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PERFORMANCE CHARACTERISTICS OF LARGE-CAPACITY FACE
VENTILATION SYSTEMS FOR OIL SHALE MINING

By Edward D. Thimons, ' Carl E. Brechtel,? Marv E. Adams,?
and Joseph F. T. Agapito4

ABSTRACT

The performance of two large-capacity ventilation systems was compared
through tests conducted in a large dead—end heading at a pilot oil shale
mine in Colorado. Sulfur hexafluoride (SFgz) tracer gas was used to mea-
sure the performance of the two systems: a free-standing jet fan and a
reversible fan with rigid duct.

The tracer gas was used to simulate the production of mine air pollut-
ants, including blasting pollutants, hot diesel emissions, free methane
from surrounding strata, and methane desorbing from muck piles. The
test room was 55 ft wide, 30 ft high, and 320 ft long.

The performance of the two fans was similar, but the jet fan used less
power, The tests showed that either system could provide effective ven-
tilation during oil shale mining-

1Supervisory physical scientist, Pittsburgh Research Center, Bureau of Mines,
Pittsburgh, PA.

2Associate, J. Fe T, Agapito & Associates, Inc., Grand Junction, CO.

3senior engineer, J. F. T. Agapito & Associates, Inc., Grand Junction, CO.

4President, J. Fo T, Agapito & Associates, Inc., Grand Junction, CO.



INTRODUCTION

The
and-pillar

large openings required for room-
0il shale mines, coupled with
the very 1large diesel-powered equipment
required for production, are expected
to create substantial ventilation prob-

lems at the working face. Projected
rates of air pollutant production indi-
cate that face ventilation capabilities
will have to be as large or larger than

those required for an entire panel in a
typical coal mine. Conventional ventila-
tion equipment is capable of supplying
the face airflow rates, but the effects
of room dimensions and large-scale turbu-
lence on ventilation effectiveness are
not known.,

These concerns motivated several oil
shale mining companies to sponsor,
through the Colorado Mining Association,
a design and testing project in conjunc-
tion with the Bureau of Mines and the De-
partment of Energy. The primary tasks of
the project were to——

® Review current industrial practice
to identify data pertinent to the design
of face ventilation systems.

® Design and fabricate two test sys-
tems with the required air flow capacity.

® Measure the ventilation effective-
ness of the two systems 1in full-gize
openings in an 0il shale mine.

Review of ventilation literature indi-
cated that there were ample design data

on the operation of air-moving systems,
but little data to describe the motion of
air or the pollutant dilution effective-
ness of air in large rooms. Analytical
techniques to describe air motion and
turbulence and their effect on the dilu-
tion of air pollutants on a large-room
scale are not currently available in
the mining industry. Ventilation network
models determine average properties of
the air stream, such as velocity, temper-
ature, density, or pollutant concentra-
tions, but cannot provide information
about the distribution of these proper-
ties across the excavation.

SFg tracer gas provided a means of
quantifying the average performance of
the ventilation systems at different lo-
cations in the test room. SFg has been
used in underground ventilation studies
by Thimons (178),5 and Matta (6). The
gas is inert, ‘does not occur naturally,
and is detectable in concentrations as
low as 1 ppt. The dilution of the tracer
gas provides a direct measure of the ac-
tion of the ventilation system. Low con-
centrations can be linearly extrapolated
to operational 1levels of pollutant pro-
duction so that actual fresh air require-
ments can be calculated. Different types
of pollutant production can be simulated
by altering the mode of tracer gas
release,

FACE VENTILATION SYSTEMS

Seven conceptual designs for face ven-
tilation systems were generated, based on
current ventilation practices. Through
comparison and evaluation of the designs,
the following two systems were identified
as the best approach:

® A free-standing jet fan consisting
of a 55-in-diam fan with two-speed, 100-
hp motor, mounted on a scissors lift to
allow elevation to 17 ft above the floor.

® A reversible fan with rigid duct

consisting of a 55-in-diam, two-stage fan
with two 125-hp motors, connected to 54-
in-diam round steel duct.

Both systems were designed
an airflow of 100,000 ft3/min,

to deliver
based on

the projected operating horsepower during
0il shale 1loading operations. The jet
fan system (fig. 1) was ranked very high-
ly because of its operational compatibil-
ity and 1low capital and operating cost.
However, it was considered unacceptable
under gassy mining conditions, because
its operation would cause some reentrain-
ment of exhaust air along the expanding
jet. The ducted fan system (fig. 2) was
selected for gassy oil shale mining.
Rigid duct was chosen because it would

SUnderlined numbers in parentheses re-
fer to items in the list of references at
the end of this report.



FIGURE 1. - Jet fan.

FIGURE 2. - Ducted fan system.
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system's efiec—
and exhausting

allow comparison of the
tiveness in both blowing
modes.

Operation of the two systems 1is com
pared in figure 3. For the jet fan, the
turbulent jet of air issuing from the fan
outlet forms the channel or duct to con-
duct the air to the face. Near the fan,
the alr jet diameter 1s approximately
equal to the diameter of the fan; but as
the air jet travels, it expands rapidly
until it is approximately one-half the
cross—sectional size of the opening. The
alr reaches the face with very little of
its initial velocity, then sweeps the
face and returns down the opposite side
of the heading. The 1low frictional
losses allow the jet fan to operate with
very low power consumption,

The ducted system 1s shown (fig. 3)
in both the blowing and exhaust modes.
Positioning of the fan inlet 1s critical
to the elimination of recirculation. 1In
the blowing mode, the fan inlet must be
around the corner and upstream 1in the
last open crosscut. Alr i1s carried to
the face by the duct and sweeps the face
at high velocity. This results 1in very
good mixing of air pollutants in the face
area. The exhaust air flows back along
the heading to the last open crosscut.
In the exhaust mode, fresh air travels up
the heading to the face area, and exhaust
air flows back to the last open crosscut
through the duct. Face alr sweep veloc—
ities are low, resulting in reduced mix-
ing energy. The area of capture 1s very
small, and studies by Luxner (5) and
Haney (1) have shown that increasihg the
distance between the face and duct inlet
reduces the ventilation effectiveness
dramatically. Reversible operation of
this particular system requires that the
fan and duct be located on the wall at

Fresh '
air 320
l \-D\
Fan N == _ 5 \‘
l /f o
Jet fan
Fresh l 320'
alr /—qutd duct

]
\\_ Reversible \

ventilation fan —~——

——— —
Ducted fan-blowing mode
Fresh
air 320'
1 J Rigid duct
1
Reversible P ‘)
ventilation fan - 3

* r Ducted fan - exhaust mode

FIGURE 3. - Schematics of fan systems in a
dead heading.

the upstream side of the last open cross-

cut. To avold recirculation of the ex-
haust air, the outlet end of the duct
must be located downstream of the head-
ing, as shown 1in figure 3. In most

cases, the tubing would probably have to
be run up to the roof to allow equipment
passage. For purposes of this test pro-
gram, the tubing was run directly into
the returns.

FIELD TEST SITE

Fleld tests were conducted at the Exxon

Colony pilot o0il shale mine near Para-
chute, CO. Figure 4 1s a map of the
mine. Crosscut 7 wasg used as the test

room because 1t was the only part of the
mine where ventilation air could be drawn
past the room to sSimulate a last open
crosscut.

The total mine ventilation airflow of
124,000 ft3/min was channeled past cross-—
cut 7 by constructing the long brattice
wall shown 1in figure 4. The channel was
made 15 ft wide to generate flow-past
velocities of 275 ft/min, which is simi-
lar to the velocity that would be found
in an operating oil shale mine. The room
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FIGURE 4. - Map of Colony pilot oil shale mine.
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was closed at a distance of 320 ft by
constructing another brattice wall.

A grid system was constructed in the
test room so that comparative measure-
ments could be made for both fan systems.
Figure 5 shows the 1layout of the grid
system in both plan and side views. At
each point 1in the grid, small pulleys
were attached to the roof and floor with
a 3/8-in rope traveling through them.
Orange plastic streamers were attached to
the ropes at 5-ft increments and raised
to the desired heights by means of the
pulleys, to show the direction of air mo-
tion. Air velocity, air direction, and
tracer gas sampling were restricted to
the grid points.

TRACER GAS

The tracer gas tests were designed to
simulate different mechanisms of pollut-
ant production. 0il shale loading opera-
tions at the face were expected to be the
pollutant source governing face air quan-
tity requirements. Specifically, the
combined effect of carbon monoxide and
nitrogen oxides was generally thought to
be the governing factor. However, re-—
ports by Breslin (1) and Daniel (2) have
suggested that diesel particulates could
be the key design factor. O0il shale dust
has been found to contain between 10 and
13 pct respirable quartz and is a poten-
tial problem during loading operations.
Face blasting 1in oil shale mining re-
quires the detonation of up to 2,000 1b
of ammonium nitrate-fuel oil (ANFO),
which produces high 1levels of gaseous
pollutants and dust 1n the face area.
Methane is known to occur as both a free
gas in solution with the ground water and
in so0lid solution with the kerogen. Al-
though not expected to be a problem in
0il shale mines on the rim of Piceance
Creek basin (where the Colony Mine is lo-
cated), mines 1n the central Piceance
Creek and Unita basins have been classi-
fied as gassy during developmental mining

operations., Tracer gas tests were de-
signed to simulate each of these poten—
tial mine air pollutants. These tests

are described in the following sections:

The locations of the
ing testing are also
Studies of ailr velocity and airflow di-
rection were used to select the optimum
operational position for the tests.
Tests of the jet fan at various heights
above the floor showed that the fan's
ability to project air to the face was
reduced by increasing the height. The
optimum position was as close to the bot-
tom corner as possible. The ducted fan
was placed around the corner for blowing-
mode tests. In the exhaust-mode test,
the ducted fan outlet passed through the
brattice wall so that outlet air was
dumped directly into the mine exhaust
channel.

fan systems dur-
shown in figure 5.

SIMULATIONS

SIMULATION OF BLAST CLEARING

This test was designed to simulate the
fans' effectiveness in clearing a heading
after blasting. The test room was sealed
and SFg gas released to give a wuniform
concentration in the heading of approxi-
mately 1,000 ppt. The roem seal was re-
moved, and the primary mine ventilation
system was then started. The face venti-
lation fan systems were then turned on to
clear the tracer gas from the room, and
the SFg drawdown rate was measured.

SIMULATION OF HOT DIESEL EXHAUST

This test was designed to simulate the
systems' ability to dilute diesel emis~
sions (gaseous and particulates). A
50,000-Btu/h kerosene space heater was
placed in the face area with the exhaust
routed through a vertical stack that ter-
minated 15 ft above the floor. Tracer
gas flowing at a constant rate was mixed
in the hot gas stream before the outlet,
The space heater generated a stream of
hot gases with a buoyancy similar to en-
gine emissions. The mine ventilation and
face ventilation systems were started,
and the steady-state concentration of SFg
was measured.



SIMULATION OF METHANE LAYERING

SFe was thoroughly mixed with 52.4
mol pct He 1n alr to simulate the den-
sity of methane gas, then released from
very small holes along a 50-ft-long pipe
that was suspended at the roof. The pipe
simulated the 1ntersection of a crack
that was conducting methane gas 1into
the mine at roof level. The tracer gas
was released at a uniform rate for 45 to
60 min, and gas samples were taken to
see 1f the tracer would form a roof
layer similar to the layer formed by
methane, The fans were then started to
test their effectiveness at breaking up
the layer.

SIMULATION OF METHANE EMISSIONS
FROM A MUCK PILE

In this test, the mixture of ailr,
helium, and SFg was released from a group
of plpes 1lald out 1in the face area to
simulate methane desorbing from a fresh-
ly blasted muck pille. The tracer gas
was released for 45 to 60 min, and
then the fans were starteds The steady-
state concentration was measured to es-—
tablish the effectiveness of the two
systems.

DILUTION

Analysis of data resulting from both
steady-state and fixed release of SFg was
designed to yleld a uniform measure of
ventilation effectiveness, which 1s des-
ignated as the dilution efficiency (Ep).
Ep is defined as the ratio of the effec-
tive quantity of air that is diluting the
tracer gas divided by the fan outlet flow

rate. A value of 1.00 indicates that all
of the air flowing through the fan is
being perfectly mixed with the tracer

efficiency index was
used previously by Haney (3) and called
the face ventilation index. In a steady-
state release, the following equation
would be used to determine Ep:

gas. This type of

Ep = Ess/cideal’ (1)

described
of each

In addition to the tests
above, the inlet recirculation
fan was measured using SFg.

TRACER GAS RELEASE AND SAMPLING

The locations of tracer gas release and
the tracer gas sampling points are 11-
lustrated in figure 6 for each type of
test, Automatic, programmable syringe
samplers wetre used to collect tracer gas
samples., Each sampler was loaded with
nine 25-cm® syringes. Both the time to
begln sampling and the time interval over
which the sample was drawn into the sy-
ringe could be programmed. Samplers were
suspended at different locations with re-
spect to the roof to provide for measure-

ment of the variations in SFg concen-
tration in the vertical as well as the
horizontal plane. Tracer gas release

was controlled by electronic wmass flow -
meters that were callbrated for the mine
air density.

This study employed twe types cf SFg
release:

® Steady-state, continuous release of
SF6|

® Release of a fixed quantity of SFg
and then wmixing that quantity uniformly
throughout the test room.

EFFICIENCY

where Cys = time-weighted average SFgq

concentration, ppt,

and Cideat = 1deal SFg concentration
assuming perfect mixing
with the fan outlet fiow
rate, ppt.

The ideal concentration is calculatea as

follows:

Cideal = 98F6/Qfans (2)
where 9SFg = flow rate of SFg, ft3/min,
and Q¢tan = fan outlet flow rate, ft>/

min.
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FIGURE 6. - Schematics of tracer gas release

When uniformly mixed tracer gas is di-
luted in a room of a given volume (V),
Matta (6) provides the following equation
to determine the effective flow rate of
air:

- ¥ (In Cy, =~ 1n C)’

Qe = t; - T (3

METHANE FROM MUCK PILE

points and sampling locations (overhead view).

where Qg = effective airflow rate,
ft3/min,
V = room volume, ft3,
Co, = initial SFg concentration

at time t,, ppt,



aQ
|

SFg concentration at time
tz < ty, ppPL,

time, min.

il

and ta, t4

Ep i1s then calculated as follows:

Ep = QE/QFan (4)

Fan inlet recirculation was measured by
releasing the tracer gas at a constant
rate at the fan inlet and measuring the
concentration in the outlet air. The
equation below was then used to determine
the recirculated flow.

_ Qran Co7 — 9SFs

Qr Cn (5)

where Qr = flow rate of air being re-
circulated, ft>/min,
QFan = fan outlet flow rate, ft3/
min,
Cot = SFg concentration in ouf-
let, ppt,
4SFg = flow rate of SFg 1njected
into fan inlet, ft3/min,
and Cr = average SFg concentration
in air around fan inlet,
ppt.
Qr divided by Qfan 1s the proportion of

air being recirculated at the inlet.

TRACER GAS RESULTS

BLAST CLEARING TEST

In the blast clearing tests, the test
room was closed by sealing the brattice
wall channel. Release gas containing 101
ppm SFg was released at a rate of 0.177
ft3/min for 30 min. In the blowing-mode
tests, the fan was then used to mix the
air throughout the room, resulting in an

average concentration of 947 ppt. The
samplers were allowed to take a back-
ground sample, then the brattice wall

channel was opened and the main mine fans
were activated. Samples were taken for
several minutes to determine the dilution
due to the primary airflow in the last
open crosscut, then the face ventilation
fan system was turned on, and the dilu-
tion rate resulting from its operation

was measured. Figure 7 shows the time-
concentration data for the nine samplers
located at the left, center, and right of
section 0+406 during the jet fan testing
at a flow rate of 88,400 ft3/min., The
curves are typical of all the blast
clearing tests. Dilution efficiencies
for the different tests are compared in
table 1.

The Ep values in all of the tests were
high and showed that the systems deliv-
ered between 71 and 100 pct of the fan
outlet volume to the immediate face area.
The ducted system achieved the highest
efficiency in the blowing mode and showed

6For locations of test room cross sec-
tions identified as "section 0+40, etc.,
see figures 5-6.

TABLE 1. — Comparison of dilution efficiencies in

blast clearing tests

Fan Dilution efficiency!
Fan tested flow rate, | 0+40 | 1+50 | 2+50 | Average
ft3/min
Jet fan.eeeessssss 88,400 0.77 | 0.65| 0.83 | 0.75
60,000 1,00 | 1.00| 1.00 1.00
Ducted fan:
Blowingeseeeooss 90,700 1.00 .94 .97 .98
Exhaustinge ... 73,000 .71 .78 .88 79
T"0+40," "1+50," and "2+50" indicate locations of test

room cross sections, as shown in figures 5-6.
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FIGURE 7. - SF4 concentration versus time during blast clearing test at cross section 0+40 for jet
fan. (Results are shown for three positions within the cross section.)

19 pct 1less efficiency 1n the exhaust
mode. The jet fan system was effective
at delivering 77 pct of its outlet flow
at a distance of 320 ft from the fan out-
let. The efficiency increased when the
outlet flow rate was reduced to 60,000
ft3/min. 1In fact, the tracer gas mea-
surements indicated that the Jet fan de-
livered as much air to the face at the
lower flow rate as it did at the higher
flow rate. This suggests some interac-—
tion between the Jjet stream and room
dimensions that 1s not currently defined.
Similar results were reported by Volkwein
(2) in measurements of jet fan effective-
ness at Union 0il Co.'s Parachute Creek
oll shale project.

The distance air will circulate into
the test room as a result of flow from
the last open crosscut was measured dur—
ing these tests. Air flow was detected
as far as section 1+30, with flow rates
of 17,500 and 11,300 ft°/min measured at
sections 2+50 and 1+50, respectively.,

DIESEL EXHAUST SIMULATION

Diesel exhaust emissions were simu-
lated by releasing a steady stream of re-
lease gas containing 101 ppm SFg into a
50,000-Btu kerosene space heater con-
nected to a 15-ft vertical stack. The
release gas was 1njected at a rate of
0.192 ft3/min. The exhaust stream tem—
perature was 300° F, well below the tem—
perature at which SFg begins to break up.

The mine fans and face ventilation sys-—
tem were in steady operation for 20 min
before the tracer gas release began.
Figure 8 shows the time-concentration
curves for samples at section 0+40 during
the ducted fan test 1in the blowing mode.
The SF¢ concentration reached a steady-
state value within 40 min. Time-weighted
average concentrations were calculated
for the last three sample points and used
to determine the Ep values in table 2.

The space heater was used to increase
the buoyancy of the exhaust stream, as
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FIGURE 8. - SF concentration versus time in hot exhaust test at cross section 0+40 for ducted
fan (blowing). (Results are shown for three positions within the cross section.)

TABLE 2. - Comparison of dilution efficiencies in hot exhaust tests

Distance from Dilution efficiency
Section'! roof, ft Jet fan at Ducted fan blowing
88,400 ft3/min | at 90,700 ft3/min
0%30asssmovonnmanvsnins 6 0.76 0.97
04400 cessvevssssssssnsse 5 .69 .63
15 .70 .59
25 .71 .67
0+80cccecscssassssasss 5 .76 A
15 .83 o75
25 .83 W77
Overall average.. NAp .78 J4

NAp Not applicable.

'Test room cross section as shown in figures

was done 1n the diesel emissions test.
This produced a small stratification of
the tracer gas, with the SFg concentra-
tion averaging 7.5 pct higher at 5 ft
from the roof than at 25 ft from the
roof. This was significantly less than
stratifications measured during actual
loading operations, when concentrations
were between 36 and 72 pct higher near
the roof.

In this test, the jet fan was marginal-
ly more effective than the ducted fan in
the blowing mode with: an average 7 pct
higher Ep at the face.

5—60
METHANE LAYERING SIMULATION

Methane layering occurs because methane
bleeding from fissures in the roof is
less dense than air. The density con~
trast causes most of the methane to float
near the roof and makes dilution of the
methane more difficult. 1In order to cor-
rectly simulate this phenomenon and make
a realistic measurement of the fan sys-
tems' capability to break up a methane
layer, a release gas mixture of 52.4 mol
pct He in air with 1,09 ppm SFg was
employed.
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The gas was released from a 50-ft-long
pipe suspended at the roof at cross sec-
tion 0+30. Small holes were drilled in
the pipe at 1-ft spacing so the gas would
be released uniformly along the roof
line. Gas was released at a rate of
0.833 ft3/min for 120 min to develop the
layer. The gas was then left flowing and
the fan system started.

Time--weighted  average concentrations
were calculated during the build-up pe-
riod to evaluate the extent of the layer.
Figure 9 shows the extent of layering
developed in the test of the ducted fan.
After 120 min of tracer gas release, the
fans were started and the times required

to break up the layer and then to reach
steady—-state concentration were deter-
mined. Time-concentration curves for
cross section 0+20 during the jet fan
test are presented in figure 10. Table 3
lists the Ep values.

The ducted fan system in the blowing

mode showed very high efficiency in this

test because it delivered ite full flow
of air directly at the tracer gas release
point. If the gas release point were
moved, the effectiveness would probably
drop to near the level of the jet fan.
Both systems broke up the layering effec-—
tively in a period of 40 min.

METHANE FROM MUCK PILE SIMULATION

The release gas with 52.4 mol pct He
was used to simulate methane desorbing
from a freshly blasted muck pile. The
gas containing 1.09 ppm SFg was released
at a rate of 0.833 ft>/min for 40 min to
build a tracer gas cloud 1in the face.
The gas was released from four pipes laid
out in the configuration of a muck pile.
Small holes were drilled in the pipes at
1-ft spacings to allow uniform release
over the face area. The fan being tested
was started after 40 min and the steady-
state concentration measured.

TABLE 3. - Comparison of dilution efficiencies in methane layering tests

Distance from Dilution efficiency

Section! roof, ft Jet fan at Ducted fan blowing

88,400 ft3/min| at 90,700 ft3/min
0+20ceecscsocsscsconssnss 0 0.40 1.00
1 41 1.00
0+40ceesoscnsssconcosncnss 0 .57 77
1 .54 .77
5 .64 .83
Overall average..... NAp .59 .83

NAp Not applicable.

'Test room cross section as shown in figures 5-6.

Tracer gas
- release pipe
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ROOF, ft
(6)]
|

: rZ 2 sk,
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KEY £
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o

|
40 60 80

DISTANCE FROM FACE, ft
FIGURE 9. - SF¢ layering produced during methane layering test for ducted fan.



13

1,000 g 1 E E T I E
i 1 L 1 ¢ ]
= i | B _ i
Q

= | 4 L 4 L _
g '00F 1 F 1 F :
o~ - 1 L 1 ’
[0 B . B i R 4
E - (s¢) 1 1+ P KEY 1
w i 4 | i L Distance (scy |

Lz) from roof
8 10 - — (s¢) - A Oft —
© ] o 3 - o |ft ]
& 1 F 1 [ (sC) Steady-state ]
R B % - concentration .
. - - . |

Left Center Right
0 | | | | [ | | |

50 00 150

Time-concentration data

200 O 50

100 150 200 O 50 |00 150 200

TIME, min

FIGURE 10. - SF concentration versus time in methane layering test at cross section 0+20 for
jet fan. (Results are shown for three positions within the cross section.)

for cross sec-—

tion 0+40 1in the ducted fan test are
shown in figure 11. The curves show the
buildup of SFg and that the tracer gas is
being transported up through the still

air because of the lower
release gas mixture. The
tion 25 ft from the roof
of the concentration at
roof.

density of the
SFg concentra-
averaged 20 pct
5 ft from the

The fans were then started and the SFg
concentration quickly reduced to steady-

state values. Ep values

calculated from

the steady-state values are compared in

FAN INLET RECIRCULATION MEASUREMENTS

Tracer gas measurements of fan inlet
recirculation were made for both systems
in the blowing mode. Recirculation of
the fans was 24 and 28 pct of the outlet
flow for the jet fan and ducted fan,
respectively. This was surprisingly high
for the ducted fan; the high value was
due to the location of the fan and the
restriction of flow area by the brattice
wall channel. Elimination of the recir-
culation would improve the Ep of the
ducted fan to a range of 0.81 to 1.0.

table 4.
TABLE 4., — Comparison of dilution efficiencies in methane
from muck pile tests
Distance from Dilution efficiency
Section! roof, ft Jet fan at Ducted fan blowing
88,400 ft3/min | at 90,700 ft3/min
0130cscsnswovsmmosasesnmss 5 0.45 0.69
5 T4 .71
0+40cceersossssncsccnnssns 15 .79 .59
25 .69 .52
Overall average...... NAp .79 .60

NAp Not applicable.

'Test room c¢ross section as

shown in figures 5-6.
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DISCUSSION

The tracer tests 1ndicated that both
of the systems are capable of providing
effective face ventilation during oil
shale mining operations. The jet fan
gives similar 1levels of ventilation ef-
fectiveness at lower power consumption
compared with the ducted system, because
it eliminates the wuse of ducting and
resulting friction losses. If properly
used, the jet fan has many advantages
over the ducted system for oil shale min-
ing, including--

recirculation could be eliminated by at-
taching dueting to the inlet -and drawing
air into the fan from upstream in the
last open crosscut, Studies of con-
trolled recirculation reported by Leach
(4) 1indicate that recirculation by en-
trainment along the jet will not increase
the methane concentration as long as
the 1inlet fresh ailr quantity remains
constant.

The results of the fan tests are highly
dependent upon fan inlet location, recir-

® Jlow capital and operating cost, culation, room dimensions, fan outlet

® ease of movement and positioning, location, and airflow 1in the last open
and crosscut. These tests have sought to

® higher air velocities throughout the characterize the fans in what was consid-
heading. ered to be simulations of normal opera-

Present Mine Safety and Health Admini- tion. The tests were successful in that
stration (MSHA) regulations prohibit they showed the fans were able to provide
the wuse of the jet fan 1in gassy situ— effective ventilation under field
ations because of recirculation. Inlet conditions.

CONCLUSIONS

Primary conclusions resulting from this
work include the following:

® SFg tracer gas testing 1is an effec-
tive method of characterizing face venti-
lation performance.

® The results of the tests performed
in this study are dependent upon recircu-
lation, fan inlet and outlet 1location,
pollution source, room dimensions, and
flow in last open crosscut,
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® Recirculation reduced the dilution ® The jet fan delivered similar per-
efficiencies measured in this study by 17 formance a: significantly less power
to 27 pct. consumption. compared with the ducted
® Both systems showed high dilution system.
efficiencies and were effective in venti--
latiug the face at a distance of 520 ft.
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