi (-0.086e7404%40.32) Fov+
0.16 - - 0.21e°11%-0.05

0.14 L L L 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0
TERMERE (X)

(a) FEEAIE B 21 RN t

0.32 = X=0.2 * X=0.4 » X=0.6 + X=08]

0.30 F © (Fu, X) = (-0.000 002¢7%-0.08)
Fi+ (-0.086e-%40.32 ) Fou+
0.21e11%-0.05

0.28
0.26
0.24
0.22
0.20 -

TEENBE (0)

0.18
0.16f * T W
0.2 04 0.6 0.8 1.0
TERMEE (F,)
(b) Foi& 4R i B i) RE X 1

B7 BB EHESEMERILL

Fig.7 Comparison of space-time coupling

characteristic curves and simulation results
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Table 3 Parameter inversion results and fitting parameters at different inlet air temperatures
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Fig.11 Space-time coupling relationship of dimensionless

temperature at different inlet air temperatures
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