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Abstract 11 

The blast furnace casthouse is a typical heavy-polluting factory building of a steel 12 

enterprise. During the tapping process and the taphole opening, the dust concentration 13 

in the factory building's workroom can reach tens of thousands mg/m³. Over time, the 14 

air pollutants in the workplace can have unwanted consequences on employees' health. 15 

This paper selected a typical blast furnace tapping workshop and measured on-site the 16 

characteristics of the wind speed distribution, temperature distribution, and soot 17 

concentration distribution during the taping period. A numerical simulation model was 18 

established to analyze the taphole smoke exhaust system's performance based on 19 

computational fluid dynamics. The findings are: the velocity, temperature, and smoke 20 

density distributions in the workplace were very uneven, and the thermal comfort of the 21 

workers' area was relatively poor. Also, the concentration of PM2.5 was mostly below 22 

80μg/m³. Besides, due to the plant's on-site measurement, real data was obtained for 23 

numerical simulation verification, making the evaluation of the entire plant's ventilation 24 

performance more reliable. Hence, this article's finding provides a scientific basis for 25 

optimizing the air distribution in the blast furnace cast house's workplace. 26 

Key words: Blast furnace cast house; dust; concentration distribution; field test; 27 

numerical simulation; Industrial ventilation. 28 

1 Introduction 29 

China is now the top steel producer globally (Tang et al,2020). The iron and steel 30 

industry is a major air pollutant emitter and has become China's largest industrial PM 31 

emission source (Wang et al,2019). In order to deal with air pollution, iron and steel 32 

companies must improve flue gas management. Besides, the steel plant is a high 33 

temperature and dusty plant, and steelworkers are particularly prone to occupational 34 

health problems. Biswas et al. (2014) found that 91.66% of 213 workers may have 35 

bronchial asthma and 88.75% of chronic bronchitis after long-term exposure. Excessive 36 

heat exposure causes workers to experience sweating, thirst, insomnia, fatigue, and 37 

muscle discomfort (Krishnamurthy et al,2017; Fahed et al,2018). Therefore, it is 38 

significant to improve the smoke and dust control and the plant's ventilation and heat 39 



 

2 

 

exchange efficiency. 40 

In response to the above problems, the ventilation of industrial plants is generally 41 

used to eliminate various gas and dust pollutants generated during the production 42 

process; to ensure that workers are in a healthy production environment (Li et al,2016), 43 

and a sound airflow organization system is instituted to reduce fugitive emissions of 44 

smoke and dust. Since the development of computational fluid dynamics, numerical 45 

simulation has gradually become one way to study airflow organization in industrial 46 

plants. Zhang et al. (2017) research shows that CFD can be effective for the verification 47 

of ventilation design schemes, and field measurements are more realistic and 48 

representative for the acquisition of model boundary conditions. Wang et al. (2013) 49 

used CFD to study the key to high-temperature dust control in steel plants and gave an 50 

optimal design approach for engineering verification. Xue et al. (2011) used the CFD 51 

method to perform a numerical simulation of natural ventilation in a workshop with 52 

solar chimneys; it was verified that the model is reliable by comparing it with 53 

experimental data in other kinds of literature. Similarly, Su et al. (2011) used 54 

computational fluid dynamics (CFD) to simulate the natural ventilation in the steel 55 

company workshop numerically. They verified the numerical results with experimental 56 

data from other documents to improve the workshop's airflow organization based on 57 

numerical calculations. Likewise, Ma et al. (2015) utilized Fluent in the process of 58 

tapping in a workshop with a ferroalloy furnace, the software obtains the concentration 59 

distribution and residence time of the particles through simulations under different wind 60 

directions and wind speeds; the study also used the experimental data of others for 61 

verification. Wang et al. (2021) established a two-phase flow model in the iron yard 62 

plant using a numerical simulation method for the diffusion and capture process of high-63 

temperature smoke and dust through CFD, and explored the critical factors of particle 64 

capture in the iron yard. In related literature, Based on the orthogonal experiment and 65 

CFD method, Yang et al. (2015) obtained the best solution by comparing and analyzing 66 

the airflow distribution of steel workshops with different window structures. Cao et al. 67 

(2020) proposed the MVV ventilation system, and based on CFD simulation to verify 68 

the ventilation effect of this method in industrial plants with large aspect ratio and high 69 

pollution emission. Moreover, Chen et al. (2020) used computational fluid dynamics 70 

and building energy simulation (BES) to compare the energy consumption of 71 

displacement ventilation systems, hybrid ventilation systems and existing ventilation 72 

systems in factories. In another study, in his research on the performance of underfloor 73 

air supply displacement ventilation, Lau et al. (2006) conducted experiments in a full-74 

scale environment and obtained more realistic data, which verified the correctness of 75 

the CFD method. Wiriyasart et al. (2019) used computational fluid dynamics (CFD) 76 

analysis and field tests to study indoor air quality and heat distribution in a workshop 77 

with multiple heat sources, the results showed the expected temperature and wind speed 78 

in the workshop was consistent with the experimental results. Moreover, a related study 79 

by Zhang et al. (2016) developed a method that combines computational fluid dynamics 80 

(CFD) simulation with field measurements. Interestingly, all these studies' analyses 81 
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proved that CFD could better simulate the flow field and particulate matter distribution 82 

in industrial plants. Field tests can provide more reliable data to verify the CFD model 83 

and provide help for ventilation performance research. However, despite this much 84 

research on industrial plants' airflow organization, there is still a vacuum in the field 85 

test and numerical simulation of real iron casting plants. 86 

As a means of minimizing this vacuity, the article takes a blast furnace tapping place. 87 

It conducts field tests on the ventilation wind speed and wall temperature of the 88 

workshop's doors and windows, as well as the velocity field, temperature field and 89 

particle concentration field in the workshop, and obtain the distribution data and 90 

boundaries condition data during the tapping period. The paper established the 91 

computational fluid dynamics simulation model including the flow, temperature 92 

distribution, and particle propagation models to analyze the workshop's existing 93 

ventilation system's performance. The simulation analysis was done using the test 94 

boundary data, and the test data verified the model. The analysis reveals the iron 95 

removal workshop rules and provides a scientific basis for improving the ventilation 96 

system. 97 

2 Field Measurements  98 

2.1 The cast house state  99 

This paper's research object is a blast furnace tapping house of a steel plant in Hubei, 100 

whose crude steel production capacity is about 4 million tons/year. There are two 101 

2600m3 medium-sized blast furnaces in the iron and steel plant. In this paper, the 102 

tapping platform of blast furnace No. 1 is selected as the primary research object. No. 103 

1 casting yard workshop is 85m long, 63m wide, 25m high, and covers about 5355m2. 104 

The specific content is shown in Figure 1. The plant's primary ventilation method is 105 

natural ventilation; air enters the plant from the bottom door windows and is naturally 106 

discharged from the top skylight. A small number of dust hoods are arranged near the 107 

dust production point for mechanical ventilation and dust removal. Furthermore, the 108 

blast furnace tapping yard is equipped with three taps. These three taps worked 109 

continuously during regular operation, with an average tapping time of 2hrs daily.      110 

The plant's main dust-producing points are tapholes, iron ditch, skimmer, slag ditch, 111 

mobile swing nozzle. Aiming at these smoke and dust emission points, a dust hood is 112 

arranged above each tap hole for mechanical ventilation to collect a large amount of 113 

smokes and dust emitted from the tap hole and the front iron trough; surfaces of the 114 

trough platform are all covered and flattened. The iron ditch and the slag ditch are 115 

covered with iron plates to prevent the diffusion of particulate matter into the workshop. 116 

The skimmer's side suction hood and the dust removal hood of the swing nozzle are 117 

arranged under the platform to capture a large amount of smoke and dust generated 118 

during molten iron flow. This paper focuses mainly on the ventilation and dust removal 119 

above the platform of the iron casting plant. The skimmer's side suction hood and the 120 

swing nozzle's dust removal hood under the platform are not in the research scope. 121 
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 122 

(a) Interior view of the workshop 123 

 124 

(b) 3D model of the workshop 125 

Fig.1 Layout and main features of the iron workshop 126 

Note: 1～8, Westside window; 9～10, Westside small door; 11, Westside Slag ditch door upper 127 

side; 12, Westside Slag ditch door; 13～15, Northside window; 16, Northside small door; 17, 128 

Northside main entrance; 18～19, Hollow; 20～28, Eastside window; 29, Eastside small door; 129 

30, Eastside Slag ditch door upper side; 31, Eastside Slag ditch door; 32～33, Room.  130 

A, 2#Iron trench with cover; B, 2# and 1#Slag ditch; C, 1#Iron trench with cover; D, 2#Iron 131 

ditch; E, 1#Iron ditch; F, 3#Iron ditch; G, 3#Iron trench with cover; H, 3#Iron ditch; I, 2# Dust 132 

removal pipeline; J, 2#Iron trench dust hood; K, 2#Skimmer arched dust hood; L, 1# and 3# 133 

Iron trench dust hood; M, 1# and 3# Dust removal pipeline; N, 1# and 3#Skimmer arched dust 134 

hood; O, Hot pipeline; P, Blast furnace.  135 



 

5 

 

2.2 Measurement methods and devices  136 

2.2.1 Measurement methods 137 

The Field measurement of this study has two purposes: 1. to provide boundary 138 

conditions for numerical simulation, and 2. to analyze the distribution of particle field, 139 

temperature field, and flow field within the workshop based on the measurement results, 140 

and to determine the reliability of the model method through comparison with the 141 

simulation results. 142 

For the measurement of boundary conditions, the researchers used a hand-held 143 

portable thermometer and anemometer to measure the air's temperature and wind speed 144 

inlet doors and windows. They used an infrared thermometer to measure each wall's 145 

temperature and the blast furnace surface, dust hood surface, pipe surface, and other 146 

places in the workshop. 147 

For the distribution measurement of the particle field, temperature field, and flow 148 

field in the workshop, four typical cross-sections are selected as shown in Figure 2.; 149 

During the field measurement, the 2# taphole was tapping, so two cross-sections were 150 

selected near the 2# taphole, which is situated on the iron ditch and the dust hood 151 

sections. This is to study the impact of the tapping hole on the plant Influence of internal 152 

temperature and particle concentration. The third cross-section is located above the iron 153 

plate of the slag ditch on the west side and passes through the center of the blast furnace. 154 

Moreover, the fourth cross-section passes through the iron dividing ditch corresponding 155 

to the 1# and 3# tapholes. These four cross-sections have significant characteristics that 156 

symbolized the particle field's distribution, temperature field, and flow field of the 157 

entire plant. 158 

Considering the difficulty of measurement and the operator's breathing belt's height, 159 

the measurement points are located 1.5m above the cast iron platform's ground, 160 

selecting 7 points for the first, second, and third lines, respectively. Measurement points 161 

were unevenly distributed due to items stacked at the workshop's open space and other 162 

environmental complexities. During the measurement, the 3# taphole was under 163 

maintenance, so the fourth section only selected four points at the western side. The 164 

temperature, wind speed, and particle concentration were measured at each 165 

measurement point. Data obtained were used to study the distribution of various 166 

physical quantities in the factory building and compare with the simulation results to 167 

determine the model's reliability. 168 
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 169 
Fig.2 Schematic diagram of the site measurement location 170 

2.2.2 Measurement instrument 171 

Most of the instruments used in field measurement are portable, hand-held 172 

instruments. The testo605i wireless temperature and humidity measuring instrument 173 

were used the temperature measurement of the air; the testo835-T2 high-temperature 174 

infrared thermometer and the testo865 infrared thermal imager were used the 175 

temperature measurement of the walls and the surface of the equipment in the workshop. 176 

The wind speed is measured using the testo405i wireless mini hot-wire anemometer, 177 

and the TSI 8534 inhalable particle analyzer is used to determine the particle 178 

concentration in the factory. The rangefinder is used to determine the location of the 179 

measuring point. The measurement range, accuracy, measurement technology, and 180 

specific implementation standards of each instrument are shown in Table 1. 181 

  182 
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Table 1 Measuring instrument parameters 183 

Instrument Measuring range Accuracy 
Measuring 

technology 

Executive 

standard 

testo605iWireless 

mini temperature 

and humidity 
measuring 

instrument 

The temperature 

measurement 

range: -20～+60℃. 

The humidity 
measurement 

range :0～100% 

RH 

[±0.8℃ (-20～

0℃), ±0.5℃ (0～
+60 ℃)]; 

[5～80% RH: ± 

(1.8% RH + 3% 

Measurements) at 

+25 ℃] 

NTC (Negative 

temperature 
coefficient) 

Thermistor 

capacitive 
humidity sensor 

ISO 
9001:2008 

ISO/IEC 

17025:2005 

testo405iWireless 

mini hotline 

anemometer 
0～30m/s 

±0.5℃±(0.1m/s + 
5 % Measurements) 

(0～2 m/s)±(0.3m/s 

+ 5% 

Measurements) 

(2～15 m/s) 

NTC Negative 

temperature 

coefficient) 

thermistor hot 
wire 

ISO 

9001:2008 

ISO/IEC 

17025:2005 

testo835-T2 High 

temperature 

infrared 

thermometer 

-10℃～+1500℃ 

 

±2.0℃ or ±1% 

Measurements 

TypeK (NiCr-Ni) 

Infrared 

temperature 
measurement 

 

ISO 

9001:2008 

ISO/IEC 
17025:2005 

 

testo865 Thermal 

imaging camera 
-20～+280℃ 

 

Thermal sensitivity

＜0.12℃ 

Infrared image 

output 

EMC:2014/30/

EU 

TSI8534 

Inhalable 
particulate matter 

analyzer 

0.001～150mg/m3 ±5% 

Light scattering 

laser photometer 

and optical 

particle counter 
(OPC) 

ISO 12103-A1 

UNI-T Unitech 

120m rangefinder 
0～120m ±2mm Laser Ranging 

GB/T 14267-

2009 

 184 

3 CFD model 185 

3.1 Flow model 186 

In engineering, the Reynolds time-average equation after time-averaging the control 187 

equation is often used to study the airflow, and the turbulence model is introduced to 188 

deal with the turbulent motion of the airflow (Wang et al,2015). 189 

𝜕(𝜌∅)𝜕𝑡 = 𝑑𝑖𝑣(𝜌∅�⃗� ) = 𝑑𝑖𝑣(Γgrad∅) + 𝑆            (1) 190 

Where ∅ is a general variable, which can represent solution variables such as u, v, 191 

w, T; Γ is the generalized diffusion coefficient; S is the generalized source phase. 192 

The two-equation model is widely used in engineering, including the standard k-ε 193 

model, RNG k-ε model, and Realizable k-ε model. Among them, the Realizable k-ε 194 
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model can better simulate rotating uniform shear flow; unbounded shear flow, including 195 

mixed layer, plane, and circular jet; channel flow and flat plate boundary layer with and 196 

without pressure gradient; separation Flow is a significant improvement of the standard 197 

k-ε model (Shih et al, 1995). The realizable k-ε model consumes computer resources 198 

between the two types. Liu YL (2015) comparatively studied three models, showing 199 

that the Realizable k-ε model has the best simulation results in tall industrial plants 200 

under the action of heat pressure. Also, Huang et al. (2019) demonstrated that the 201 

Realizable k-ε turbulence model is suitable for high-temperature buoyant jets. After 202 

analysis, the paper adopted the Realizable k-ε model to reflect better the flow state of 203 

the blast furnace's flow field. Due to the extensive temperature range designed in this 204 

paper, the airflow is subject to the buoyancy caused by the large density difference, 205 

necessitating selecting the Full Buoyancy Effects option. 206 

Moreover, since high-temperature objects are up to 1200°C in the simulated plant, 207 

there is a large temperature difference, so the density is mainly a temperature function. 208 

Therefore, an incompressible ideal gas density processing method is used (Zhou et 209 

al,2019). Considering the influence of radiation on the industrial thermal environment 210 

(Wang et al,2014), the DO radiation model is adopted. 211 

This paper also adopts the SIMPLE algorithm based on pressure, considering the 212 

energy equation and gravity. The direction of gravity is the Z axis's Positive direction, 213 

and the acceleration of gravity is -9.81m/s2. Thus adopting the body force weighted 214 

pressure interpolation format, which is mainly suitable for volume force flow. For the 215 

accuracy of calculation, the momentum equation, energy equation adopt the second-216 

order upwind discrete format. 217 

3.2 Particle dynamic model 218 

Liu et al. (2006) found that the iron casting yard's indoor air particulate matter 219 

accounts for 91.4% of PM10, and PM2.5 accounts for 25.5%. Similarly, Liu et al. (2015) 220 

found that the main component of PM10 discharged into the atmosphere during 221 

ironmaking is PM2.5. Therefore, this article focuses on the particulate matter with a 222 

diameter of 2.5 microns.  223 

The dust-bearing airflow in the iron casting yard is composed of high-temperature 224 

gas and soot particles, which are gas-solid two-phase flow. The gas-solid two-phase 225 

flow simulation is generally divided into Eulerian-Eulerian and Eulerian-Lagrangian 226 

methods. Euler method treats the particle phase as a continuous phase to solve the 227 

particle conservation equation. Lagrangian method regards the air phase as a continuous 228 

phase to solve the time-averaged N-S equation and the particle phase as a discrete phase 229 

and obtains the motion orbit of a single particle by solving the momentum equation of 230 

the particle (Zhao et al. 2008). For the high-temperature dust-containing airflow with 231 

the volume fraction of particulate matter less than 10% in this paper, the Lagrangian 232 

method is generally used. Therefore, the DPM model is used for the simulation of the 233 

solid phase. The fluid is regarded as a continuous phase, and the discrete phase is solved 234 
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by tracking a large number of particles in the flow field. This paper uses the random 235 

trajectory model and the unidirectional coupling discrete phase model to simulate the 236 

particle phase turbulent diffusion flow. Likewise, the Lagrangian method is used to 237 

track the particle trajectory; the dynamic particle equation is generally given as: 238 

 𝑚 𝑑𝑣𝑑𝑡 = 𝐹𝑑 + 𝐹𝑔 + 𝐹𝑇 + 𝐹𝑏 + 𝐹𝑠𝑎𝑓𝑓𝑚𝑎𝑛 + 𝐹𝑝 + 𝐹𝑅           (2) 239 

Where m is the mass of the particle, v is the velocity of the particle, t is the time, Fd 240 

is the fluid drag force received by the particle, Fg is the gravity received by the particle, 241 

FT is the thermophoretic force received by the particle, Fb is the Brown force received 242 

by the particle, and Fsaffman is the Saffman lift force on the particle, Fp is the pressure 243 

gradient force on the particle, and FR is the heat radiation force on the particle. 244 

When the volume fraction of particles in the dust-containing airflow is less than 10%, 245 

particles' interaction can be ignored. Because the high-temperature airflow has a large 246 

temperature gradient, the thermophoretic force caused by the temperature gradient 247 

needs to be considered, and the Brownian force and Saffman lift due to the velocity 248 

gradient in the flow field. 249 

In his article, Liu Yi (2016) mentioned the particles' composition in the blast furnace 250 

casting yard, as shown in Table 2. 251 

Table 2 Smoke composition 252 

Ingredient Fe2O3 TFe CaO MgO SO2 P Burn ashes FeO 

Proportion 

(%) 
59.76 48.9 5.38 0.3 5.06 0.013 13.84 9.12 

 253 

It can be seen from the table that the main component of the particulate matter 254 

discharged from the iron field is Fe2O3, so the particulate matter parameter is taken as 255 

the iron oxide parameter, the density is 4580kg/m3, the thermal conductivity is 256 

0.55w/m·K, and the specific heat capacity is 710J /kg·K. 257 

3.3 Boundary conditions 258 

According to the iron casting yard characteristics, the airflow generally enters from 259 

the lower door window and flows freely from the side windows and roof skylights. The 260 

air inlet adopts the speed inlet's boundary condition; its temperature is the outdoor 261 

measured ambient temperature, and its speed is the speed measured on-site. The speed 262 

boundary conditions are defined in Tables 3 and 4. The boundary conditions for the 263 

plant's fixed wall are the first type of boundary conditions, and the specific parameter 264 

values are shown in Table 5. 265 

During regular tapping, the most smoke and dust are released from the tap hole, and 266 

a large amount of soot is also emitted from the slag ditch cover on the spot, so the two 267 

smoke and dust emission points selected at the slag ditch cover are set as the dust-268 
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producing area as shown in Figure 3. According to the literature (Liu Yi, 2016), the 269 

main ditch's dust output is about 39.1kg/h, the initial speed of smoke and dust is 0-270 

2.3m/s, and the slag's dust output ditch is about 3.1kg/h. The speed tested in the field is 271 

about 0.8m/s, and the content of PM2.5 is about 20%. These particle mass flow and 272 

speed settings are shown in Table 6. 273 

 274 

Fig.3 Dust production point layout 275 

Table 3 Skylight boundary condition 276 

 Boundary conditions DMP-Injection 

Roof windows and side 

windows 
Outflow Escape 

 277 

 278 

 279 

 280 

 281 
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Table 4 Door and window boundary conditions 282 

 
Position 

number 

Boundary 

conditions 

Velocity 

magnitude(m/s) 

Temperature 

(℃) 
DMP-

Injection 

East 

23 

Velocity-inlet 

1.20 

29 Escape 

24 1.20 

25 1.20 

26 1.30 

27 1.00 

28 0.90 

29 1.50 

30 0.90 

31 0.90 

West 

1 

Velocity-inlet 

0.15 

30 Escape 

2 0.12 

3 0.12 

4 0.25 

5 0.10 

6 0.15 

7 0.20 

8 0.20 

9 0.40 

10 0.30 

11 0.60 

North 

13 

Velocity-inlet 

0.80 

29 Escape 

14 1.00 

15 1.20 

16 0.80 

17 1.00 

 283 

Table 5 Wall and pipe boundary conditions 284 

Position number 
Boundary 

conditions 

Temperature 

℃ 
DMP-Injection 

East wall 

Wall 

35 

Trap 

West wall 

North wall 

East wall 

Floor 34 

32-33 31 

P 40 

O 80 

I,M 40 

D 1100 

E,H 750 

A,C,H 110 

K,N 55 

B,H 200 
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Table 6 The mass flux and initial velocity of the particulate matter 285 

Position Particle mass flow Initial velocity 

Producing dust source1 0.002kg/s 2m/s 

Producing dust source2 1.5e-4kg/s 0.8m/s 

Producing dust source3 1e-5kg/s 0.8m/s 

4 Results 286 

4.1 Measurement results 287 

To provide boundary conditions for the numerical simulation, the speed of the factory 288 

building's windows, the temperature of the external walls, and the walls of the internal 289 

facilities were measured with an anemometer and a thermometer. The specific 290 

measured values are shown in Tables 3, 4, and 5. To verify the CFD model, an 291 

anemometer, a thermometer, and a particle analyzer were used to determine the particle 292 

concentration, wind speed, and temperature on the four characteristic lines of the 1.5m 293 

plane in the blast furnace casting yard. The details are shown in Figures 4, 5, and 6. 294 

 295 

Fig.4 Distribution of PM2.5 concentration  296 
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 297 

Fig.5 The velocity distribution 298 

 299 

Fig.6 The temperature distribution 300 
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4.2 CFD model validation 301 

4.2.1Grid independence verification 302 

The grid's quantity and quality are the key factors affecting the numerical simulation 303 

of the factory building. Because there are many irregular geometric figures inside the 304 

factory building, the overall shape is relatively complicated, and it is not easy to 305 

generate hexahedral meshes, so tetrahedral meshes are used for division in the 306 

calculation. Therefore, the paper uses the Tetrahedrons method to generate a full 307 

tetrahedron mesh. Because the plant has a cylindrical surface such as a blast furnace 308 

and pipes, it adopts Curvature's distribution method. The grids of heat source, air inlet, 309 

and air outlet are densely divided, and the grid inside the plant is relatively sparse. The 310 

accuracy of the two-phase flow simulation for the grid is also very high, so the grid 311 

divided in the calculation area must be sufficiently fine. A coarse grid will cause errors 312 

in the tracking of particles. Moreover, too much grid will require higher computer 313 

performance and a waste of valuable resources. To address this issue, the paper divided 314 

the calculation area into three different numbers of grids and compared the numerical 315 

simulation results under different numbers of grids to determine a grid that meets the 316 

calculation requirements and has high accuracy level faster calculation speed. The three 317 

different grids are as follows: 4.6 million, 9.89 million, and 11.4 million. 318 

Comparing the measured speed on the fourth line, as shown in Figure 7, it can be 319 

seen from the figure that from 4.6 million to 11.4 million, the speed change trend 320 

corresponding to the 4.6 million grid is relatively large. However, the speed change 321 

trends corresponding to 9.89 million and 11.4 million grids are similar. It proves that 322 

the grid number's accuracy is 9.89 million, and the accuracy is high enough. At this 323 

time, increasing the number of grids does not make much sense, as it will slow down 324 

the calculation speed. In this paper, the grid division uses a grid growth rate of 1.2, the 325 

global size is 301mm, and the heat source surface and the inlet and outlet are 250mm, 326 

and the number of generated grids is 9.89 million for numerical simulation calculation. 327 
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 328 

Fig.7 Grid independence verification 329 

4.2.2 Numerical simulation verification 330 

The measurement points of air temperature, velocity, and particle concentration are 331 

as described in section 2.2. The numerical simulation results are compared with the 332 

experimental results shown in Figures 8, 9, and 10. Analysis of the first line shows 333 

fewer obstructed objects, and the distance from the doors and windows is relatively 334 

closed. So the measured temperature and concentration are relatively uniform, and the 335 

speed in the middle of the suction effect of the dust hood is tremendous. The second 336 

line of the measurement is located under the dust hood at about 25 meters, so the 337 

temperature, speed, and concentration are higher. Due to the complicated nature of the 338 

plant, the comparison result of the third line is inconsistent. Further, the model 339 

simplified the support around the blast furnace, mud bombardment, and other objects 340 

and observed no obstruction behind the slag ditch; the airflow quickly enters the back 341 

of the blast furnace leads to a higher speed, lower concentration, and lower temperature. 342 

For the fourth line in the factory building's depth, the particulate matter accumulates 343 

due to the longitudinal airflow interference, leading to a relatively high concentration. 344 

From the above comparison, it can be considered that the numerical model and 345 

calculation method in this paper have a reasonable degree of reliability and acceptability.  346 
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 347 
Fig.8 Comparison of the simulated air velocity with the experimental data on Line1 to 348 

Line4  349 

 350 
Fig.9 Comparison of the simulated air temperature with the experimental data 351 

 on Line1 to Line4  352 
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  353 

Fig.10 Comparison of the simulated PM2.5 concentration with the experimental 354 

data on Line1 to Line4  355 

4.3 Performances of the ventilation system 356 

Since the z=1.5m plane is precisely where most people breathe, the flow field, 357 

temperature field, and concentration field can best reflect human feelings. Figure 11 358 

shows the temperature distribution on this plane. It can be observed from the figure that 359 

the temperature in most areas is below 31°C. Due to the sweep of the longitudinal 360 

airflow, the plume caused by the heat source affects the rear right of the casting yard, 361 

and so, the high-temperature area appears on the right of the slag ditch (about 33°C); 362 

most of the rear temperature is below 31℃, which is suitable for workers to operate. 363 

The surrounding area above the main operational ditch is as high as 40°C, and the 364 

temperature of the non-working main ditch also reaches 750°C, so the surrounding 365 

temperature above it is also as high as about 35°C.  366 



 

18 

 

 367 
Fig.11 The temperature cloud map of the z=1.5m plane 368 

The human body's health, self-feeling, and working ability depend on the comfort of 369 

the room. In industrial buildings, the human body's thermal comfort directly affects 370 

workers' labor efficiency and health. PMV is a recognized thermal environment 371 

evaluation index, however the PMV calculation model contains many variables and the 372 

calculation is very complicated, this paper adopts simplified algorithm(Ou et al, 2018). 373 

According to equations (3) to (6), the cloud map (12) is obtained, and it can be observed 374 

that the PMV in the active area of the human body is mostly around 3. Therefore, the 375 

thermal comfort of workers is relatively low. 376 (𝑀 − 𝑊) − 𝑃𝑀𝑉𝐾𝑀 = 3.05[5.733 − 0.007(𝑀 − 𝑊) − 𝑃𝑎] + 0.42(𝑀 − 𝑊 − 58.15) 377 +1.73 × 10−2𝑀(5.867 − 𝑃𝑎) + 1.4 × 10−3𝑀(34 − 𝑡𝑎) + ℎ𝑐𝑟𝑓𝑐𝑙(𝑡𝑠𝑘 − 𝑡𝑜)𝐹𝑐𝑙   (3) 378 ℎ𝑐𝑟 = ℎ𝑐 + 0.69ℎ𝑟                         (4) 379 𝑡𝑜 = 0.69ℎ𝑟𝑡𝑟+ℎ𝑐𝑡𝑎0.69ℎ𝑟+ℎ𝑐                            (5) 380 𝐹𝑐𝑙 = 11+0.155ℎ𝑐𝑟𝑓𝑐𝑙𝐼𝑐𝑙                          (6) 381 

Where M is the human energy metabolism rate, W/m2; W is the mechanical work 382 

done by the human body, W/m2; Pa is the partial pressure of water vapor around the 383 

human body, KPa; ta is the ambient temperature of the human body,℃; hcr is the 384 

comprehensive sensible heat transfer Thermal coefficient; hc is the convective heat 385 

transfer coefficient, (W/m2∙℃); hr is the linear radiation heat transfer coefficient, 386 

(W/m2∙K); to is the converted temperature,℃; tr is the average environmental radiation 387 

temperature; tsk is the average human skin temperature,℃, Fcl is the basic heat transfer 388 

efficiency of clothing; fcl is the area coefficient of clothing; and Icl is the effective 389 

thermal resistance of clothing. 390 
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 391 
Fig.12 PMV value of the z=1.5m plane 392 

As shown in Figure 13, the plant's largest concentration point is the area where the 393 

main ditch of the blast furnace is connected. Also, a high concentration area appears on 394 

the slag ditch's right side; this is due to the main ditch's high-temperature zone and the 395 

suction effect of the dust hood above it. There is an apparent high-speed zone at the left 396 

front of the main ditch, making it is easier for the airflow to bypass the left side of the 397 

blast furnace and reach the rear of the casting yard. However, as the pressure in the 398 

factory building's depths increases, the speed starts to decrease, leading to a larger 399 

concentration of particulate matter behind the blast furnace. According to CRAES 400 

(2012), the indoor PM2.5 concentration limit is 75μg/m³, and the concentration of the 401 

entire respiratory area is basically below 80μg/m³, which is considered as mild pollution. 402 

Analysis of Figures 11 and 13 shows the influence of obstacles in the factory building 403 

on airflow (Zou et al. 2005). When the air flows through obstacles, it circumvents and 404 

generates vortex areas, leading to a gradual reduction in airflow speed, which causes 405 

the air distribution in the ventilated space to be very uneven. Hence, the more the 406 

airflow goes deep inside the workshop, the harder it is to drive the airflow, making it 407 

difficult for air to circulate smoothly and drain from the skylight, leading to particulate 408 

matter accumulation and rising temperature. 409 
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 410 
Fig.13 The PM2.5 concentration cloud map of the z=1.5m plane 411 

Figures 14 and 15 reflect specific characteristics of the iron yard's temperature and 412 

particle concentration in height direction. From the diagram, it can be observed that the 413 

temperature on the left and right sides of the dust hood keeps rising; when the height of 414 

the workshop is below 6.8 meters, the temperature is around 31℃. However, due to the 415 

irregular timing of airflow discharged, the temperature of the high-temperature airflow 416 

above the plant will rise to about 35°C; when it is close to the wall of the plant, the 417 

updraft cannot be eliminated in time, thus turning back down to produce a large vortex, 418 

resulting to a high concentration area appearing at the middle of the plant. Moreover, 419 

due to the suction of the dust hood and the large disturbance of the longitudinal airflow, 420 

the concentration of particulate matter in the right area of the middle part is significantly 421 

higher than that of the left part, and the concentration distribution is uneven. 422 

The plant's pollutants are mainly due to the smoke and dust emitted by the taphole 423 

that cannot be removed in time by the dust hood. The particulate matter will escape 424 

from the dust hood with the airflow, and some particulate matter will be deflected to 425 

the north and discharged from the skylight on the north side. Since the particulate matter 426 

generated in the slag ditch is far away from the dust hood, it will follow the airflow and 427 

accumulate inside the workshop, and because the speed in the depth of the workshop is 428 

relatively low, it is difficult to discharge the particulate matter 429 

The analysis of Figures 14 and 15 shows the influence of the vent on the airflow. 430 

When the air enters from the bottom window, part of it is taken away by the dust hood, 431 

and the other part is taken away from the skylight. However, the vent's wrong location 432 

will make it difficult for airflow to exit the skylight, causing particles to accumulate in 433 

the height of the plant. 434 
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 435 
Fig.14 Cloud map of temperature in the center of the dust catcher 436 

 437 
Fig.15  Cloud map of PM2.5 concentrations in the center of the dust catcher 438 

The ventilation effect is related to two factors: the amount of fresh air sent in and the 439 

other is the form of airflow organization. The following uses the waste heat removal 440 

efficiency, the effective ventilation ratio, and the actual number of new air changes to 441 

evaluate the iron yard room's ventilation effect. The calculation results are shown in 442 

Tables 7, 8, and 9. 443 

The PMV value is too large for workers, and the plant's waste heat is also a pollutant. 444 

Therefore, the waste heat removal efficiency is used to investigate the efficiency of 445 

energy utilization in the form of airflow organization (Zhu et al. 2010); this is defined 446 

as: 447 𝜂𝑡 = 𝑡𝑒−𝑡𝑠𝑡𝑎̅̅ ̅−𝑡𝑠                               (7) 448 
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Where 𝑡𝑒  is the exhaust air temperature,  𝑡𝑠  is the supply air temperature, and 449 𝑡𝑎 ̅̅ ̅̅  is the average temperature of the working area. 450 

Table 7 Waste heat removal efficiency 451 

Exhaust air 

temperature 

℃ 

Exhaust air 

temperature 

℃ 

Average temperature of 

the working area. 

℃ 

Waste heat 

removal efficiency 

33.2 29 30 4.2 

This plant adopts the form of combining the local exhaust of the smoke hood with 452 

natural ventilation. The exhaust air volume was increased to eliminate particulate matter, 453 

prone to short-circuiting of the natural exhaust vents. Xing et al. (2018) proposed two 454 

parameters, sufficient ventilation volume and effective ventilation ratio. When the 455 

effective ventilation ratio is less than 1, it indicates that the natural ventilation opening 456 

is short-circuited; the definition is given as follows: 457 𝐺𝑒 = |𝐺𝑗𝑝 + 𝐺𝑧𝑝| = 𝐺𝑧𝑗                      (8) 458 𝜂𝑒 = |𝐺𝑒/𝐺𝑗𝑝|                           (9) 459 

Where 𝐺𝑒  is the effective ventilation volume, 𝐺𝑗𝑝  is the mechanical exhaust 460 

volume, 𝐺𝑧𝑝 is the natural exhaust vent ventilation volume, 𝐺𝑧𝑗 is the natural air inlet 461 

ventilation volume, and  𝜂𝑒  is the effective ventilation ratio. 462 

Table 8 Effective ventilation ratio 463 

Mechanical exhaust 

volume m
3
/s 

Natural exhaust 

vent ventilation 

volume m
3
/s 

Natural air inlet 

ventilation 

volume m
3
/s 

Effective 

ventilation ratio 

110.25 201.55 308.89 2.8 

Luo et al. (2007) put forward the concept of actual fresh air changes. The number of 464 

fresh air changes is integrated into the sewage efficiency, taking into account the 465 

amount of fresh air sent into the room and the ventilation system's ability to remove 466 

pollutants. It is characterized by the frequency of pollutants discharged by the system 467 

in a steady-state, that is, the system's driving force to eliminate pollutants relative to a 468 

uniform mixing condition. The definition is as follows: 469 𝑛𝑅𝑂𝐴𝐶 = 𝜀 ∙ 𝑛𝑂𝐴𝐶 = 𝐶𝑒−𝐶𝑠𝐶̅−𝐶𝑠 𝑛𝑂𝐴𝐶                      (10) 470 

𝑛𝑂𝐴𝐶 = 𝑄𝑓𝑉                                 (11) 471 

Where 𝐶𝑒 is the pollutant concentration at the exhaust outlet, 𝐶𝑠 is the pollutant 472 

concentration at the air outlet, 𝐶̅ is the average pollutant concentration in the room, 473 𝑄𝑓  is the hourly fresh air volume, and 𝑉 is the room volume. 474 
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Table 9 The actual number of fresh air changes 475 

Ventilation 

m
3
/h 

Number of 

fresh air 

changes 

Air outlet 

concentration 

mg/ m
3
 

Exhaust vent 

concentration 

mg/ m
3
 

Respiratory 

zone 

concentration 

mg/ m
3
 

Actual fresh 

air changes 

1112001.512 7.9 0.03 0.155 0.0618 31 

5 Conclusion 476 

This paper selected a typical blast furnace tapping workshop and conducted on-site 477 

measurement to obtain the characteristics of the wind speed distribution, temperature 478 

distribution, and soot concentration distribution in the workshop during the tapping 479 

period; it established a numerical simulation model based on computational fluid 480 

dynamics and further analyzed the performance of the taphole smoke exhaust system. 481 

Based on the result and finding, the paper draws the following conclusions and 482 

recommendations: 483 

(1) The temperature in the workers' breathing zone in the entire plant is mostly below 484 

31℃, while the temperature in the vicinity of the slag ditch, iron ditch, and blast 485 

furnace is around 33℃, with the highest temperature reaching 40℃, which is still 486 

very high. Through the evaluation of the thermal comfort of the breathing area by 487 

PMV, the comfort is low, and it feels scorching; the concentration of PM2.5 is 488 

mostly below 80μg/m³, for workers, and the conditions of the entire breathing area 489 

are acceptable; 490 

(2) The plant's main problem is that when the 2# iron ditch is working, the dust hood 491 

is at the front of the plant. Due to longitudinal airflow interference and obstacles, 492 

high temperatures usually appear at the rear of the plant, especially when the right 493 

part of the slag ditch reaches about 33°C, making people feel uncomfortable. The 494 

deepest area has a high concentration of particulate matter. Also, because the plant 495 

is relatively high and the airflow organization is unreasonable, it is difficult for 496 

particulate matter to be discharged from the skylight, which accumulates in the 497 

middle of the plant, and makes the temperature very high. 498 

Given the problem of high temperature and particulate matter accumulation on the 499 

right side of the blast furnace in the plant, the paper recommends the following actions: 500 

(1) To consider increasing the number of vents deep inside the plant to make the 501 

airflow in the workshop's depth smoother.  502 

(2) Regarding particulate matter accumulation in mid-air, it is observed due to the 503 

airflow organization being unreasonable. The best option in addressing this 504 

problem is to change the area, direction, location, and other parameters of the vents 505 

to allow the airflow organization to more reasonable. Another option is to consider 506 

revamping the dust hood to make the plant cleaner. 507 
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Figures

Figure 1

Layout and main features of the iron workshop



Figure 2

Schematic diagram of the site measurement location



Figure 3

Dust production point layout



Figure 4

Distribution of PM2.5 concentration



Figure 5

The velocity distribution



Figure 6

The temperature distribution



Figure 7

Grid independence veri�cation



Figure 8

Comparison of the simulated air velocity with the experimental data on Line1 to Line4



Figure 9

Comparison of the simulated air temperature with the experimental data on Line1 to Line4



Figure 10

Comparison of the simulated PM2.5 concentration with the experimental data on Line1 to Line4



Figure 11

The temperature cloud map of the z=1.5m plane



Figure 12

PMV value of the z=1.5m plane



Figure 13

The PM2.5 concentration cloud map of the z=1.5m plane

Figure 14

Cloud map of temperature in the center of the dust catcher



Figure 15

Cloud map of PM2.5 concentrations in the center of the dust catcher


