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Conjugate heat-transfer characteristics of impinging jet for hot air
heating asphalt pavement
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Abstract: To improve the heating effect of hot air heating on asphalt pavement during hot in-place recycling
(HIR) , the hot-air impinging jet convective heat transfer and the heat conduction were regarded as conjugate heat-
transfer process, and a theoretical model of conjugate heat-transfer for impinging jet for hot air heating asphalt
pavement was established. Based on the finite volume method, the general discrete equation of conjugate heat-
transfer model was presented. The temperature field distribution in the whole solution domain was obtained by using
the pressure/velocity coupled semi-implicit algorithm ( SIMPLE). The average heat flux and average heat-transfer
coefficient were selected to reflect the heating effect on the asphalt pavement. The influence degree of hot-air outlet
velocity and hot-air outlet temperature on heating effect was studied by orthogonal experiments. The simulation and
experimental results show that there is a high degree of agreement between the theoretical calculation and the
experiment temperature distribution, with an average error of 8. 4% . Both average heat flux and average heat-
transfer coefficient decrease sharply from the maximum value at the beginning of heating, and then gradually
decrease to equilibrium. The simulation and the experiment of both average heat flux and average heat-transfer
coefficient have the same trend, and the average errors are 6.4% and 7. 8% , respectively. Both the velocity and
the temperature of hot-air outlet have a significant effect on the average heat flux, while the hot-air outlet velocity
has a significant effect on the average heat-transfer coefficient. However, the influence of hot-air outlet temperature
on the average heat-transfer coefficient is relatively insignificant compared to the average heat flux. The research
results provide a theoretical basis for temperature control and the design of hot-air heating equipment during HIR.
Keywords: hot in-place recycling; impinging jet; hot-air outlet velocity; hot-air outlet temperature; average heat

flux; average heat-transfer coefficient
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Fig.1 Schematic diagram of asphalt pavement heated by hot air
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Fig.2  Grid division diagram of finite volume method
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Tab.5 Numerical calculation and experimental measurement results

SRR BETH SR SIS 45 5
st g PR DU/ . IR/ POREL S EY v P e/ A R
’ S R/ - . - .

(mes™") (Wem~%) (W+(m*+K) ") (Wem~%) (W+(m*+K) ")
1 6 400 9 480. 81 143.63 9 496.99 133.74
2 6 450 10 635.61 142.02 10 863. 48 135.98
3 6 500 13 085.49 155.80 12 141.01 136.43
4 8 400 10 684.53 177.54 9 992.87 153.31
5 8 450 11 598.03 179.01 11 559.00 165.63
6 8 500 12 419.37 163.05 12 767.30 157.29
7 10 400 11 133.53 215.45 10 763. 66 189.92
8 10 450 13 163.01 227.44 12 151.07 193.26
9 10 500 13 604.71 208.13 13 540. 54 192.43




55 4 10 AT, A5 AU AR T % T ook S AL SRR I - 155 -
1o — 500 °CSL KK _ 800 —— 500 °C: B KL I
% 9 —v— 450 °CSEI IR o E —v— 450 °CL K
s sf —o— 400 °C 525 K 3 %500 —e— 400 °CEZ I K3
2 78 —+— 500 CHE 5 ) i —+— 500 CHUE 5
S e —a— 450 CHUE & > 4004 —— 450 °CHUEHE
sl —=— 400 "CHUE 5 < A —=— 400 °CHUfE 5%
B4 ﬁ 300}
Z 3 £
fﬁ; N & 200}
H— 1F - § L Ea =S = ww .-
ool T
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Jin st 18] /min Jin st 18] /min
(a) R CEE N6 m/s
1 —— 500 °CI 4 K4 _ 600 —— 500 °CIL L K Hi
T 0 v 450 °CH I B I i —v— 450 °CHL I K Hfa
y 8 e 400 °CEZIE I ¥ 500 —o— 400 °CEI K
g 7 —+— 500 *CHUH 5 £ —+— 500 CHUE -5
S ok —a 450 °CHUEH S 4001 —a— 450 “CH{EITH
B s —=— 400 °CHfE 5 - | —=— 400 °CH{H 5
ﬁ 4% fé 300t
Z 3 % I
w2 S PSS | 200 TNtgeseagaaaa .
H_ 1» i = S S === ﬂ L
1 1 1 1 L L L L I y H_ 00 1 1 1 1 L L L L L ;
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
SN 18] /min Jin# i (8] /min
(b) HURH 3 A8 m/s
1oy — 500 °CSL I Ko _ 600y — 500 °CI L K3
4 9r —v— 450 °CSL 3 H b = —v— 450 °CSZ L6 B
o —e— 400 °CEZ I K37 M 500 g —o— 400 °CEZH B4
< —+— 500 °CHfE it 5 g —+— 500 CH{E 5L
S 6 —— 450 CHUE = 400} —— 450 °CHUE &
® s —=— 400 CHUE 5 < . —=— 400 “CHUfE I
48 ﬁ 300}
£ 3 £ | s
% ol & 2000 0 IR Gegreartee
B 1t A
ool
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Jn A 3] /min Jn R 8] /min
(c) FRH T 910 m/s
E 12 FHARZEFRBRMT i
Fig. 12 Change curve of average heat flux and heat-transfer coefficient
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