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Research on smoke entrainment rate of urban highway
tunnel near the fire source area

ZHANG Xuanxuan, NIU Guoging. LI Yuanzhi
(School of Safety Science and Engineering s Henan Polytechnic University s Jiaozuo454000, China)

Abstract: The mass entrainment rate is a key factor that can not be ignored when preventing and
controlling flue gas. The full-scale urban highway tunnel was taken as the research object, and
dimensionless analysis and numerical simulation methods were used to investigate the influence of fire
power, effective ceiling height, fire source lateral position and tunnel width on the mass entrainment rate
of flue gas. Through the analysis of the suitability of the rolling suction model proposed by previous
researchers and the variation of the entrainment rate under the 20 simulation conditions, the results show
that for the large and small power sources with different entrainment mechanisms, the entrainment models
proposed by predecessors at the stage II and III have certain limitations. The mass entrainment rate in the
near-field area of the fire source was measured by the hood method. And the mass flow rate of the stage II and

111 sections was calculated by the discretization method with the accuracy of the results being improved. Based
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on the dimensional analysis method, the dimensionless smoke entrainment model was constructed, which is

associated with the key factors, such as the fire power, the tunnel width, the fire source position, and the

effective ceiling height. And the quantitative relation formulas of gas mass entrainment rate in stage II and III

were obtained by numerical simulation and data fitting.

Key words: highway tunnel; numerical simulation; dimension analysis; mass entrainment rate
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Tab.1 Working conditions and parameters of the full size model

TH Q/kW B ] 5E/m MR /m b/m TR B/ m
1 3.57 7.5X1.5X0.6 0.1x0.1 2.5 [0. 755 25 5]
2 646 60X12X4.8 0.8>0.8 12 (65 165 40]

3 800 80X 125, 28 LOXLO0 30 65 11; 21]
4 2000 80X 125, 28 LOXLO 30 [6; 11; 21]
5 8000 80X 12X 5. 28 LO0XL0 30 (65 155 25]
6 10000 80X 12X5. 28 1.0X1.0 30 [65 16.5; 26.5]
7 12000 80X 125, 28 L.0X1.0 30 (65 18.65 28.6]
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Fig.3 Contrast diagram of dimensionless mass flow rate and entrainment rate under small fire power
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Fig. 4 Contrast diagram of dimensionless mass flow rate and entrainment rate under large fire power
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Fig. 6 Height distribution curves of flue gas layer
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the cross section when the fire source is attached to the wall
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Tab. 2 Simulated working condition parameters and calculation of dimensionless array in radial diffusion zone

Hul s KR Hi/m A;/m* w/m [/m d/m h/m Q° A Ay” d”
/MW
1 6 5.28 72.00 12 12. 50 6. 00 1. 16 0.09 0.78 2. 58 0. 50
2 8 5. 28 72.00 12 15. 00 6. 00 1. 24 0.11 0.77 2.58 0. 50
Gl 3 10 5. 28 72.00 12 16. 50 6. 00 1. 25 0. 14 0.76 2.58 0. 50
4 12 5. 28 72.00 12 18. 50 6. 00 1. 27 0.17 0.76 2. 58 0. 50
5 14 5. 28 72.00 12 19. 50 6. 00 1. 31 0. 20 0.75 2. 98 0. 50
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gk
Hul e KR Hy/m Ay/m’ w/m I/m d/m h/m Q° z Ay d’
/MW
6 10 4.78 72.00 12 19. 50 6. 00 1. 20 0.18 0.75 3. 15 0. 50
7 10 4. 28 72.00 12 21. 00 6. 00 1. 09 0. 24 0.75 3.93 0. 50
G2 8 10 3.78 72.00 12 23.50 6. 00 1.07 0. 33 0.72 5. 04 0. 50
9 10 3.28 72.00 12 25. 00 6. 00 0.99 0. 47 0.70 6. 69 0. 50
10 10 2.78 72.00 12 27.00 6. 00 0. 96 0.70 0. 65 9.32 0. 50
11 10 5.28 96. 00 12 19. 50 4. 00 1. 35 0. 14 0.74 3.44 0. 33
12 10 5.28 108.00 12 21.50 3. 00 1.31 0. 14 0.75 3. 87 0. 25
G3 13 10 5.28 120.00 12 26. 00 2. 00 1. 26 0. 14 0.76 4. 30 0.17
14 10 5.28 132.00 12 27.00 1. 00 1. 24 0. 14 0.77 4.73 0. 08
15 10 5.28 138.00 12 28.50  0.50 1. 14 0.14 0.78 4.95 0. 04
16 10 5.28 50. 00 10 16. 50 5. 00 1. 36 0. 14 0.74 1.79 0. 50
17 10 5. 28 72.00 12 16. 50 6. 00 1. 25 0. 14 0.76 2.58 0. 50
G4 18 10 5.28 84. 50 13 16. 50 6. 50 1.17 0. 14 0.78 3.03 0. 50
19 10 5.28 98. 00 14 16. 50 7. 00 1. 08 0. 14 0. 80 3.52 0. 50
20 10 5.28 112.50 15 16. 50 7.50 0. 98 0.14 0. 81 4. 04 0. 50
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Tab.3 Simulated working condition parameters and calculation of dimensionless array in transition region

“ul e KU Hs/m A;/m* w/m I/m d/m h/m Q" A Ay” d”

1 6 5. 28 78. 00 12 12. 50 6 1. 29 0.09 0.76 2. 80 0. 50

2 8 5.28 108.00 12 15. 00 6 1.32 0.11 0.75 3. 87 0. 50

Gl 3 10 5.28 126.00 12 16. 50 6 1. 33 0. 14 0.75 4.52 0. 50

4 12 5.28  150. 00 12 18. 50 6 1. 45 0.17 0.73 5. 38 0. 50

5 14 5.28 162.00 12 19. 50 6 1. 58 0. 20 0.70 5. 81 0. 50
- 6 10 478 16200 12 1950 6 L4z 0.18 0.70 T.09 0.50

7 10 4,28 180.00 12 21. 00 6 1. 38 0. 24 0. 68 9. 83 0. 50

G2 8 10 3.78 210.00 12 23.50 6 1. 36 0.33 0. 64 14. 70 0. 50

9 10 3.28 228.00 12 25. 00 6 1. 27 0. 47 0.61 21.19 0.50

10 10 2.78  252.00 12 27.00 6 1. 24 0.70 0.55 32.61 0. 50
11 10 528 13800 12 1050 4 L49 014  0.72 495 0.33

12 10 5.28 150.00 12 21. 50 3 1. 40 0. 14 0.73 5. 38 0.25

G3 13 10 5.28 192.00 12 26. 00 2 1. 40 0. 14 0.73 6. 89 0.17

14 10 5.28 192.00 12 27.00 1 1. 36 0.14 0. 74 6. 89 0. 08

15 10 5.28  204.00 12 28.50 0.5 1. 31 0. 14 0.75 7.32 0. 04
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Ml W Hy/m A,/m* w/m d/m h,/m Q" z A" d”
MW
16 10 5.28 115.00 10 16. 50 5 1. 36 0.14 0.74 4,13 0. 50
17 10 5.28 126.00 12 16. 50 6 1. 33 0.14 0.75 4,52 0. 50
G4 18 10 5.28 130.00 13 16. 50 6.5 1. 31 0.14 0.75 4. 66 0. 50
19 10 5.28 133.00 14 16. 50 7 1.29 0.14 0.76 4,77 0. 50
20 10 5.28 135.00 15 16. 50 7.5 1. 26 0.14 0.76 4. 84 0. 50
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Fig. 11 Effect of fire power on smoke

mass flow rate and entrainment rate
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mass flow rate and entrainment rate
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Tab. 4 Calculation results of mass flow rate on cross section and entrainment rate of each stage

éﬂ%ﬂ gﬁ% m 1 m 2

1 14. 668 19. 099 20. 547 0. 04886 0. 00601

2 16. 810 21. 498 24. 240 0. 05438 0.01138

G1 3 18.952 23.995 27.453 0. 06030 0.01436

4 20. 859 26. 234 30. 039 0. 06564 0. 01580

5 22. 500 28. 479 32.525 0.07156 0. 01680
""""""""""""" 6 168  21.87 26287 00713 002386

7 15. 002 21. 321 26.172 0. 09703 0. 03406

G2 8 12. 744 20. 246 25.275 0. 13288 0. 04817

9 10. 769 19.171 24. 378 0. 18826 0.07110

10 8. 559 18. 448 23.924 0. 29255 0. 11306
""""""""""""" 1 18482 2040 27518 0.06296 001205

12 18. 670 24. 487 27.562 0. 06293 0.01277

G3 13 18.905 23. 541 26.020 0. 05851 0. 01030

14 14. 665 22. 856 25. 290 0. 06448 0.01011

15 11. 371 20. 578 23. 958 0. 06185 0. 01404
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Fig. 18 Fitting curve of entrainment rate in the radial diffusion zone
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