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known examples [4]. After inhalation, the respirable 
dust particles enter a miner’s lungs and contaminate 
them slowly and insidiously. This continual 
contamination causes damage to the lungs and can 
eventually hinder normal respiration/breathing, 
making the miner progressively unfit to work. In its 
advanced stages, black lung can lead to permanent 
disability and death. According to NIOSH, black lung 
has been a cause or contributing factor in the death of 
76,000 miners since 1968 and has cost more than 45 
billion dollars in federal compensation benefits [5]. 
Another report by NIOSH states that the disease killed 
10,000 miners between 1995 and 2004 [6]. 

In addition to being a devastating health issue, mine 
dust is also a challenging safety issue. A portion of the 
airborne coal dust advects downwind from the 
longwall face, and increases dust concentration on the 
return entries’ surfaces. The deposited dust, if 
inadequately diluted with inert rock dust, typically 
pulverized limestone, can turn a less-dangerous, 
localized methane explosion into a catastrophic coal 
dust explosion [7]. According to MSHA, the Jim Walter 
No. 5 Mine and the Upper Big Branch Mine disasters, 
which together killed 42 people, are examples of 
disastrous coal dust explosions [8]–[10]. 

Since 1969, several successful efforts have been 
made to reduce dust concentrations at the working 
faces of underground mines. The Federal Coal Mine 
Health and Safety Act of 1969 established dust 
standards for coal mines that required each 
underground coal mine to maintain a respirable dust 
limit at or below 2.0 mg/m3 in an active working area. 
This resulted in a decrease in the prevalence of CWP for 
underground coal miners. However, after a continued 
period of decline from 1970 to 1995, a rising trend of 
CWP in the years 1995–2006 prompted the federal 

government to promulgate more stringent dust 
regulations [6]. Consequently, in 2010, MSHA proposed 
a new dust standard that was enacted on August 1, 
2014. The new standard requires mine operators to 
lower the dust-exposure limit from 2.0 mg/m3 to 1.5 
mg/m3 at the working face [5]. 

Longwall mines historically had difficulties 
maintaining dust concentration below the previous 
dust standard of 2.0 mg/m3 [11]. After the 
implementation of the new dust rule, it has become 
even more challenging for longwall mine operators to 
meet the permissible requirements while using the 
same dust control techniques previously employed. 
Therefore, improvement in current dust control 
techniques is needed. Borrowing from the successful 
implementation of flooded-bed scrubbers on 
continuous miners in room and pillar mines, the 
authors proposed the integration of this type of 
scrubber within a longwall shearer for capturing and 
removing airborne dust generated at a longwall face 
[12]–[14]. The overall goal was to minimize the amount 
of airborne dust from migrating from its source. 

To test the effectiveness of the concept, the authors 
designed and fabricated a full-scale physical model 
(prototype) of a longwall shearer integrated with a 
flooded-bed scrubber. The prototype was transported 
and assembled in the longwall test gallery of the NIOSH 
Pittsburgh Research Laboratory (PRL). Experimental 
tests were conducted to determine its capture and 
cleaning efficiencies. The test results were very 
encouraging and showed dust reductions up to 56.9% 
in the return airway of the test gallery. A computational 
fluid dynamics (CFD) study on the prototype indicated 
a similar result with a 53.6% dust reduction. However, 
because of several constraints, such as laboratory space, 
time and costs, it was difficult to experiment with 

 
Fig. 1. A 3-D model of the longwall shearer with an integrated flooded-bed scrubber. 
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scrubber design changes to evaluate their effects on 
dust capture in the PRL longwall test gallery. This paper 
examines the possibility of using a half-scale model to 
investigate the dust capturing phenomenon of the 
flooded-bed scrubber on the longwall shearer through 
laboratory experiments and numerical modeling. 

Overview of the modified longwall shearer 

A 3-D drawing of the modified longwall shearer with 
an integrated flooded-bed scrubber is shown in Fig. 1. 
The two shearer drums (cutter bits are not shown in 
the figure) cut coal from the coal face, which generates 
dust. However, this study only takes into account dust 
generated by the cutting action of the headgate drum. 
Fig. 1 shows the constituent modules of the modified 
longwall shearer. The blue modules represent the 
flooded-bed scrubber system proposed for the longwall 
shearer. The orange portions represent the existing 
longwall-shearer components. 

The flooded-bed scrubber has six main components: 
an inlet, a full-cone water spray, a wire mesh screen 
downwind of the spray, a demister downwind of the 
screen, a dirty water sump under the demister, and a 
vane axial exhaust fan at the outlet (see details in Fig. 
2). During operation, the scrubber exhaust fan creates 
negative pressure and draws the dust-laden air from 
the area around the headgate drum into the scrubber’s 
inlet. The dust-laden air then passes through the 
flooded-bed screen, where the dust particles are 
entrained in the water droplets created by the water 
spray. Subsequently, the dust-laden water droplets 
move downwind from the flooded-bed to the demister. 
The demister, which consists of parallel sinuous layers 
of plastic, separates the dust-laden water droplets from 
the air before the air reaches the fan. The dust-laden 
water flows down to the sump, where it is pumped onto 
a conveyor. Finally, the clean and relatively dry air 
passes through the fan into the downwind ventilation 
air that flows to a return airway. 

 
Fig. 2. Representative cross-sectional view of a flooded-bed scrubber. 

 
Fig. 3. A 3-D CAD drawing of the PRL longwall test gallery. 
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agreement with experimental results, with a maximum 
6.94% variation. 

Results and discussion 

The magnitudes of average velocity at 20 different 
points in the computational domain were measured 
using the CFD simulation results from the full-scale 
prototype and the half-scale model. The measurement 
points were positioned on four straight lines (each 
having five points) located 2.2 m above the ground and 
12 m, 15 m, 21 m, and 30 m from the inlet, as shown in 
Fig. 3. The comparisons of average velocities are 
presented in Fig. 4. In order to better compare the 
results, the magnitude of average velocity for the full-
scale prototype is reduced by a factor of root square of 
the scale ratio (0.5) at the 20 measuring points. Fig. 4 
shows a similar airflow pattern for the two scales at the 

four lines, with a small variation, which further 
indicates that the whole computational domain has 
similar flow patterns. This validates the scaling laws for 
air velocity in the computational domain.  

Comparisons of velocity gradients between the full-
scale prototype and the half-scale model at two cross-
sections located 12 m and 21 m from the inlet are 
shown in Fig. 5 and Fig. 6, respectively. The velocity 
range for the full-scale prototype is 0–10 m/s, whereas 
the velocity range for the half-scale model is reduced by 
a factor of root square of the scale ratio (0.5) 
considering the validity of airflow scaling laws. The 
results suggest matching patterns for the two scales 
with small variations. 

The Euler Numbers calculated from the pressure 
drop across the test gallery and the inlet air velocity for 
the full-scale prototype and half-scale model are found 

 
Fig. 4. Comparison of velocity profile measured at four cross-sections of the longwall test gallery. 

 
Fig. 5. Velocity gradient at a cross-section 12 m from the inlet. 
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to be constant, as presented in Table 3. 
Results of the flooded-bed-scrubber dust-capture 

efficiencies are presented in Table 4. The percentage 
difference of capture efficiencies between the full-scale 
prototype and half-scale model at high and low 
scrubber capacities are 3.7% and 8.5%, respectively. 
This indicates acceptable agreement with the derived 
scaling laws, which predicts the same capture 
efficiencies for the two scales. 

Conclusions 

Underground longwall mining in the United States 
has many challenges, and dust control is one of the 
most significant among them. The application of a 
flooded-bed scrubber within a longwall shearer can be 
very useful to reduce dust concentrations at a longwall 
face. It has significant potential to enhance the health 
and safety of underground miners. To test this concept, 
a full-scale prototype of a longwall shearer with an 
integrated flooded-bed scrubber was built at the 
University of Kentucky and tested in the NIOSH 
Pittsburgh Research Laboratory. Test results showed 
up to a 57% dust reduction in the return airway of the 
dust gallery. The test results validated numerical 
simulations with a maximum of 9.7% variation. To 
increase the ease at which future studies can be 
performed and to reduce the costs of experimenting 
with potential design changes, the use of scale 
modeling in the computational domain is proposed.  

This study was conducted to investigate the use of a 
small scale model to predict the results for the full-scale 
prototype using scaling laws. CFD simulations for the 
scale model were performed, and results were 
compared with the prototype CFD results. The analysis 
of results shows similar velocity profiles and dust 
capture efficiencies, which validates the derived scaling 
laws. 
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