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IITRODUCTIOB 

With the trend toward gaa turbine• tor priM 
JllOVera, and particularly the exper1.Jlentation 1n coal-burning, 
gaa-turbine looo:aotivea, a coapaot, aillple •thod ot pulYer-
ising the coal 1• being developed. 'l'h1• develop•nt or the 
nozzle pulverizer, or "coal atomizer" as it 1• called, baa 
been carried out largely by the Bituminous Coal Research 
Coad.ttee through the experimentation and supervision or Mr. 
J. I. Yellott, and the inYestigationa or Mr. w. •· MnDan1'tl. 

The after diacuaaing the subject or nozzle 
pulverization with Mr. McDaniel, decided upon the teat or 
one variable, grindability aa it nozzle pulveriza-
tion. Mr. McDaniel haa worked several years on nozzle pul-
verization, and he has studied many or the variable• such as 
air pressure, air tellll)8rature, coal-air ratio, and nozzle 
design. Bia euggeationa tor our operating conditions of 
preaeure, teJIIJ)erature, and coal-air ratio were followed aa 
closely as possible, uaing only those changes necesa&Py' to 
ad.apt the equipment available. 

HISTORY 

'!'he principle of pulverizing coal by the internal.-

exploaion •thod, •• employed by th.e nozzle pulverizer, had 

its origin in a proceaa used tor explosive ahattering or 
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minerals as a substitute for crushing, preparatory to ore 

dressing. The first experimentation recorded on this method 

was done by the United Statee Bureau of Mines about 1932. 

"The principle of explosive crush1:o.g depends upon the 

fact that an expandable substance contained within the pores 

of a solid body will disrupt such a body upon expansion. Such 

expansion raay be obtained by the detonation of an explosive, 

or by the sudden release of pressure of a superheated liquid. 

That this principle of disruption may be applied to minerals 

rests on the fact that cracks, cleavage planes, and pores 

exist in all minerals to an extent hardly conceivable hereto-

fore. 11 1 

In the preliminary work along these lines, the United 

States Bureau of Mines impregnated the minerals with e1lver 

nitrate, and then subjected them to acetylene; thus silver 

acetyl1de was formed within the mineral. Thie method was 

usually ineffective to any great degree because of the 1m-

possib111ty of impregnating all the cracks, cleavage planes, 

and pores. Later, during these preliminary experiments, water 

was used quite successfully. The material to be exploded was 

soaked in water for a period of time and then heated until 

the wate1-- turned to steam, thus exploding the mineral. This 

1. Explosive Shattering of Minerals - United States Bureau of 
Mines Report of Inveat1gat1on lumber 3118 by R. s. Dean 
and John Gross. February 1932. p 1 
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proce•s waa the min one u•ed in subsequent inve•tigations. 
Aa experiment• were carried further, the shattering waa 

found to reeul. t tl'oa aeveral oauaes: 
a. "Purely mechanical illpact or against the end 

of the diacharge r or with each other. 
b. Spalling of the •terial due to the rapid cooling of 

the surface. 
c. Sudden expansion ot the water in the superficial pores 

and cracks of the Jl:1.nerala. 

d. Disruption of the Dlineral• along their secondary struc-
ture due to the weakening or this atructure by heat, or 
the penetration of water and the diaruption of the 

weakened structure by the e.xpanaion or the water and 

the explosive wave." 2 

Aa further inveatigationa produced ao• good pulveriza-
tion reault• on Jllinerala, the idea or uaing the internal explo-
sion tor coal pulverization waa conceived by Mr. v. O. 

Leach, Chief Combuation Engineer of the Peabody Coal Company. 
Thia company undertook the investigation at the Armour Research 
Foundation. 

These teat• on coal used the aame principle as that em-
ployed on the Dlinerale, soaking the coal in water and applying 

2. eo•i ve Shat tenet of Mineral.a - United Sta tea Bureau of 
• Report of veetlgatlon lumber 3201 by R. s. Dean and 

John Oroaa. February 1933. p. 1 
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heat to change the water into steam. The prel1min&l'y teatB 

were run 1n a crude apparatus oons1at1ng chiefly of a heavy-

walled, steel cylinder closed at one end and provided with a 

screwed cap ring on the other. A thin, metallic disc was held 

tightly in place by the cap ring, and was ruptured by the high 

pressures produced in the steel cylinder by the formation of 

steam. This rupture of the disc gave a sudden decrease in 

pressure within the steel cylinder, and also within the coal, 

causing the coal to be ehattered into minute particles. This 

thin, metallic diec was later replaced with a quick opening 

hydraulic valve, thus me.king possible more accurate control 

over the pressure and the soaking time. 

Although some important data were obtained on the re-

action of coal to pulverization by internal explosion, the 

experiments were not comprehensive enough to insure the possi-

bility of the method being conmercially or economically feasi-

ble. Among the more important conclusions, the following may 

be listed: 

a. Steam is apparantly the most satisfactory gas tested for 

low-cost expansion of coal. (Air had not been used as 

yet.) 

b. No advantage is gained by using soaking period.a longer 

than three minutes. The economic limit is probably 

shorter than this value. 

c. In re-explosion, the coal behaves much as in the primary 
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explosion, with an equivalent size reduction. 

d. Pyrites, bone, and similar coal impurities are not 

appreciably shattered by the and 

this may be a method for aeparating them from the coal. 

The most recent investigations have been carried on by 

the Locomotive Development Conaittee ot the Bituminous Coal 

Research, Incorporated, under the direction of Mr. J. I. 
Yellott, and the studies of Mr. W. N. McDaniel. They advanced 

the idea of using the "coal atomizer", eaaentially a nozzle 

to expand an air and coal mixture from aome predetermined inlet 
preasure to a lower outlet pressure. Their work baa been directed 

toward producing an economical., compact method of pulverizing 

coal. 
They have made investigations to determine the moat 

econollical pressure drop, and the result• of their teeta aeem 

to indicate that a pi-esaure drop of from 6o to 100 pounds per 
square inch is sufficient. Another phase of their atudiea that 
warranted attention waa the ratio of the pounds of air per 
pound ot coal sent through the nozzle. ReBUl.ta indicated that 

a ratio of one to one was aufficient to produce good pulver-

ization. 

With an efficiently-designed nozzle pulverizer unit, 

pulverization waa obtained to auoh an extent that sixty per 

cent or the particles produced passed through a 200 mesh 
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screen. By the addition of a "oyolonizer", a simple attrition 
device, the tineneaa was increased until about 80 per cent 
passed through a 325 mesh screen. This nozzle unit not only pul-
verized the co&l, but the high velocity at the exit was recon-
verted into heat by throttling, thus tending to dry the coal. 

A main factor that affects the design or the nozzle, 
other than the deaired pressure drop, is the size or the coal 
particle entering the nozzle. '1'he diameter or the largest coal 
particle 1111st be leaa than one third the diameter of the throat 
to prevent clogging.Pora given nozzle, the size or the coal 
fed is 11lll1.ted. 

Bituminous Coal Reaearch, Incorporated, has not published 
an otticial result or their investigations, but it ia believed 
that auch a "coal atomizer" may be the answer to pulverizing 
coal economically on a connercial basis for gas-turbine loco-
motives. 

THE IIVESTICMTION 

Object:-- To detel'llline the effect of the grindability or coal 
upon nozzle pulverization by running tests, in a aal.l nozzle 
pulverizer unit, on various grindability coal• from different 
coal seaaa 1n Virginia and Weat Virginia. 

The authors want the reader to know that maximum pul-
verization was not the object of this teat. The relative 
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pulverization or the different 00&11 was the goal to be ob-
tained. In a more etf1o1ently dea1gned nozzle pulverizer unit 
with a better nozzle, higher pre1aure drop acroaa the nozzle, 
and different coal-air ratioa, greater coal pulverization can 
be obtained. 

Apparatua and Materials:-- The nozzle pulverizer unit was aet 

up &a shown by the schematic drawing, Figure 1, and the pic-
torial drawing, Figure 2. The major were of the follow-
ing constl"Uction: 
I.(a) The pressure tank was conatl"Ucted aa 1n Figure 3b with 

& built-in screw conveyor. The tank was made of eight-
inch steel pipe with one half-inch steel plate• welded 
to the top and bottom. The top plate bad a two-inch 
pipe nipple welded to it, and a gate valve waa screwed 
on the nipple, allowing the coal to be placed 1n the 

tank with a funnel. A hole for a one quarter-inch pipe 
waa drilled and tapped for a pressure equalizing line 
to balance the preaaure on both aides of the screw. 
Before the top was welded on, concrete waa poured 1n 

the bottom to form sloping aides down to the screw. 

These aides allowed all the coal charge to be pushed 

into the air stream by the screw conveyor. 

(b) The screw conveyor waa a out down 1011 auger fitted to 
a one and a half-inch pipe. The pipe for the screw 
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conveyor had & be&ring, grease cui,, and p&cking. The 
acrew bade. ten-inch wooden pulley keyed to the aha.ft, 

driven by a two and a helf-inch pulley on a direct 

current motor through a "v" belt. Rheoatats controlled 

the apeed of the lllOtor ao that the speed of the screw 

could be v&ried from 250 to 350 :revolutions per Jllinute. 

(c) The nozzle waa deaigned by the equations and method 
deacr1bed 1n Chapter XI, Applied TheraodJll,81Lica by 

V. M. Faires. The dimension• of the finished nozzle 

are shown 1n Figure 3a. The nozzle waa made of stain-

lesa steel to prevent wear and corro1ion cauaed by 

the particles of coal paaaing through it. 

(d) Two pre11ure gauges were used aa shown 1n 1 

and 2. For inlet a 0-100 psi gauge waa used, 

and for the exit pressure, a 0-30 pa1 guage we.a in-

stalled. 

(e) The two duat collectors were conaercial Aerotec aep-

arators connected 1n series. 

(r) A thermometer, 0-130°F, was uaed to measure the air 

temperature. 

(g) Miscellaneous pipe and fittings to complete the unit 

&s shown 1n Figure 2. 

(h) A source of air at 110 psi guage obt&ined from the 

Ingeraoll Rand Air Compreasor 1n the Mechanieal 
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Engineering laboratory. 
(1) A eource of direct current obtained from a amall di-

rect current generator driven by a gasoline engine. 
II. For screening the coal the tollowing apparatus waa used: 

(a) A vibrating ecreen tor the •in while work-
ing on the :,00 pound lll1ne sample. A number tour mesh 
screen •s used 1n the vibrator. 

(b) A set ot 'l'yler eight-inch screens tor use on the Rotap 
screening machine. The set included the tollowing 
acreene: 14, 28, 35, 48, 65, 100, and 150 meah. 

(c) One ten-inch, 200 Mill, Tyler screen tor uae on the 

gyrating Mcban1l)&}. screening device. 
III. All the weight measurements were made on the following: 

(a) For the screen anal;rais weights, a two-range Toledo 
Scale was used. Rangea were 0-500 graaa and 0-10 kilo-
grama. 

(b) The Bardgrove Teat weights were made on a Fisher 
Scientific triple beam balance. Range was 0-111 grams. 

IV. !'he Hardgrove Testa were run on a standard Hardgrove 

Testing Maab1ne. The •chine had an auto11&tio 
device as well as a revolution counter. 

Method or Procedure:-- 'l'he 300 pound aample ot coal, u re-
ceived from each of the varioua Dlinea, •• oruehed 1n a jaw 

crusher until it paaaed through a number four •ah screen. 
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Eaoh m1De sample waa kept clean and tree from cont.am:tnation 
by other coals at all timee. After all the oo&l paeaed through 
the number four mesh screen, it waa sampled according to AS'l'M 

Standard Procedure of alternate shovels and opposite quarters 
or the coal pile.3 Two ten-pound samples were taken or each 
coal, and they were set aside for the Hardgrove grindability 

teats. 
'!'he remainder of the coal was screened between the 11m1ta 

of 14 mesh and 28 meah Tyler aoreena; these screen lind.ta were 
set by the authors to give a constant coal size fed into the 
unit. All the underaize material was thrown away, and the over-
size crushed 1n a double-roll crusher until the coal was be-
tween 14 and 28 meah or underaize. The recovery of coal waa 

about 25 per cent between the 11Dl1ts set, and this method of 
crushing and screening gave 75 pounds tor the nozzle pulver-
ization tests. 

After the coal was crushed to size, ten pounds of each 
sample waa used to determine the calibration curve of the 
aorew conveyor. The screw waa rotated at various speeds, and 

the coal waa caught and weighed after a minute's run. A cali-
bration curve for each coal was plotted, ehowing the pounds 

of coal conveyed 1n a second for any value of screw revolu-

3. ASTII Standard• on Coal and Coke - American Society of 
Testing Materials - Section D 21-40 pp. 3-4 
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tions per minute. From these curves4, the test speed corre-
sponding to nine pounds of coal per minute was selected for 

each coal. The nozzle 1n the pulverizer unit was designed 
for one tenth or & pound or air per second; and & coal to 
air ratio of 1.5 to 1 was arbitrarily chosen. Thia meant 
that n1ne pounds or coal per minute must be fed into the 
air stream to satisfy these conditions. The different coals 
varied quite a bit 1n density, and each had a different 
speed of rotation of the screw to give the desired coal now. 

Five pounds of the 110reened coal was then placed 1n 

the tank without the nozzle pulverizer 1n uae. The screw was 
rotated at the teat speed, and the coal was caught and 

screened on a aeries or screens (28, 35, 48, 65, 100, 150, 
and 200 Tyler mesh). The per cent retained on each acreen 
was recorded, and a cUlllllative plot was made. Thia proce-
dure was followed twice for each different coal sample, and 

waa done to determine the crueh1ng of the coal caused by 
handling, pouring, and the crushing effect or the screw con-
veyor. The cumulative plot or the screen analysis waa repre-
sentative or the coal actually entering the nozzle. 

Before any teats were run on the nozzle pulverizer 

unit, the Hardgrove gr1ndab111tiea or the different coala 

4. See Appendix for Calibration Curve of Screw Conveyor. 
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were detel'lllined. The grindability teat• were run twice on each 
coal according to A8TM Specifications on a standard Bard.grove 

grindabllity •chine.5 
After all the calibration COJIPleted, the actual 

nozzle pulverization were ready to be run. The Ingersoll 
Rand air compressor 1n the mecb&nioal engineering laboratory, 
which supplied the air under pressure, and the engine-driven, 
direct-current generator were atarted. While the pressure waa 
building up, the apeed or the screw conveyor was selected 
from the calibration curve of the coal to be teated, and the 
rheostats were adjuated until this apeed ••obtained.The 
screw waa then stopped, and a five-pound e&11ple of the coal 
to be teated waa placed 1n the pressure tank through the gate 
valve 1n the top. 'l'hia valve and the valve 1n the exhauat 
line were then closed, and the inlet valve opened until the 
pressure 1n the tank was 110 pounds per square inch absolute 
(96 pound.a per aqua.re inch gauge for the atllk>epheric pres-
sure on the teat day). The coal was allowed to soak 1n this 
air pressure tor two minutes. Then the exhaust valve waa 
opened and the inlet valve adjusted tor 105 pound• per 
aqua.re inch absolute (91 per aqua.re inch gauge). Thie 
inlet pressure waa equal to one tenth of a pound of air per 

5. ASTM Standard.a on Coal and Coke - American Society of 
Testing Materials - Section D 409-37T pp. 46-49 
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second through the nozzle. The coal was allowed to soak one 

more minute during this adjustment, until a total of three 

minutes soaking time had elapsed. At the end of this time, 

the screw conveyor was started, feeding the coal into the 

air streaa. During the run, the inlet pressure, exhaust pres-

sure, and air temperature were recorded. 

After running the screw for one minute to ma.lee sure all 

or the co&l. was out of the tank, the screw was stopped and 

the inlet valve closed. The coal dust was then rei:ooved from 

the dust collectors, and placed in a paper bag for later screen 

analysis. The pulverizer test was repeated two DJre times on 

the same coal under the same conditions, and each coal dust 

product was kept separate from all of the others. 

The coal dust was sifted on a aeries of eight-inch 

screens (28, 35, 48, 65, 100, and 150 Tyler mesh) by the use 

of a Rotap machine. The coal dust smaller then 150 mesh was 
• 

placed on a 200 mesh ten-inch screen, and sifted by the use 

of a gyrating meoh&nical screener. The weights retained on 
each were recorded, and the per cent retained on each was 
calculated for the screen analysis plots. 

The above procedure was repeated three times for each 

separate coal, making a total of fifteen tests run under the 

same conditione, with only the hardness of the coal the 
variable. 



-20-

Results:-- The Barogrove gr1ndab111ty teat data and result• 
&re given 1n Table 1. The Hardgrove Grindabllity Index for 
both teats on the same coal came within the two per cent 
apec1f1ed by the American Society or Testing The 

average of these two was baleen as the gr1nclabil1ty 

of the coal. 
A typical run, and the calculation of the .Hardgrove 

Grindability Index are as followa: 
50 g • Weight of original. sample 

43.9 g • Weight of Mterial retained on a 200 meah 
screen after the coal bad been crushed 1n 

the Hardgrove JP.cb1ne. 

W • Weight of •terial paaaing through a 200 
screen • Weight of orj gj nal aaniple - Weight 

retained on the 200 •ah screen. 

Hardgrove Grind.ability Index• 13 + 6.93 W 

• 13 + 6.93(50 - 43.9) 
• 13 + 6.9:,(6.1) 
• 13 + 42.:, • 55.:, 

The screen analyses of the coal pulverized by handling, 
pouring, and the cruahing effect of the screw conveyor are 
listed 1n 2th.rough 6, and are ahown on cumulative 

plotting paper 1n Figures 4 through 8. 
The screen analyses of the coal pulverized by paaaing 
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through the unit (nozzle, handling, pouring, and the screw 

conveyor) are listed in Ta.blee 7 through 11, and are shown 

on cumulative plotting paper in Figures 4 through 8. 

The pulverization caused by the nozzle alone was 0b-

t&1ned by subtracting the handling, pouring, and screw pul-

verization analyses from the pulverization analyses of the 

unit. This was done for the per cent retained on each 

screen. The resulting data are listed in Table 12, and the 

cumulative screen analyses plots of a.11 the coal eearn.s are 

8hown in Figure 9. These curves show the increase in pul-

verization with a decrease in ha.rdnees. 

The effect of the g:r1ndab111ty upon nozzle pulver-

ization is plotted in Figure 10 from the data in Table 12. 

This family of curvee shows the a.mount of each coal that 

will pass through the various screene for the different 

hardnesses from 5S to 100. 

Table 1 

JWIDOROVE TESTS 

Coal Weight on 200 Mesh(g) Hardgrove Grindab111ty 
Teat 1 Teat 2 Teat 1 Teat 2 Avg 

Seam "A" 43o9 43.8 55.3 55.9 55.6 
Seam "B11 43.4 43.5 58.7 58.1 58.4 
Seam ,c•: 43.0 42.9 61.6 62.2 61.9 
Seam llDII 40.4 40.3 79.5 8o.3 79.9 
Seam nEr: 37.7 37.8 98.2 97.6 97.9 



Table 2 
COAL SEAM "A" 

Handling, Pouring, and Screw Pulverization 
Screen Analyses 

Screw conveyor revolutions per minute for teats• 300 

1.414 Screen Ratio Teat 1 Teat 2 

Ty- U.S. wt per % wt per '% Opening ler Io. {g) cent Cum. {g) cent Cum. 
in. DIil Mesh wt wt 

I 

On .0232 .589 28 30 975 95.3 95.3 992 95.1 95.1 
I 

On .0164 .417 35 40 30 2.9 98.2 32 3.1 98.2 
On .0116 .295 48 50 7 .7 98.9 7 .7 98.9 
On .0082 .208 65 70 4 .4 99.3 4 .4 99.3 
On .0058 .147 100 100 2 .2 99.5 2 .2 99.5 
On .0041 .104 150 140 1 .1 q9.6 1 .1 99.6 

On .0029 .074 200 200 1 .1 99.7 1 .1 99.7 

Thru .0029 .074 200 200 3 .3 100.0 3 .3 100.0 

Total 1023 100.0 1042 100.0 



Table 3 

COAL SEAM "B" 
Handling, Pouring, and Screw Pulverization 

Screen .Analyse• 

Screw conveyor revolutions per minute for teats• :,06 

1.414 Screen Ratio Teat 1 Teat 2 

Ty- u.s. wt per wt per Opening ler Io. (g) cent CUDI. (g) cent Cum. 
in. - Mesh wt wt 

On .0232 .589 28 30 1028 93.6 93.6 982 93.7 93.7 
On .0164 .417 35 40 52 4.7 98.3 48 4.6 98.3 
On .0116 .295 48 50 8 .1 99.0 7 .7 99.0 
On .0082 .2o8 65 70 4 .4 99.4 4 .4 99.4 
On .oosa .147 100 100 2 .2 99.6 2 .2 99.6 
On .0041 .104 150 140 2 .2 99.8 2 .2 99.8 
On .0029 .074 200 200 1 .1 99.9 1 .1 99.9 

Thru .0029 .074 200 200 1 .1 100.0 1 .1 100.0 
Total 1098 100.0 1047 100.0 

I 
I\) 

' 



Table 4 

COAL SEAM "C" 

Handling, Pouring, and Screw Pulverization 
Screen Analyses 

Screw conveyor revolutions per minute tor teats• 296 

1.414 Screen Ratio Test 1 Teat 2 

Opening Ty- u.s. wt per % wt per % ler lo. (g) cent Cum. (g) cent Cum. 
1n. .. Mesh wt wt 

On .0232 .589 28 30 1075 96.1 96.1 1078 96.1 96.1 
On .0164 .417 35 40 31 2.8 98.9 31 2.8 98.9 
On .0116 .295 48 50 5 .Jt. 99.3 5 .14- 99.3 
On .0082 .208 65 70 3 .3 99.6 3 • 3 99.6 
On .0058 .147 100 100 1 .1 99.7 1 .1 99.7 
On .OOJf.l .loJJ 150 140 1 .1 99.8 1 .1 99.8 
On .0O'l9 .074 200 200 1 .1 99.9 1 .1 99.9 

Thru .0029 .07\ 200 200 1 .1 100.0 1 .1 100.0 
Total 1118 100.0 1121 100.0 

I 
I\) 

I 



Table 5 
COAL SF.AN "D" 

Handling, Pouring, and Screw Pulverization 
Screen Anal.yaea 

Screw conveyor revolutions per 111.nute ror teats• 294 

1.414 Screen Ratio Teat l Teat 2 

Opening Ty- u.s. wt per '% wt per '% ler •o. (g) cent Cum.. (g) cent Cum. 
1n. Ill Meah wt wt 

On .02:,2 .589 28 :,o 1070 ~-2 94.2 10:,8 9:,.9 93.9 
On .0164 .417 35 40 46 4.o 98.2 47 4.3 98.2 
On .0116 .295 48 50 8 .7 98.9 7 .6 98.8 
On .0082 .208 6S 70 4 .3 99.2 4 .4 99.2 
On .0058 .147 100 100 2 .2 99.4 2 .2 99.4 
On .oo41 .l<M 150 140 2 .2 99.6 2 .2 99.6 
On .OCY29 .074 200 200 2 .2 99.8 2 .2 99.8 

Thru .0029 .074 200 200 2 .2 100.0 2 .2 100.0 
Total 1136 100.0 1104 100.0 

I 
I'\) 
V1 
I 



Table 6 
COAL SF.AM "E" 

Handling, Pouring, and Screw Pulverization 
Screen Analyses 

Screw conveyor revolutions per minute for teats• 284 

1.414 Screen Ratio '!'eat 1 Test 2 

Opening 'ry- U.S. wt per '1> wt per '1> 
ler Ko. (g) cent Cum. (g) cent CUIII. 

in. DIil Mellh wt wt 

On .0'232 .589 28 30 923 90.0 90.0 959 90.4 90.4 
On .01~ .417 35 40 59 5.7 95.7 60 5.7 96.1 
On .0116 .295 48 50 11 1.1 96.8 10 .9 97.0 
On .0082 .208 65 70 6 .6 97.4 5 .5 97.5 
On .0058 .1JJ7 100 100 4 .4 97.8 4 .4 97.9 
On .0041 .lo4 150 140 3 .3 98.1 3 .3 98.2 

On .0029 .074 200 200 3 .3 98.4 3 .3 98.5 

Thru .0029 .074 200 200 16 1.6 100.0 15 1.5 100.0 

Tot&l. 1025 100.0 1059 100.0 

I 
f\) 
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Table 7 
COAL SEAM "A" 

Hozzle Pulverizer Unit Screen Analyses 

Inlet Pressure - 91 ps1g Coal-Air Ratio - 1.5/1 
Exhaust Pressure - 2-3/4 psig Soe.k:1ng Time - 3 Jlinutea 

Air Temperature - 80°F Barometric Pressure - 13.Bo pai 

1.414 Screen Ratio Teat 1 Test 2 Teat 3 

Ty- U.S. wt per 'I, wt per 'I, wt per 'I, 
OpenJ.ng ler Io. (g) cent Cum. (g) cent Cum. (g) cent Cum. 
in. - Mesh wt wt wt 

On .0232 .589 28 30 507 21.7 21.7 577 21.0 21.0 425 18.9 18.9 

On .0164 .417 35 40 279 11.9 33.6 303 12.1 33.1 271 12.1 31.0 
On .0116 .295 48 50 204 8.7 42.:, 221 8.8 41.9 197 a.a 39.8 

On .0082 .2o8 65 70 196 8.4 50.7 2()(J 8.3 50.2 188 8.4 48.2 

On .0058 .147 100 100 200 8.6 59.:, 221 8.8 59.0 195 8.7 56.9 

On .0041 .1~ 150 140 358 15.3 74.6 472 18.8 77.8 403 17.9 74.8 

On .0029 .07JJ 200 200 489 21.0 95.6 483 19.3 97.1 520 2:,.2 98.0 

Thru .0029 .074 200 200 105 4.4 100.0 70 2.8 100.0 " 2.0 100.0 

Total 23:,8 100.0 2506 100.0 2243 100.0 

I 



Table 8 
COAL 8F.AM "B" 

Kozzle Pulverizer Unit Screen Analyses 

Inlet Pres!lure - 91 psig Coal-Air Ratio - 1.5/1 
Exhaust Pree!lure - 2-3/4 psia Soaking Time - 3 minute11 

Air Temperature - 79•p Barometric Pressure - 13.80 pal 

1.414 Screen Ratio Teat l Test 2 Teat 3 

Ty- u.s. wt per 'f, wt per ct. wt per tr,; I'' I Opening ler No. (g) cent Cum. {g) cent Cum. (g) cent Cum. 
in. DIil Meeh wt wt wt 

On .0232 .589 28 :,0 391 17.7 17.7 418 18.5 18.5 407 18.5 18.5 
On .0164 .417 35 40 268 12.1 29.8 270 12.0 30.5 269 12.2 30.7 
On .0116 .295 48 50 196 8.9 38.7 198 8.8 39.3 198 9.0 39.7 
On .0o82 .2oa 65 70 193 8.7 47.4 206 9.1 48.4 187 8.5 48.2 
On .0058 .147 100 100 224 10.1 57.5 218 9.7 58.1 206 9.4 57.6 
On .oo41 .104 150 140 475 21.5 79.0 450 19.9 78.0 568 25.8 83.4 
On .0029 .074 200 200 392 17.7 96.7 IJ26 18.9 96.9 283 12.8 96.2 

Thru .0029 .074 200 200 73 3.3 100.0 &} 3.1 100.0 83 3.8 100.0 
Total 2212 100.0 2255 100.0 2201 100.0 I I 

I 
I'\) 
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Table 9 
COAL SF.AM "C" 

Rozzle Pulverizer Unit Screen Analyaea 

Inlet Pressure - 91 pa1g Coal-Air Ratio - 1.5/1 

F.Jthauat Pressure - 2-3/4 ps1g SoaJd ng Time - 3 minute a 

Air 'l'emperature - 8o 0 P Barometric Preasure - 13.8o psi 

1.414 Screen Ratio Teat 1 Teat 2 Teat 3 

Opening Ty- U.S. wt per % wt per wt per % 
ler No. (g) cent Cua. (g) cent Cum. (g) cent Cua. 

in. .. Meah wt wt wt 

On .0232 .5&-) 28 30 407 18.1 18.1 392 17.3 17.3 415 18.8 18.8 

On .0164 .417 35 40 2~ 11.8 29.9 268 11.9 29.2 268 12.2 :,1.0 

On .0116 .295 48 50 190 8.5 :,8.- 196 8.7 37.9 187 8.5 39.5 

On .0082 .2o8 65 70 187 8.3 JJ6.7 188 8.3 46.2 179 8.1 47.6 

On .0058 .147 100 100 187 8.3 55.0 197 8.7 54.9 189 8.6 56.2 

On .0041 .104 150 140 363 16.2 71.2 476 21.1 16.0 387 17.5 73.7 

On .0029 .074 200 200 581 25.9 97.1 473 20.9 96.9 530 24.0 cr,.7 

Th.ru .0029 .074 200 200 66 2.9 100.0 70 3. l 100.0 so 2.:, 100.0 

Total 2245 100.0 22t>O 100.0 2205 100.0 

' "' \0 
I 



Table 10 
COAL SF.AM "D 11 

Nozzle Pulverizer Un.it Screen AnaJ.yses 

Inlet Pressure - <Jl psig Coal-Air Ratio - 1.5/1 
Bxhaust P:pessi.:_rf:_: - 2-3/4 psig Soalcing Time - 3 
Air Temperature - 80°F Barometric Pressure - 13.Bo psi 

1.414 Screen Ratio Test 1 Teat 2 'l1est 3 

Opening rl'y- u.s. wt per % wt per wt per % 
ler No. {g) cent Cum. {g) cent Cum. (g) cent Cum. 

in • rmn Mesh wt wt wt 

On • 0232 .589 28 30 320 14.3 14.3 331 14.2 14.2 304 13.9 13.9 
On .0164 -~·17 35 40 243 10.9 25.2 255 11.0 25.2 233 10.7 24.6 

On .0116 .295 48 50 185 8.3 33., 193 8.3 33.5 181 8.3 32.9 

On .0082 .2o8 65 70 186 8.3 41.8 187 8.0 41.5 175 B.o 40.9 

On .0058 .147 100 100 193 8.7 50.5 193 8.3 49.8 185 8.5 49.4 
On .0041 .104 150 140 490 21.9 72.4 437 18.8 68.6 439 20.2 69.5 
On .0029 .074 200 200 572 25.6 98.0 683 29.3 97.9 612 28.0 97.5 

Thru .0029 .074 200 200 45 2.0 100.0 48 2.1 100.0 53 2.5 100.0 

Total 2234 100.0 2327 100.0 2182 100.0 

I 
\.,J 
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Ta.ble 11 
COAL SFAM "E" 

Nozzle Pulverizer Unit Screen Analyses 

Inlet Preeeure - 91 pa1g Coal-Air nat1c - 1.5/1 
Exhaust Preseure - 2-3/4 paig Soaking 'l'lme - 3 minutes 
Air Tempera.ture - 79•F Barometric Pressure - 13.80 pal 

1.414 Screen Ratio Test 1 Teat 2 'rest 3 

Opening Ty- u.s. wt per ,,, wt per 'f, wt per % ler Io. {g) cent Cum. (g) cent Cum. (g) oent Cum. 
in. mm Mesh wt wt wt ,_ 

On .0232 .589 28 30 221 10.0 10.0 230 10.3 10.3 223 10.0 10.0 
On .0164 .417 35 40 217 9.9 19.9 221 10.0 20.3 227 10.2 20.2 

On .0116 .295 48 50 173 7.9 27.8 174 7.8 28.1 178 8.o 28.2 
On .Oo82 .208 65 70 161 7.3 35.1 172 7.7 35.3 r3 lo' 7.5 35.7 
On .0058 .147 100 100 191 8.7 43.8 204 9.2 45.0 l'.)l 

-, ,,. 
"·3 ::; • 0 

On .0041 .lo4 150 140 554 25.2 69.0 567 25.5 70.5 ---o-0 '.) 27.2 71.5 
On .0029 .074 200 200 610 28.2 97.2 540 24.3 94.8 579 26.0 97.5 

Tbru .0029 .074 200 200 63 2.8 100.0 114 5.2 100.0 55 2.5 100.0 
Total 2199 100.0 2222 100.0 2226 100.0 

I 

"' ..., 
I 
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Table 12 

Nozzle Pulverization Screen Analyaea 

Coal Tyler Handling, Unit Nozzle Nozzle 
Seam Screen Pouring, Pulver- Pulver- Pulver-

and Screw 1zation ization 1zat1on 
Crushing 

CUJllll.at1ve CUDlllative per cent cumulative 
per aent per cent thru screen per cent 
on screen on screen on screen 

28 95.2 20.6 74.6 25.4 
35 98.2 32.0 66.2 33.8 
48 98.9 40.8 58.1 41.9 

"A,, 65 99.3 48.8 50.5 49.5 
100 99.5 58.8 40.7 59.3 
150 gg.6 75.0 24.6 75.4 
200 99.7 97.0 2.7 97.3 

28 93.6 18.1 75.5 24.5 
35 98.3 29.8 68.5 31.5 
48 99.0 :,g.o 60.0 40.0 

"B'1 65 Q9.4 48.o 51.4 48.6 
100 q9.6 58.5 41.1 58.9 
150 99.8 80.0 19.8 8o.2 
200 q9_9 96.0 3.q 96.1 



Table 12 (con1 t) 

Xozzle Pulverization Screen Analyaes 

Coal Tyler Handling, Unit •ozzle •ozzle 
Seam Screen Pouring, Pulver- Pulver- Pulver-

and Screw 1zat1on 1zat1on 1zat1on 
Crushing 
cumulative CWIIUlative per cent cumulative 
per cent per oent tbl'u screen per cent 
on acreen on screen on screen 

28 96.1 18.5 77.6 22.4 

35 98.9 29.5 69.\ :,o.6 
48 99.:, :,8.5 60.8 :,9.2 

"C" 65 99.5 46.5 5:,.0 47.0 
100 99.7 55.0 44.7 55.:, 
150 99.8 72.0 27.8 72.2 
200 99.9 97.0 2.9 97.1 

28 94.2 1:,.9 Bo.:, 19.7 
35 98.1 24.9 73.2 26.8 
48 98.9 33.0 65.9 34.1 

"D" 65 99.2 40.5 58.7 41.:, 
100 99.4 50.5 48.9 51.1 
150 99.5 10.0 29.5 70.5 
200 99.7 96.5 3.2 96.8 



\ 
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Table 12 (con't) 

Nozzle Pulverization Screen Analyses 

Coal Tyler Handling, Unit Nozzle Nozzle 
Sea Screen Pouring, Pulver- Pulver- Pulver-

and Screw 1zation ization ization 
Crushing 

cumulative cumulative per cent OUDIUl.at1ve 
per cent per cent thru screen per cent 
on screen on screen on screen 

28 90.5 10.5 80.0 20.0 

35 95.7 20.5 75.2 24.8 
48 96.8 28.5 68.3 31.7 

"En 65 97.4 35.5 61.9 38.1 
100 97.8 44.5 53.3 46.7 
150 98.1 70o0 28.1 71.9 
200 98.~ 96.5 1.9 98.1 

Sample Calculation tor Kozzle Pulverization (CWIU.lative 
per cent on screen): 

Nozzle Pulverization {per oent through screen)• (100 -

Unit Pulverization CUDIUlative per cent on screen) - (100 -
Handling, Pouring, and Screw Cruahing cumulative per cent 

on acreen) • (100 - 10.5) - (100 - 90.5) • 89.5 - 9.5 • Bo.a.' 
•ozzle Pulverization (cumulative per cent on screen)• 

100 - Kozzle Pulverization (per cent through screen)• 

100 - ao.o - 20.°" 
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DISCUSSION 

Before discussing the curves and the results, the authors 

wish to point out several of the difficulties that had to be 

corrected before running the tests. 

The major problem encountered was that of collecting the 

coal dust after pulverization. Originally, a cloth bag was 

used on the first Aerotec separator, and a gle.ss jar on the 

second. After makings preliminary test on the unit, it was 

found that this arrangement was unsatisfactory because a 

large a.mount of the coal leaked out of the small openings in 

the cloth bag. To correct this trouble, a large glaas jar was 

substituted for the bag. With the new arrangement, 99 per cent 

of the original coal aaaple waa recovered from the collectors. 

As this loss was only one per cent, and approximately the ssme 

for all the coals, the authors felt that it could be neglected. 

The capacity of the recovery jars determined the weight 

of the coal sample that could be teated. One gallon jars were 

used on the separators, and each held about five pounds of 
pulverized coal. It was found that the first separator jar 

collected about 90 per cent of the sample, the remaining ten 

per cent being gathered 1n the second separator jar and ex-

haust bag. Por this reason, the larger the firat jar, the 

greater the weight of coal that can be teated 1n the unit. 

Another difficulty that was overcome was that of 
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unequal pressure on both sides of the screw conveyor while 

it waa conveying the coal into the air stream. Without the 

equalizer line installed, the coal, in pushing ag&inat the 

incoming air, clogged the sorew conveyor. Thia ahoking 
caused the "v!! belt drive to slip, and, aa a result, coal 

oeaaed to flow into the air stream. As constant coal feed 
,... 

was necessary, a pressure-equalizing line was inatalled. 0 

Thia device balanced the air pressure on both sides of the 

screw conveyor, and gave a 8lll0oth, uninterrupted coal flow 

into the air stream. 
Approximately one half the time spent on the procedure 

was used 1n the preparation of the sized coal. Thia constant 
coal size, between limits, is necessary in obtaining the 

characteristics of a nozzle pulverizer unit. The t1Dle spent 
in crushing and screening to size D1Uat be allowed for 1n 

future work on nozzle pulverization. 
The coal waa ordered from Virginia and ~eat Virginia 

coal seams according to their approximate grindability. 'l'he 

different seams were selected from a bullet1n,7 so as to 
cover the range of Hardgrove Orindability Indices from 40 to 
100 in atepa of 15. After the grindability teats were run, 

6. See F19".\l.res 1 and~-
7. Gr1ndab1lity of Coals Mined 1n the United States, Canada, 

and Other Countries - The Babcock and Wilcox Company 
Bulletin 3-241, May 1931_:. 
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it wa1 found that the Bard.grove Indices or several of the 
coals were nearly the same; however, the gr1ndab1lit1ee of 
the coals were spaced, though not equally, over a wide range. 

The screen analyses data f'rom the three teats run on 
each coal 1n the nozzle pulverizer unit checked veey cloeely, 

ae can be seen from the cumulative plots made in Pigurea -
through 8. The average curve of theae three teata wu drawn 
and the nozzle pulverization data calculated, using this 
average curve for each coal. Pigure 9 shows the different 
grindabllity coal.a plotted on acreen analysis paper for 
nozzle pulverization only, and indicate• an increase of 
pulverization with an increase 1n Bardgi-ove Indices. 

Figure 10 shows the per cent of coal passing through 
the various screen• from nozzle pulverization only veraua 
Hardgrove Grindability, and it gives a better representation 
of the increase 1n pulverization. 'l'he increase 1n nozzle pul-
verization over the grindability range was ama.11. As can be 

eeen from thia figure, all the pointa fell veey close to the 

aimoth curves drawn through the avel'&ge or the point• except 
those on the Thru 150 Neeb curve. The error on this curve 
aeema to be the coal whoee .Jlaledgrove Grindab111ty is 58.•. 
Thia coal had a different appearance from the others when 
received, and seemed to have been treated with oil or calcium 

chloride. Aa the openjngs in the 150 meeh screen are very small, 

blinding might have occurred with a coal that waa sticky or wet. 
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This blinding would give a low per cent through 150 mesh, snd 

would cause the point on the i1hru 150 Mesh curve to be low. 

From the trend of the family of curve! in Figure 10, the 

Hardgrove Grindability seeDl8 to have leas effect on the per 

cent of fines produced than on the larger eized coal particles. 

This trend may only be characteristic of the unit as designed 

by the authors. With a differently designed unit, greater pul-

verization may be obtained; and with more finea produced, an 

increase or decrease with Hardgrove Orindability may be more 

easily measured. All the curves in this figure, excluding 

Thru 200 Mesh, may be used 1n estimating the per cent increase 

in pulverization for a definite interval of Hardgrove Grind-

ability Indices. 

1. A amall nozzle pulverizer unit can be built on which re-

producible results may be obtained. 

2. From the results obtained, gr1ndability bas an effect 
upon nozzle pulverization, but it is amall over the range 

of Hardgrove Grind.abilities studied. 

3. The Hardgrove Gr1ndab111ty seemed to have leas effect 

upon the per cent of fines produced than on the larger 

sized coal particles. 
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RECCM1EIDATIOIS 

During the investigation, 11&11y ideas for future work 
on the nozzle pulverizer unit were thought of by the authors. 

Some of them have been done by others interested in the 

development of the nozzle pulverizer, while a few have never 

been studied before. For those who may be interested in carry-
ing on further investigations with the unit, the following 

suggestioM are listed: 
1. Design various nozzles as to throat area, length of di-

verging section, or angle of divergence to find how each might 
affect the degree of pulverization with a given coal. 

2. Install a flow nozzle so that the air now may be meas-

ured continuously, and vary the coal-air ratios, noting the 

changes in pulverization for different coal-air ratios. 

3. Insert a small metal plate, centered in the pipe, on the 

discharge side of the nozzle for use as an impact plate to 

further shatter the coal. The position and size of this 

"target" may be varied and its effect upon the degree of 
pulverization noted. 

4. Design a quartz nozzle, such that the particles of coal, 

when exposed to a stroboscope of proper frequency, may be 

seen as they pass through the nozzle. 

5. Pass the pulverized coal through the nozzle again and 

note the increase in pulverization. 



1. Anon. 

2. ----. 
3. ----. 
4. ----. 
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