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HIGH-PRESSURE SHROUDED WATER SPRAYS FOR DUST CONTROL 

by 

N. I. Jayaraman, 1 F. N. Kissell, 2 W. Cross, 3 j. Janosik,3 and J. Odoski 3 

ABSTRACT 

High-pressure shrouded sprays were first tested on a bench to determine 
air-moving capability and dust collection efficiency. The bench-scale tests 
indicated that at 500 psi and above, the dust collection efficiency, when sam­
pled downstream of a water eliminator, was about 99 pet for two types of noz­
zles. However, for the same water flow, the induced airflow was about three 
times greater in one type than in another. Since the only difference in the 
nozzles was the spray angle, this factor was important in air movement through 
a shrouded spray. 

Full-scale model mine tests were then conducted to determine the reduc­
tion in dust concentration behind the line curtain and at the operator posi­
tion produced by high-pressure sprays in a shroud. The shroud was mounted on 
top of the boom of a model continuous miner, and high- pressure (greater than 
500 psi) sprays were installed inside the shroud. The inlet of dus~y air to 
the shroud was open toward the face and the outlet toward the exhaust line 
curtain. The high-pressure sprays were compared with conventional sprays 
mounted at the head of the continuous miner and directing water toward the 
face. The difference at the operator position (opposite side of brattice) was 
significant in that, under certain conditions, with conventional sprays an 
increase in respirable dust concentration of 471 pet was noticed compared with 
dry operation due to rollback from face. High-pressure shrouded sprays, on 
the other hand, decreased the dust concentrations at the operator position 
(opposite side of brattice) by 28.2 pet. 

INTRODUCTION 

In response to the Federal Coal Mine Health and Safety Acts of 1969 and 
1977, the Bureau of Mines conducted a series of investigations to develop new 
and improved methods of dust suppression, including the more effective use of 

IMining engineer. 
2Research supervisor, Dust Control and Ventilation. 
3Physical science technician, Dust Control and Ventilation. 
All authors are with the Pittsburgh Reseach Center, Bureau of Mines, 

Pit tsburgh, Pa. 
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water sprays. Initially, the approach was to provide machine-mounted second­
ary ventilation systems, and one such system was designed for a Jeffrey 100L 
auger mining machine (appendix A). In use, the dust was reduced by 45 pct; 
however, thls system dragged the exhaust tubing along the mine floor, causing 
rapid tubing deterioration and production delay while the tube was reposi­
tioned for advance. Moreover, the use of machine-mounted fans increased the 
noise level, making compliance wlth the noise standards difficult. 

Other studies focused on water sprays. An early study of water sprays on 
continuous-mining machines 4 showed that at a 90-pct confidence level, water 
sprays on the top of the boom had little effect in suppressing respirable 
dust. In still another approach, water-powered venturis 5 were designed and 
used to dilute methane at the coal face. However, their effect on respirable 
dust suppression under actual mining conditions has not been quantified. 

Recent research conducted principally in Great Britain6 has shown that 
two high-pressure water sprays mounted on the sides of a short 3- by 10-inch 
cross section rectangular device will induce an airflow through the device, as 
well as capturing most of the dust in that airflow. For example, two sprays 
using a total of 5.5 gpm at 580 psig will produce an airflow of 1,000 cfm. 

The objective of the present research is to develop a high-pressure 
"shrouded spray" system for continuous-mining machines which would produce an 
airflow capable of drawing in the dusty air from the cutting zone, and have a 
high capture efficiency for respirable dust. The term "high-pressure shrouded 
spray" as used in this paper refers to a spray nozzle operating at or above 
500 psi and bounded by an enclosure that could be a circular tube, a venturi, 
or a rectangular-shaped device. In principle, when such a spray system is 
mounted on a mining machine at an optimum configuration, a fan-scrubber effect 
is produced. The simplicity of the approach makes it a viable proposition for 
use in continuous mining. The absence of a fan, dust collection equipment, 
water eliminators, etc., reduces the required maintenance. If a closed cir­
cuit is established to collect the dirty water and clarify it, small amounts 
of water can suppress large quantities of dust. The present work, therefore, 
was aimed at determining the air-moving capacity and dust-suppression capabil­
ity of shrouded sprays, first individually on a bench and second in combina­
tions of two or three on a simulated mining machine. 
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ta, J. E. Effect of Location and Type of Water Sprays for Respirable Dust 
Suppression on a Continuous Mining Machine. BuMines TPR 96, 1976, 11 pp. 

5Ralman, W. G., and R. C. Miles. Design of Water-Powered Venturi Air Pumps 
for Coal Mines. Ch. in Coal Age Operating Handbook of Underground Mining. 
McGraw-Hill, Inc., New York, 1977, p. 235. 

6Jones, A. D. The Use of High Pressure Water to Provide Air Movement and Dust 
Collection. Ch. in Dust Control by Exhaust Ventilation and Filtration: 
Final Report on ECSC Res. Proj. 6253/11/8/065. MRDE 1979, pp. 1-25. 



BENCH-SCALE TESTING 

The objective of the bench-scale tests was to obtain guidelines for noz­
zle selection, air-moving capabilities, and dust supp~ession efficiencies. 
Testing of individual sprays was conducted with a dust feeder capable of dis­
charging minus 200"mesh pulverized coal dust (fig. 1). A 4-inch-diam pipe 
conducted the dust upstream to an 18-inch-diam sampling chamber ; lO-mm nylon 
cyclones were used to draw in respirable dust samples from the upstream and 
downstream dust clouds . 

J 

Two types of spray nozzles were tested in conjunction with a 9-inch-Iong , 
4-inch-diameter venturi (fig. 2). The spray nozzle was mounted upstream of 
the narrowest section of the throat. The air was moved by the spray as it 
passed through the venturi throat, creating a low-pressure area within the 
venturi, and thereby drawing air from behind the nozzle. A mist eliminator 
removed water droplets that would have affected downstream dust sampling_ The 
respirable dust was collected on preweighed MSA 7 cassettes and then post­
weighed to a hundredth of a milligram. The airflow rate was measured by a 
hot-wire anemometer. Table 1 shows the results when the two types of nozzles 

Upstream 
sampling chamber 

18 -ln diem, 5 ft long 

I 

4-in-IDpipe I 
I 

eycl on" part ic le J 
cia ss ifier 

Dust filter for 
gravimetric 

+ , determinati on 

Air pump 

Mist 
eli m ina tor· 

air movement 
and dust suppressi on 

Downstream 
sampling chamber 
18- in diam, 4 ft long 

Air 
pump 

FIGURE 1. Apparatus for determining air movement and dust suppression. 

7Reference to specific makes and models of equipment is for identification 
only and does not imply endorsement by the Bureau of Mines. 
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Throat 
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spray nozzle 

~ -in NPT for 
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inlet pipe 
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Iron venturi 
horn 

Cast steel mounting 
adapter 

Entrained 
Ai air J:'?i"B 

Water .. 
inlet 

Water spray 
with air 

~ Threaded hole for 
mounting (~ in, 16 UNC) 

FIGURE 2. - Venturi spray. 

were used. The type A nozzle is a full-cone injector nozzle and has a spray 
angle of 30°. The type B nozzle has a 45° spray angle and also has full dis­
tribution of droplets throughout the full-cone pattern. The airflow through 
the nozzle would be about one-third with type A when compared with the other 
at 4.6 gpm (extrapolated for type B nozzle). The difference in airflows would 
depend on interaction between spray angle and the angle of the venturi horn 
(fig. 2). These results are similar to those reported by Ralman and Miles. S 

8Work cited in footnote 5. 
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The d~st collection efficiency, however, was about the same (99 pct) at and 
above 500 psi. The high dust collection efficiencies may be attributable to 
the water eliminator in addition to the venturi itself since sampling was done 
downstream ot the water eliminator. However, no attempt was made to isolate 
the effects of either the venturi or the eliminator. 

TABLE 1. - Induced airflow and dust reduction with two types of nozzles in 
a venturi (bench-scale tests) 

Induced airflow Reduction in 
Type of nozzle Pressure, psi Water flow, through 20-foot respirable 

gpm ducting and mist dust, pct 
eliminator, cfm 

Type A ••.••••. 500 3.2 S5 99 
750 3.9 94 99 

1,000 4.6 107 99 
Type B .•.•.••• 500 5.5 375 99 

600 6.0 410 99 
700 6.5 430 99 
750 6.7 450 99 
SOO 6.9 470 99 
900 7.4 505 99 

1,000 7.S 550 99 

FULL-SCALE MODEL-MINE TESTING 

The equipment for dust feed 9 consisted of a vibrator feeder for fine 
(minus lIS-inch) Pittsburgh seam coal and a commercial pulverizer. The very 
fine dust coming out of the pulverizer had a size distribution similar to that 
of airborne coal mine dust. The dust was pulled in by a 600--cfm blower fan 
discharged at the front end of the model entry. The main ventilation for the 
entry was activated by a Joy 10 hp axial-flow fan. The full-scale Joy 12 CM 
model was located in the 14-foot-wide by 6-foot-high entry. Figure 3 shows 
the arrangement and the air movement when no sprays were used. Figure 4 shows 
the arrangement for the high-pressure shrouded spray system. The ducting 
formed a triangle, with three spray nozzles located at the face side of the 
triangle and directed toward the apex where the auger support frame joins the 
main frame. Most of the water was discharged at the throat where the conveyor 
would carry coal and water to help wet the coal. A 14-inch-diam fiberglass 
ducting was used to convey the cleansed air to the curtain side. In an actual 
mining situation, this ducting can be so installed as to discharge the air in 
either direction. High-pressure shrouded sprays (900 psi) changed the air 
movement as shown in figure 4, moving the dust-laden air from the vicinity of 
the face and bringing down respirable and float dust contained in the air. 
The cleansed air was discharged near the line curtain. 

The test procedure was to measure the total amount of respirable dust 
conducted to the face return. Eight personal samplers were used with 

9Divers, E. F., and J. J. Janosik. Comparison of Five Types of Low-Energy 
Scrubbers for Dust Control. HuMines RI 8289, 1978, 38 pp. 
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10-~~ cyclones. Two 
4 feet Two cyclones 

ari"ays of four 
from each array were sampling 
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the run; the other two 
The total mass of 

in the array were used for the wet run. 
dust in the return was collected on the four fil-

ters for the dry runs and wet runs. 
even out any variations in dust feed 
duration of the runs, the 

The dry and wet runs were alternated to 
rate. Since airflow was constant for the 
dust reduction R of a spray rela-

tive to a dry is given 

R (1 - ~ ) x 100, 

where wand d repres:erLt the total dust measured in the return during 
wet and dry runs, 

Table 2 shows the dust reduction behind the line curtain of 
and two airflows. The air movement 

on the pressure and of nozzle. 
the face return for two 
induced by the sprays 
Also, the differences 
not a simple multiple 
The reason for the 

in the rates of air movement caused by spray nozzles is 
obtained in the bench-scale tests. 

tion of the shroud. Also, the dust collection will necessarily 
vary. Tests run with two nozzles and at 16 gpm at a higher pressure gave a 
lower percentage of dust reduction than three nozzles and 16 gpm at a lower 
pressure for the face airflow. Reduction tends to decrease as the face air-
flow increases (tests 3 and 4). This may be due to less efficient at 
the inlet to the sprays. 

flow 16 

Test 1 Test 2 Test 3 Test 4 
Number of nozzles •••••••••••••.. 3 3 2 2 

of nozzle •••••••••••••••••. D B B B 
Number of t es t s .... '" . '" '" . ,. '" '" ..... '" 5 5 4 4 
Face airflow ..• ., '" . '" '" '" .. '" . '" '" cfm .• 4,000 3,000 3,000 4,000 
Airflow -,. scrubber ••. cfm •• 1,200 1,200 1,000 1,000 -0' 

Water pressure •••.•........ . . 800 500 1,000 1,000 
Reduction: 

Mean values •••••••••••••• pct •• 72.7 77.2 66 58.5 
Standard deviation ••••••• pct •• 5.6 6.1 3.7 12.6 



8 

Another series of tests was run to compare the effects of LO conventional 
sprays (type C nozzles) with those of 3 high-pressure sprays (type D nozzles), 
both of which were mounted at the front of a continuous miner. Type C nozzles 
provide distribution in a hollow-cone pattern (O.SS gpm at 100 psi); type D 
nozzles provide distribution in a full-cone pattern (109 gpm at 100 psi). The 
tests (table 3) were run for 20 min for each type of spray. 

TABLE 3. - Low-pressure sprays versus high-pressure shroaded sprays for 
suppr essing respirable dust in face ~eturn 

(Airflow = 4,500 cfm) 

Test Dry test, Wet test, mg 

20 LOW-PRESSURE SPRAYS AT 100 PSI AND 16 GPH 
1 ••• " " " " " " " " " " " " " " " " " " " " " 1.85 0.88 
2 " " " " " " " " " " " " " " " " " " " " " " " 3.18 1. 38 

3" " " " " " " " " " " " " " " " " " " " " " " " 5.63 2.51 
4" " " " " " " " " " " " " " " " " " " " " " " " 2.98 1. 61 
5 •.••.•••••..••••..•••••. 2.67 1. 30 - . 

Average •••..•.••••.••.. 3.26 1. 54 
Standard deviation ••••• 1.42 .61 

- I;) 3 HIGH PRESSURE SPRAYS AT 800 PSI AND 16 GPM 
1 •.•••••••.••.•..•.••.... 5.30 1.80 
2" " " " " " " " " " " " " " " " " " " " " " " " 6.99 1. 72 
3 " " " " " " " " " " " " " " " " " " " " " " " " 3.13 1.13 
4 •••••••••••••••••••••••• 1.49 , 61 

5 " " " " " " " " " " " " " " " " " " " " " " " " 6.25 1. 96 
6 " (I " " " " " " " " " " " " " " " " " " " " " " 

3.80 1. 32 

7" " " " " " " " " " " " " " " " " " " " " " " " 2.54 1.12 
8" " " " " " " " " " " " " " " " " " " " " " " " 5.60 1. 90 
9" " " " " " " " " " " " " " " " " " " " " " " " 2.62 1.07 

1 o •••••••••••••••••••••••• 2.37 1.05 
4.01 

---1----
1. 37 Average •••.•••.•••••••• 

Standard deviation ••••• 1.89 .45 

52.4 
56.6 
55.4 
46.0 
51.3 
52.34 
4.15 

66 . 8 
75.4 
63.9 
58.9 
68.6 
65,3 
55.9 
66.2 
59.2 
55.7 
63.59 
6.21 

pct 
wet) 

1, The dry tests gave different averages (4.01 and 3.26) because of d~fferences 
in dust feed rate. 

2Type C nozzles. 
3Type D nozzles. 



Figure 5 gives the dust weights in the fa ce re t u rn for the high- pressure 
and conventional spray tests. (The broken lines represent 1 standard devia­
tion from the mean.) A reduction from 4. 01±1.89 mg to 1. 37±O . 45 mg was 
obtained for high-pressure sprays when compared with dry tests . A reduction 
from 3.26±1.42 mg to 1.54±O.61 mg was obtained for conventional sprays. Fig­
ure 6 expresses the reduction as a percentage, when comparing the high pres­
sure with the conventional spray (65.59±6.21 to 52.34±4.15 pct). 
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Dust concentrations were also measured at the miner operator position to 
determine the effect of rollback due to conventional sprays (fig. 7). Figure 8 
shows that with high-pressure sprays dust weight at the operator position lO 
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FIGURE 5. - Face return sampling-dry versus wet for nigh-pressure and con­

ventional sprays. (Airflow = 4,500 cfm.) 

lOThe operator position is usually on the right-hand side of the machine. 
Sampling was done on both the right- and left-hand sides of the machine 
instead of shifting the brattice from right side to left side . The net 
result on airflow would be the same at the operator positions. 
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on the off-b r attice side was reduced 
from 0.69±0.30 to 0.47±0.19 mg, a 
decrease of 28.2 pet. However, when 
the conventional sprays were tested, 
the rollback caused by sprays 
increased the dust levels from 
2.S±0.63 to 11.7±4.31 mg, an increase 
of 470,7 pet , Similarly, at the 
operator position nea~ the brattice 
(fig . 9), high-pressure sprays 
reduced the dust weights from 
0.71±0.21 mg to O.Sl±O.lS mg, a 
decrease of 31.9 pet. For conven­
tional sprays, there was an increase 
from 0.72±0.14 mg to 2 . 20±0.S4 mg, 
an increase of 205.6 pet. Since 
it is the operator position that is 
important for a compliance, it is 
significant that the turbulence and 
rollback of dusty air caused by open 
sprays are avoided with high-pressure 
shrouded sprays ~ 

The 600-cfm blower fan feeding 
the dust-laden air added that amount 
of air into the system and, there­
fore, the pattern of air movement 
would be different from that of 
actual coal mine face of similar 
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E2Z3] 0 perator location 

FIGU RE 7.· Roll back caused by conventional sprays. 
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dimensions. However, work 
conducted by Ft1A Inc. 11 with 
methane, indicated similar 
airflow movement, even at 
higher water pressures of 
200 psi for conventional 
sprays. 

CONCLUSIONS 

A shrouded high­
pressure spray system was 
machine-mounted in a full­
scale model mine. The spray 
system sucked the dust away 
from the face and knocked 

it down into the shroud. Dust suppression at the operator position was much 
better than with conventional sprays mounted at the head of the miner. The 
avoidance of rollback caused by such conventional sprays reduced the respir­
able dust exposure at the miner operator position. 

In addition, the absence of fans, mist eliminators, and dust collection 
media makes the system very simple to operate and maintain. The spray units 
are small enough to be located close to the face. Retrofit arrangements can 
be made for any operating continuous miner. 

However, if larger exhaust face ventilation quantities than the 4,500 cfm 
used here, are encountered in real mining situations, the capture efficiency 
will be lower. Also, capture efficiency will be considerably lower if blowing 
ventilation is practiced at the face. 

llWallhagen, R. E. Development of Optimized Diffuser and Spray Fan Systems 
for Coal Mine Face Ventilation. BuMines Open File Rept. 14-78, 1977, 
256 pp.; available from the National Technical Information Service, 
Springfield, Va., FB 277 987/AS. 



APPENDIX<--MACHINE-MODNTED VENTILATION SYSTEM TO REDUCE DUST 0& A 
JEFFREY 100L AUGER MINER 

The study was conducted in Southern Appalachian Coal Coo's Lens Creek 
Mine, Marmet, W. Va. Mining was going on at 4 South section where the seam 
height was 36 inches and the rooms were 30 feet wide. The coal was very dry 
and the wetting arrangements for the auger miner consisted of 15 spray nozzles 
mounted on a probe that could be extended between the augers. The machine­
mounted ventilation system was designed by the Bureau and the dust collection 
hood was mounted on top of the auger miner. The hood was shaped like a "Y" to 
gather dust from the front of the machine and from around the augers. An 
expanded metal screen (not shown in figure) prevented the large pieces of coal 
from entering the hood (figs. A-I and A-2). 

FIGURE A-l. - Dust collection hood on top of auger miner. 

FIGURE A-2. - Dwst collection hood-front view. 
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The cross-sectional area of the hood was such that a velocity of 2,000 fpm 
or less was maintained. Initially the rear end of the hood was connected tc 
one Joy Model 5112 fan by wire-wound 12- inch-diam tubing. When very little 
resistance was included in the system, this fan had a capacity of 2,000 cfm. 
However, the high resistance created by the hood in the front and spiral-wound 
tubing in the back reduced the airflow to 1,500 cfm. By mounting two fans in 
parallel, about 3,000 cfm of airflow was circulated from the augers to the 
face return. The total face airflow was about 6,500 cfm. Therefore, the fan 
handled about 45 pct of the face airflow. Since the use of a flooded-bed 
scrubber reduced the airflow through the Joy fans even further, it was decided 
early in the program to eliminate the scrubber and discharge the effluent in 
the return. Figure A-3 shows one Joy 5112 fan as it was mounted on the side 
of the bridge conveyor. The second Joy fan was located next to it and to the 
side. Flexible 12-inch--diam tubing was used on both sides of the two fans, 
with the suction end going to the hood and the discharge end to the face 
return behind line curtain. 

The test procedure was to measure the respirable dust in the return behind 
line curtain when the auger was mining at the face. The curtains were set up 
as in figure A-4. Simultaneously, respirable dust was also measured in the 
air coming out of the fans. A light-scattering dust monitor capable of 

FIGURE A-3. - Exhaust fan mounted on bridge conveyor . 



FIGURE A-4. - Blowing and exhaust brattice system. 

indicating dust concentrations in real time was used. A cyclone classifier 
removed the nonrespirable fraction of the dust. The toal mass of respirable 
dust in the face return was calculated by multiplying the average concentra­
tion in the face return by the airflow by the time of sampling. Similarly, 
for the fan return, the total mass of respirable dust was calculated. The 
time of sampling depended on the activity going on at the face. If the 
machine was idle, then no readings were taken. Readings were taken simulta­
neously in the two returns for the same time interval. Capture efficiency is 
the ratio of total respirable dust passing through the fan return to the sum 
of that passing through the face return and the fan return. 

Results and Conclusions 
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Table A-I shows the results under production mode with water sprays work­
ing. An average capture efficiency of 44.65 pct was obtained for the 6 days 
but the range is from 23 pct to 82 pct. The variation in efficiency was due 
to the variations in the distance of the blowing curtain and exhaust curtain 
from the face. When the blowing curtain lagged behind by 20 feet or so, the 
capture efficiency of the machine-mounted system increased considerably. A 
zone of near-stagnant air was highl¥ conducive to high capture efficiencies. 
However, the system is not practical because of the operational constraints. 
Significant delays were caused by moving up the discharge tubing as the mining 
advanced and dragging the tubing along the mine floor resulted in severe abuse 
and rapid deterioration. Increase in noise due to additional fans was not 
welcomed. It was concluded that a wet-head retrofit system would be more 
suitable. 
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TABLE A-I, - Dust sampling in fan return and face return milligrams , 
Fan sampling (Xl ) Face sampl~ng (Xz ) Fan sampling ( X1 ) Face sampling (X~ ) 

6-16-76 6-24-76 
765 935 510 1,530 
510 1,785 340 85 
170 170 2,125 2,720 

1 , 190 340 680 5,185 
1,700 2,380 170 510 
2 , 635 5, 525 170 170 

425 595 935 1,020 
2,210 1,275 510 595 
1,275 1,190 850 510 
1 , 785 850 85 85 
1 , 785 2,125 1, 020 170 

255 170 1,105 1,955 
6-17-76 1,700 3,825 

535 2,793 425 680 
1,020 456 680 255 

680 399 510 510 
6-18-76 1,615 2,040 

510 2,340 2,380 2,125 
595 2,106 1 615 4 930 
425 1, 560 6-25-76 
340 1,170 595 680 
935 546 595 238 
255 858 1,700 306 
170 156 765 102 
765 1 , 950 1,530 408 
765 936 850 408 
425 936 3,740 748 

85 156 6,970 952 
765 780 5,950 816 

1,700 4,056 425 68 
425 156 595 170 
935 2,184 2,295 340 

6-23-76 2,295 374 
850 1,302 1,275 238 

1,105 1,736 1,700 680 
85 62 3 740 918 

170 62 - = 1,069.45 1 - 1 , 324045 1 x x = 
85 25 

1,105 2,914 
765 2,232 
510 1,488 
510 2,790 

1,105 5,394 
325 1,748 
195 1,824 
715 4,028 
585 1,520 
520 532 

65 532 
520 3,192 

11 Mean value for all dates shown. 
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