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SUMMARY 

The investigation was conducted to gain a knowledge of how the 

louver separates the dust particles and why some of the particles are able 

to escape separation* A preliminary study of the particle paths in a 

two dimensional louver separator was conducted to determine which design 

features are conducive to good performance. To test the conclusions of 

the preliminary study9 a thirty degree sector of a conical separator 

was constructed and its performance studied„ 

The effectiveness of the separator was evaluated by determining 

the effect of per cent blowdown^ initial air velocity,, and initial dust 

concentration on the per cent of the initial dust separated« The particle 

size distributions of the input dust5 the separated dust5 and the non-

separated dust were compared to bring out the effectiveness of the separator 

on different particle sizes. The particle paths in the separator were 

studied and correlated to the separator performance„ Throughout the in­

vestigation the particle paths were made visible by proper illumination. 

It was found that the over all air flow pattern through the separator 

was the controlling factor in the performance. Hence the shape of the 

housing on both sides of the louver is of utmost importance0 The flow 

pattern with the same flow through each louver opening was found to be the 

most desirableo This flow pattern was present when the velocity of the 

blowdown part-ion of the inlet air stream was constant from inlet to blow-

down0 The effect of the per cent blowdown was correlated to changes in 



ix 

the air flow pattern, and it was found that the performance of the 

separator could be maintained at low blowdown flows if the louver housing 

was designed to provide a desirable flow pattern at the specified blow-

down flow0 

From the particle path studies it was concluded that the most 

effective louver blade shape separates the region of particle impacts 

with the blade from the region where the air is passing between the 

bladeso The particle size studies showed that the separator was effective 

on particles as small as ten microns and that the separator was more 

effective on particles above forty microns» The data from the separator 

showed that the per cent of the initial dust separated was essentially 

independent of the initial air velocity and of the initial dust concen-

tration0 An approximate analysis of the particle paths was developed 

which is helpful in explaining the trends in the experimental data€ 
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CHAPTER I 

INTRODUCTION 

The problem0°=The louver dust separators Figure 15 is an inertial type 

separatoro It is characterized by a stream of dust laden air incident 

upon a row of blades or vanes which fonri the louver face. The larger 

portion of the air stream^ clean air5 turns and passes through the blades 

and the smaller portion of the air stream, blowdown5 continues in its 

original direction without passing through the louver face., The blades 

are so arranged that the dust because of its high inertia is unable to 

pass through the blades and is concentrated in the blowdown air stream,, 

The louver separator has been manufactured and used for some time^ 

buts previously very little has been known of the mechanism by which it 

separates the dust particles from the air<, The previous extent of under­

standing is best expressed by the statement that it is easier for air to 

negotiate a sharp turn than it is for high inertia dust particles„ 

Previous work0~~Harwell (1) in 195>0 and Matheson (2) in 195>2 submitted at 

the Georgia Institute of Technology theses on the louver dust separator„ 

Both of these studies were for the most part analyses of performance data 

from the separator„ Neither of the two analyses provided an understanding 

of the separation process<» A literature search that was made by Matheson 

showed that there is very little in the literature that is helpful in under­

standing the mechanism of separation0 



Objective <>—This investigation has had as its first object an under­

standing of the process of separation. This involves a knowledge of why 

the particles that are separated are not able to pass through the louver 

blades and of how some particles manage to escape separation. The second 

object of the investigation was to use this knowledge of the separation 

mechanism to design a separator with improved performance„ The redesigned 

separator was to embody features which would maximize the forces and effects 

causing particle separation and minimize those causing particles to pass 

between the blades« 



CHAPTER II 

PRELIMINARY STUDIES 

Method of investigation—The investigation was conducted in two partso 

For the preliminary studies the apparatus of Matheson was modified and 

used to study the mechanism of separationc The second part of the 

investigation consisted of the design̂ , construction^ testing and analyzing 

of a new separator,, 

Almost all that was learned in this investigation was the result 

of being able to follow the paths of the particles as they passed through 

the separatoro The particle paths were made visible by a system^ Figure 

1, developed during the study0 This system was suggested by the tindall 

meter (3) and uses the same principlea A very intense beam of light is 

focused on the particles^ the beam of light being perpendicular to the 

direction of the particle motion<> The paths of the particles in the plane 

formed by the light beam and the particle motion are then visible provided 

the background is completely dark0 

Mathesoncs apparatus was modified̂ , Figure 1, so that this system 

could be used to follow the particle paths0 A one half inch by eight inch 

glass window was fitted into the front wall of Matheson's separator to admit 

the light beamo The bottom^ all interior walls and the louver blades were 

painted flat black to serve as a dark background for the illuminated parti= 

eles and to keep down reflected light. It was necessary to replace Matheson's 



lucite cover plate with a glass cover because a maze of fine scratches on 

the surface of the lucite became illuminated by reflected light and were 

indistinguishable from particle paths0 A standard photographic reflector 

spot bulb was used as a light source„ A lens of about eight inch focal 

length was used to focus the light on the particles,, With this arrange­

ment the particles could be seen as thin threads of light as they passed 

through the high intensity beamc Although this arrangement illuminated 

only about a one half inch band through the separator, the entire pattern 

of particle paths could be determined by moving the beam to all parts of 

the separatoro 

Evaluation of the performance of Matheson°s separatoro~-Immediately upon 

observing the paths of the particles in the separator it was evident that 

in the past the importance of the effects of particle inertia and of 

particle impacts with the louver blades had been underestimated,. In fact 

a number of the larger particles would strike the louver face and rebound 

with a high enough momentum to cause them to cross the air stream and strike 

the front wall of the separatoro 

By studying the particle paths it was seen that the separating effect 

of the blade shape used by Matheson was almost entirely dependent upon the 

momentum of the particle after an Impact„ To understand how the blade 

separates examine the path of a representative particle (particle A Figure 

2)o Particle A enters the separator in a straight line path in the direction 

of the incoming air stream„ No particles could be observed that did not 

enter the separator along such a straight line patho Let particle A be a 
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particle that just misses the tip of a blade so that particle A will 

penetrate well into the opening between the blades before impact and 

hence will be a difficult particle to separate <> As particle A approaches 

the louver face there is no observable deviation from its straight line 

path until it passes close to the tip of a blade9 After the particle just 

misses the tip of the blade it begins to be deflected by the drag of the 

air passing between the blades„ Figure 3 shows a sketch of the stream 

lines near the louver blades. The drag deflects the particle only about 

five degrees before the particle collides with the blade surface„ Particle 

A makes a "good" impact with the blade surface„ A "good" impact is an 

impact such that the angle of rebound is approximately equal to the angle 

of incidence and such that there is only an average linear momentum loss0 

After the impact particle A rebounds back into the air stream that is 

passing between the blades0 The momentum of the particle is sufficient 

to overcome the drag between the blades$ and the particle passes back out 

into the air stream down the louver face„ Down the louver face is the 

direction from the inlet toward the blowdown parallel to the front walla 

The speed of the particle away from the louver face decreases and the 

speed down the face increases because of the drag of the air stream down 

the louver face0 The particle A may move six to eight inches down the 

louver face before the effect of the impact is no longer appreciable0 

The pattern of the streamlines near the louver blades9 Figure 3S 

was estimated by observing the behavior of very fine particles as they 

passed through the separatoro These particles were all below one micron 

in diametero The location of the air stagnation point on a blade was 
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determined by the presence of a sharp pointed buildup of fine dust* The 

buildups were obviously at the stagnation point because they were fragile 

and fell off if the blade was tapped lightly, 

The limit of the particle deflection before impact with the blade 

surface could be observed other than by particle pathso The blade face 

became brightly polished by the particle impacts„ The end of the polished 

area of the blade was distinct and indicated the limit of particle de« 

flection0 

Particles were observed to pass between the blades because of wbadM 

impacts and because of too small an angle of incidence upon the louver 

faceQ A "bad" impact^ used in contrast to a "goodw impact,, is an impact 

which is more inelastic than a 'wgoodw impact and which has an angle of 

rebound quite different from the angle of incidencec The Mbadw impacts 

can be attributed to the irregular shape of the dust particles0 Particle B 

Figure 2 is a representative particle which makes a wbadw impact0 Particle 

B enters the separator and proceeds to the point of impact as did particle 

Ao Howevers the particle makes a
 wbadw iinpact and rebounds with a greatly 

reduced momentum and with an unfavorable angle of reboundo As the particle 

passes back into the air stream between the blades it does not have enough 

momentum to overcome the drag and it is carried between the blades„ 

Some particles were observed to pass between the blades because of 

too small an angle of incidence upon the louver facee Particle C Figure 

2 is an example of a particle that is incident upon the louver face with 

too small an angle for separation,. Particle C is incident upon the blade 

surface in such a manner that after impact there is no tendency for it to 
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pass out from between the blades. The drag of the air stream passing 

between the blades then carries the particle through the louver face, 

A study of the overall performance of the louver showed that the 

blades near the blowdown or down stream end of the louver did not perform 

as well as the blades near the inlet0 This is an inherent weakness of 

this type of separator. As the air stream moves toward the blowdown 

the dust concentration becomes higher, and thus the downstream blades 

have more particles incident upon them than do the upstream blades. Hence 

the last blades which have the largest number of particles to separate 

are the blades through which the largest number of particles pass, 

There were a number of features of Matheson's apparatus that tended 

to amplify the non-uniform blade performance. The first and most important 

was a non-uniform air velocity through the louver face. The highest ve­

locity was between the last few blades. Because of this high velocity, 

the performance of the blades near the blowdown was decreased. The high 

velocity between the blades is detrimental to performance because the 

higher the velocity between the blades the greater the drag tending to 

carry the particles through the louver. Thus the non-uniform flow through 

the louver face decreased the performance of the louver blades where good 

performance was most needed, 

The nonuniform air flow was caused by the shape of the louver housing 

both in front of and in the rear of the louver face. The wall in the rear 

of the louver was so placed that it obstructed the flow through the upstream 

blades more than that through the down stream blades. The inlet cross section 



area of Matheson's apparatus was six square inches., and the blowdown cross 

section area was two square inches* Hence for blowdowns of less than 

thirty per cent there would be a lower velocity and higher pressure in the 

blowdown duct than in the inlet ducto This higher pressure in the blow-

down section of the separator caused a higher pressure in front of the 

blades near the blowdown end of the separator than in front of the blades 

near the inlet0 Thus more air was forced through the last blades of the 

separator0 

When the blowdown air flow was about five per cent, the air stream 

in the blow down end of the separator was found to bend gradually before 

passing between the blades<, The bending air stream caused the particle 

paths to bend toward the louver face0 As the particles bend toward the 

louver face5 the angle of incidence upon the louver face becomes smaller 

and the particles have much less chance of being separated.. 

When the blowdown air flow was less than five per cent5 an eddy 

filled the space in front of the louver face just upstream from the blow-

down outleto This eddy completely destroyed the orderly motion of the 

particles in front of the down stream part of the louver facec With parti­

cles traveling in random pathss a large number of the particles were inci­

dent upon the louver face in a manner such that separation was impossible0 

The effectiveness of the down stream blades of the separator was 

also decreased by particle rebounds from the front wall of the separator„ 

This front wall effect became more pronounced the shorter the distance 

between the louver face and the front wall* This effect is best explained 

by following a representative particle0 A particle impacts a blade surface 



in the usual way and rebounds after a "good" impacto The particle re­

bounds with enough momentum directed across the air stream to carry it 

to the front wall. The particle impacts the front wall with a "good*1 

impact and rebounds across the air stream again. The particle then is 

incident upon the louver face with an angle which makes separation 

difficulto All of the particles that were participating in this effect 

were large high inertia particles„ 

Conclusions from the preliminary studies.--The first conclusion was that 

any overlap (see Figure 2) of the straight blades was unnecessary. Any 

particle that impacts the blade surface behind the point of zero overlap 

will rebound with a momentum directed through the louver face and hence 

can not be separated. Therefore any overlapping portion of the blades 

does not aid separation but only restricts the flow of air between the 

blades„ 

It was concluded that the flat blade design does not develop the 

full capabilities of this type of separator0 The blade design was poor 

in that the particles experienced the drag between the blades once before 

impact with the blade surface and again after impact„ The drag after 

impact was especially bad because on impact the particles lose much of 

their momentum5 and therefore9 after impact their motion is strongly 

influenced by the drag. The drag after a "bad" impact was strong enough 

to carry the particles between the blades. Thus if the particles do not 

have sufficient momentum away from the louver face after impact they will 

pass through the louver. 
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From the preliminary studies it also became evident that the shape 

of the housing around the louver is of paramount importance. For good 

separator performance the housing must be so shaped that there will be the 

same air flow through each opening in the louver or possibly a decrease 

in air flow through the openings with distance down the louver face0 In 

any case there should not be an increase in flow through the openings with 

distance down the louver face* In order to achieve this uniform flow 

through the louver face the velocity of the air stream in front of the 

louver face must be maintained constant from inlet to blowdown0 The back 

wall and clean air outlet of the separator must be arranged so that they 

will maintain a uniform back pressure on the louver0 



CHAPTER III 

SEPARATOR DESIGN 

The blade design<,°-To minimize the weaknesses of the flat blade design an 

effort was made to separate the region where the particles impact the 

blade from the opening between the blades« A more effective blade design 

would cause the particles to rebound into an air stream directed down the 

louver face and not between the blades„ In this way if a particle made 

a ??bad" impact it would not pass between the blades. This amounts to 

separating the action of the blade into two operations. First because 

of impacts and resulting rebounds the particles are moved across the air 

stream and away from the louver face,, The second operation is to allow 

the air to pass between the blades without allowing any particles to pass0 

Apparently the second operation is all that is necessary to separate the 

particles0 However, if the particles were not moved away from the louver 

face a very concentrated dust band would develop in front of the louver 

face and a particle after first approaching the louver face would pass 

very close to all remaining openings between the blades <> Hence the number 

of opportunities for a particle to pass through the louver face would be 

increasedo 

Several blade designs were mounted in Matheson's apparatus and 

observed in operation,. The blade shape which appeared to have the best 

performance is shown in Figure l±0 To understand the operation of this 

blade design examine the path of a representative particle shown in Figure 
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Uo The particle enters the separator along a straight line path in the 

direction of the inlet air stream,, The particle is one that just misses 

the front tip of a blade0 The particle does not deviate observably from 

its straight line path until after it passes the tip of the blade which 

it just misseso After the particle passes the front tip of the blades it 

passes into the air stream that is directed between the bladeso The drag 

on the particle deflects the path5 but the particle continues by virtue 

of its own inertia until it completely crosses the stream passing between 

the bladeso The particle then passes into the air that is flowing down 

the straight portion of the blade„ As the particle approaches the inclined 

portion of the blade it feels the effect of the air stream that has curved 

out along the inclined portion of the bladeo The particle5 affected only 

slightly by drag from this air stream5 continues and impacts the inclined 

portion of the blade. The particle rebounds back into the air stream that 

has curved out the inclined portion of the blade and then out into the 

main air stream down the louver face0 The velocity of the particle away 

from the louver face decreases and the velocity down the face increases 

because of the drag of the main air stream,, The particle may travel six 

to eight inches after the impact before the effects of the impact are no 

longer observable0 

The streamline pattern near the louver blades is sketched in Figure 

So As before the stagnation points were determined by the location of fine 

dust buildupso 

Figure 6 shows the pattern of the particle paths after impact with 

the inclined portion of the blades0 The figure was obtained by photo­

graphing the pattern eroded into the glass top of the separator» 
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If the particle should make a "bad" impact with the inclined 

surface of the blades it will not pass through the louver face but will 

rebound with small momentum into the air stream along the inclined portion 

of the bladeo As a result of the "bad" impact the particle will be carried 

only a small distance away from the louver face0 Particles which are 

deflected more than the average particle as they pass in front of the 

blade opening will impact the straight portion of the bladeo After the 

impact such a particle will rebound into the air stream flowing down the 

straight portion of the blade0 This air stream carries the particle to 

a second impact with the inclined portion of the bladeo With enough de~ 

flection a particle could pass directly between the blades without an 

impacto No particles were observed that were deflected to this extent• 

The louver housing design<>--A louver housing was designed which would 

as nearly as possible give the same velocity between each of the louver 

blades and which would as nearly as possible keep the velocity of the main 

air stream down the louver face constant from inlet to blowdowno In order 

to explain the design of the louver housing it is necessary to define the 

variables which were the basis for its design0 Inlet area is the cross 

section area of the inlet to the separatoro Blowdown area is the cross 

section area of the passage in front of the end of the last blade in the 

louvero The frontal area of the louver face is the projected area of the 

louver face on a plane normal to the direction of the inlet air stream., 

The open area of the louver face is the sum of the areas of all the openings 

through the face0 The areas of the openings are measured in a plane that 



will give the maximum area,, The frontal area of a blade is the portion 

of the frontal area of the louver that is the contribution of the blade„ 

The open area of a blade is the area of the opening after the bladeo 

The design velocity between the blades is the inlet velocity times the 

ratio of the blade frontal area to the blade open area. Thus if a louver 

of constant ratio of blade frontal area to blade open area is operating 

at the design velocity between the blades the air velocity through the 

louver face is constant. 

The blades shown in Figure h are designed so that the ratio of 

blade frontal area to blade open area is one for each blade« The object 

of the louver housing design was to keep the velocity of the air stream 

down the louver face constant from inlet to blowdowno This requires first 

that the blowdown area must be selected to correspond to the blowdown flow 

desiredo For example if a blowdown flow of five per cent is desired the 

blowdown area must be five per cent of the inlet area. The blowdown area 

must be located so that the blowdown portion of the inlet air stream can 

proceed to the blowdown without changing direction. If a louver of constant 

ratio of blade frontal area to blade open area is to operate at the design 

velocity between the blades9 the frontal area of the louver and the blow­

down area must project and together form an area coincident with the inlet 

area© Otherwise the air stream down the louver face will change direction 

and speed before passing between the louver blades. Changes in direction 

or speed of the air stream down the louver face will cause a non-uniform 

pressure in front of the louver face. Such a pressure condition does not 

permit the same flow through each of the louver openings. 



There are a number of designs for louver housings that fulfill the 

requirements for keeping the velocity of the air stream down the louver 

face constanto The two dimensional separator satisfies the requirements*, 

but if it is desired to design for small blowdown flows the louver face 

must be very close to the front wall near the blowdown0 This is undesir­

able because the front wall effect will be increasedo 

The conical separator with the louver face formed into the frustrum 

of a right circular cone fulfills the requirements for uniform air velocity 

down the louver face0 In this design there is no front wall, but the front 

wall effect is still present. In the conical separator the dust particles 

willc, after impact^ cross the separator and impact the louver face dia­

metrically opposite the initial impacto If the diameter of the cone is 

small enough and the particle momentum after impact high enough^ the second 

impact will be at an angle of incidence upon the louver face such that 

separation will be difficult if not impossible0 The conical separator has 

the advantage tftat the length of the blades decreases with distance down 

the face© Fewer particles are incident upon the shorter bladesj henc® the 

shorter blades tend to compensate for the larger number of particles that 

pass through a unit length of opening between the last blades0 

A sector of a conical separator fulfills the requirements for 

uniform air velocity down the louver face and has the advantages of a 

conical separatora 

The housing for the test separator was designed to approximate a 

thirty degree sector of a conical separator,, Actually the cross section 

of the separator was an isosceles trapezoid rather than a circular sector0 
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The separator was designed to be a sector of a complete separator to 

facilitate particle path studies and so that the approximate characteris­

tics of a large separator could be determined with a small blower and 

other test equipmento The separator was constructed with a trapizoidal 

cross section rather than a circular sector to facilitate fabrication,, 

The inlet area of the separator was 9°5>3 square inches<, and the 

blowdown area was 0<>573 square inches. Thus the design blowdown for the 

separator was 6»01 per cento Simplified sketches of the separator are 

given in Figure 7o A photograph of the separator is given in Figure 80 

The outlet of the separator was placed at the upstream end of the 

louver so that the clean air makes a 180 degree turn in passing through 

the separatoro The outlet was placed so that the low velocity and high 

back pressure would be in the rear of the last blades of the louvera This 

was to keep the flow between the last blades of the louver equal to or 

smaller than the flow through the upstream blades and thereby compensate 

for the inherent poor performance of the last bladeso Thus the blowdown 

portion of the initial air stream passes down the front of the separator 

without changing speed or direction,, The clean air continues in the 

direction of the inlet air stream without changing velocity until it 

reaches the louver face0 On reaching the louver face5 the clean air makes 

a 180 degree turn in passing through the louver and then passes behind 

the louver to the outleto 

A detailed cross section showing the constructional features of the 

separator is given in Figure 9° The top of the separator was plate glasss 

and glass windows were placed in the front wall so that the particle paths 



could be observedo The bottom of the separator was held in place with 

screws and wing nuts so that it could be removed for changes in the 

separator blade assembly« One half inch pipe stiffening bars were 

welded to the separator to give it rigidityo The housing was fabricated 

of 18 gage sheet steel by welding0 The louver was a soldered assembly 

of 28 gage galvanized sheet steelo 



CHAPTER IV 

APPARATUS 

The air system„-=-The apparatus built by Matheson served as the basic 

equipment for testing the separator« A large number of rearrangements 

and alterations were necessary to make the equipment meet new require­

ments o Figure 10 and Figure 11 show the layout of the equipment0 

The air for the tests was supplied by a Servant seven stage blower 

driven by an electric motor0 The only available location for the apparatus 

necessitated a twenty-three foot run of four inch outside diameter sheet 

steel duct to bring the air from the blower to the equipmento Air from. 

the duct passed through a ninety degree elbow and a sixty inch length of 

standard three inch pipee The air then passed through a thin plate 

orifice meter and into a 15°5> inch length of standard three inch pips0 

At the exit from this length of pipe the dust was fed into the air stream0 

The three inch pipe was changed through a transition sectl.cn to the two 

inch by three inch rectangular entrance to a venturi section0 The venturi 

was to insure thorough mixing of the dust into the air stream» The two 

inch by four inch outlet of the venturi was changed by a transition section 

to the trapezoidal inlet cross sectionc Six inches of trapezoidal duct 

were provided in front of the inlet to the separator0 

The clean air stream which made a 180 degree change of direction 

in passing through the separator passes from the separator through the 

trapezoidal outlet„ The outlet cross section was changed by a transition 

sectl.cn
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section to a two inch by four inch rectangular duet0 The air stream made 

a ninety degree turn in the horizontal plane9 passed through a transition 

to a two inch by three inch ducts and made a ninety degree turn in the 

vertical plane before entering the dust collecting chambero For the out­

let from the dust chamber ,p a length of standard three inch pipe provided 

with an orifice meter was fitted into the side of the dust chamber at 

the bottom,, 

The blowdown air stream which flowed from the separator through a 

trapezoidal outlet passed through a transition to a one inch by two inch 

rectangular ducto The blowdown stream made a ninety degree turn in the 

vertical plane and passed into the blowdown dust collecting chamber0 The 

outlet from the blowdown dust chamber was a length of one and one half" 

inch standard pipe fitted with a metering orifice0 For small blowdown 

flows a calibrated flowrator was attached to the outlet pipe0 

The air flows were regulated by obstructing the blower inlet9 br 

adjusting a globe valve in the outlet from the blowdown dust chambers and 

by varying an obstruction in the inlet to the clean air dust chamber0 

Flow meters0~°Three orifice meters were incorporated in the test set up0 

The clean air orifice and the inlet air orifice were built by Mathesone 

The blowdown air orifice was rebuilt so that it would measure small flows0 

All of the orifices were located so that they would meter dust free air0 

The inlet air orifice was provided with a sixty inch run of straight pipe 

upstream and a 15 S inch run down stream0 It was considered that these 

lengths were sufficient to insure that the orifice coefficients published 

by ASME were applicable to the inlet air orifice within the degree of 



accuracy required for this work* This orifice was used as is explained 

in the appendix to calibrate the other two orifices., All of the orifices 

were bolted between screwed flanges and were provided with standard flange 

pressure taps one inch upstream and one inch down stream from the respective 

orifice-faceso Up stream static pressure taps were provided for each ori­

fice,, and the air temperature was measured up stream of the inlet air 

orifice0 The static and differential pressures were measured with U 

tube manometers filled with watero The design and calibration of the 

orifices are given in Appendix EQ 

For low blowdown flows the flow rate was measured with a calibrated 

flowrator0 The flowrator was attached to the end of the outlet from the 

blowdown dust chamber0 The range of calibration of the flowrator and the 

blowdown orifice overlapped and provided a check point on the calibrations0 

Past collection chambers and dust bagso—The dust collection chambers were 

cylindrical cans with flanged tops0 The covers were connected to the ducts 

coiJiing to the chambers and were secured to the flange by means of screws 

and wing nuts0 The dust collecting bags were Electrolux Cleaner bags0 

The clean air bag was four Electrolux bags sewed end to end and the blow-

down bag was only one bago The bags were sealed in place by clamping the 

flanged metal and rubber mouth of the bag between the flange on the top 

of the collecting can and the cover for the canQ The wing nuts and screws 

provided the pressure for the seal and made disassembly for weighing easyc 

The outlets from the chambers were fastened into the sides near the bottom0 



Dust feed.~°A dust feeder, Figure 12, with a wide range of rates of feed 

was designed and built. The rate of feed ranged from 2.72 grams per 

minute to 255 grams per minute. The feeder was essentially a hopper 

closed at the bottom by a vibrating trough. The rate of feed was varied 

by adjusting the opening between the bottom of the hopper and the trough. 

The dust from the trough fell into a second hopper which opened at the 

bottom into an air injector. The injector, operated by compressed airs 

picked up the dust from the trough and some air from the room and injected 

them into the air stream entering the separator. 

With the dust used for the experiment, the dust feeder provided a 

uniform and constant concentration. The feeder was consistent in its rate 

of feed so long as the rate setting was not changed, but it was time 

consuming to set the feeder at some desired rate of feed. A less sensitive 

means of changing the position of the trough would eliminate this difficulty0 

It is obvious that the feeder is not at all suitable for a dust that will 

not flow from a hopper0 

Miscellaneous equipment.~~A wet-dry bulb thermometer, a barometer5 a balance 

sensitive to 0.1 grams and a stop watch were also used in conducting the 

tests. 
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CHAPTER V 

PROCEDURE 

When the apparatus was ready for a run the blower was started and 

the air flows set at the desired rates. The compressed air supply to 

the dust feeder was also turned on. The blower was run until the inlet 

air temperature became constant at about ten degrees above room temperature• 

This was to allow the dust bags to come to constant moisture content. The 

manometer readings for a desired flow were found by estimating the up­

stream density and then referring to the orifice calibration curves„ 

While the air temperature was increasing to the operating values 

the dust feeder was set at the desired rate by measuring the time required 

for a known weight of dust to pass from the hopper. The feeder could be 

set without feeding the dust into the separator. 

After the feeder was set and the air temperature had become constant, 

the blower was stopped and the empty dust bags were removed from the collecting 

chambers^ weighed and replaced as rapidly as possible., It was not necessary 

to shut off the dust feeder air supply during the removal of the dust bags0 

Immediately after the dust bags had been replaced., the blower was started, 

While the air temperature was again stabilizing, a 68 gram sample of dust 

was weighed out in a beaker. This sample was used for each run because 

larger samples clogged the dust bags and appreciably changed the air flow 

rates during the run. The dust hopper was put in place empty and the 



vibrator started. At this time the flow rates were checked and readjusted 

if necessary. The right and left legs of the manometers measuring static 

and differential pressures on the orifices were read and recorded. If 

the flowrator was in use on the blowdown its reading replaced the mano­

meter readings for the blowdown orifice. Also the air temperature9 the 

wet and dry bulb room temperatures and the barometer pressure were read 

and recorded. 

With this data taken the dust sample was poured into the dust feeder 

and at the same time the stop watch was started. The apparatus was watched 

closely for any irregularities during the run. As the dust emptied from 

the feeder the stop watch was stopped, and the length of the run recorded0 

The manometers measuring differential pressure on the orifices were again 

read and averaged with the readings at the start of the run. 

The blowdown valve was then opened wide to blow out dust that tended 

to collect in the blowdown duct. At low blowdown air flows and especially 

at zero blowdown flow, it was necessary to use compressed air to blow out 

dust that collected in a corner of the blowdown section of the separator0 

For low total air flow rates it was necessary to increase the total air 

flow to blow out dust that collected in the clean air ducto 

After all the dust that had settled out in the apparatus had been 

blown into the dust bags, the blower was stopped; and the dust bags were 

removedc, weighed, emptied, weighed again, and returned as quickly as 

possibleo The speed was necessary because the clean air dust bag on 

standing in the room about fifteen minutes would absorb about one gram of 

moisture. When the bags were again in place, the blower was started so 

that the bags would not absorb moisture before the next run„ 



The weights of dust collected in the clean air bag and in the blow-

down bag were calculated. If the difference between the total dust 

collected and the dust input was five grams or more the run was repeated, 

A curve of the ratio of dust collected in the clean air bag to dust in­

put versus the independent variable for the series of runs was plotted,, 

If a run did not follow the trend of the data, it was repeated for 

verification. 

Twenty runs were made. Runs one through ten were to determine the 

effect of the blowdown flow on dust separation. Runs eleven through 

fifteen were to determine the effect of initial dust concentration on 

dust separation. Runs sixteen through twenty were to determine the effect 

of initial air velocity on dust separation and pressure drop through the 

separator. 
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CHAPTER VI 

DISCUSSION OF RESULTS 

Effect of blowdown.—The effect of blowdown air flow on dust separation 

is shown in Figure 13. The point at which the performance of the 

separator breaks and decreases sharply is significant. This point is 

at about six per cent blowdown which is the blowdown for uniform velocity 

down the louver face. Thus as would have been predicted from the particle 

path studies, the performance of the separator is decreased if the velocity 

of the air stream decreases as it passes down the louver face*, 

It is interesting to examine Matheson's plot of the variation of 

dust separation with blowdown. (h) Matheson's apparatus when set for 

22<,5> degree face angle would have operated with a uniform velocity down 

the louver face at a blowdown of about thirty per cent. Matheson's 

extrapolated performance curve breaks at a blowdown of about thirty per 

cent as would be predicted. Thus it is concluded that the performance 

of the louver separator is decreased sharply if the ratio of blowdown air 

flow to total air flow is much less than the ratio of blowdown area to 

inlet area. 

Effect of initial dust concentration.—The effect of initial dust con­

centration on dust separation is shown in Figure lh. The results show 

that the per cent of the dust that is separated is almost independent 

of the initial dust concentration. This is in agreement with Harwell {$)„ 
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The trend is to a slightly increased separation with increasing initial 

concentrations. This is probably due to collisions between the particles 

in the air stream* 

Effect of initial air velocity.—The effect of initial air velocity on 

dust separation is given in Figure 1$« This part of the test showed that 

to a large extent the performance of the separator is independent of the 

initial air velocity. The trend was to a slightly increased performance 

with decreased initial air velocities. In Matheson's test the trend was 

to improved performance at higher velocities. The fact that the performance 

is independent of initial air velocity is important in view of the variation 

of the pressure drop through the separator with initial air velocity.. Figure 

16 shows that the pressure drop through the separator increases rapidly with 

increasing initial air velocity. Thus at low initial air velocities the 

separator will separate the dust without absorbing the power that it would 

at high velocities. 

It is felt that the range of initial air velocities tested covert 

the range that is important. Higher velocities than those tested are im­

practical because of the high pressure drop through the apparatus© 7@loc-

ities lower than those tested would not transport the large dust particlest. 

The particle path observations also showed that the initial air 

velocity did not have a marked effect on the particle paths. 
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CHAPTER VII 

PARTICLE SIZE DISTRIBUTIONS 

The dust that was used throughout the tests was the Norton 

Company's Alundrum abrasive with a manufacturer's grain size classifica­

tion of 2l|0,, This abrasive is aluminum oxide which has a specific 

gravity of about four, 

Five dust samples were studied. The first was a sample of the 

input dust. The second and third samples were from the clean air bag 

and the blowdown bag with the separator operating at a low initial air 

velocity5 and the last two samples were with the separator operating at 

a high initial air velocity, 

The particle sizes were determined by the standard method for 

determining particle sizes by microscopic measurements, (6) A microscope 

slide was prepared from each sample. The slide was made by mixing the 

dust with a 20 per cent collodium 1|0 per cent butyl acetate mixturec A 

drop of the mixture was dropped on the surface of a beaker of water0 The 

drop spread into a thin film thus giving an even dispersion of the dust 

particles. The film was then lifted from the surface of the water with 

a glass slide. After drying the slide was ready for study, 

The slide was placed under a microscope fitted with a filar micro= 

meter which had been calibrated with a stage micrometer. The size of 200 

particles in each sample was measured. Every particle in a field of view 

was measured. Size frequency curves^ Figure 17 through Figure 1°5 were 
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plotted from the results. It was found that the dust particles were far 

from being uniform in size. The particle size ranged from about 120 

microns to below three microns. Three microns was the approximate lower 

limit of particle size that could be measured with the microscope used, 

The particle size frequency plots show that the separator was more 

effective on particles above 1+0 microns than on those below 1;0 microns 0 

The most important fact that was brought out by the particle size deter= 

minations was that the separator was effective on particles as small as 

ten microns. This is evident because of the high frequency of occurence 

of particles of this size in the blowdown dust. 

The mean weight diameter for the input dust was found to be 1+9 

microns. The mean weight diameter was computed by the formula (7) 

D " 7 ^ 

whereg n = the number of particles in any size group 

D = the mean diameter of the size group 

Z ~ summation 

The mean weight diameter is the diameter of a particle such that if the 

weight of this particle is divided into the total weight of a sample the 

result will be the total number of particles in the sample. That is, it 

is the diameter of the particle of average weight. The mean weight diameter 

may be in error because the number of large particles that were measured 

was so small that the measurement of one or two more large particles would 

appreciably effect the mean weight diameter. 

The mean diameter for the input dust sample was 25> microns0 
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CHAPTER VIII 

IDEALIZED ANALYSIS OF PARTICLE PATHS 

Particle paths near an opening through the louver,—In order to under­

stand better the action of the separator an idealized analysis of the 

particle paths has been developed. This analysis is helpful in under­

standing the results of the tests and it may prove helpful in predicting 

the effect of other variables not studied at this time. The analysis is 

in two parts, the first being an analysis of the drag effect on a particle 

as it passes an opening between the blades, and the second being an analysis 

of a particle path after an impact with the inclined portion of a louver 

blade. 

It is assumed that the dust particles are smooth spheres. The dust 

particle that just misses the tip of a blade is analyzed and it is assumed 

that the particle passes the tip of the blade with a velocity equal to the 

velocity of the air stream down the louver face. It is also assumed that 

the particle is traveling in the direction of the inlet air stream. As 

the particle passes the blade tip it passes into the air stream that is 

flowing between T,he blades. It is assumed that this air stream is of 

uniform velocity directed between the blades and is perpendicular to the 

inlet air stream. The assumptions about the air flow are admittedly only 

rough approximations. 

Let x be the measure of the distance down the louver face in the 

direction of the inlet air stream. Let y be the measure of the distance 



through the louver face normal to x. Let the tip of the blade which the 

particle just misses be x = 0, y = 0, Let t • 0 be the time at which the 

particle in question passes through x = 0, y » 0. 

The differential equation governing the x motion of the particle 

after t a 0 i s 

d V x Vx 
m ^r + c
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with the initial conditionss 

t 

where 

0 

n 

x 

'd 

A 

XT 

*.&. 

V V. x 'xa 

x = 0 

- the mass of the particle 

« the x velocity of the particle 

= the coefficient of drag 

=* the projected area of the particle 

-fr " the density of the air 
d 

=* the x velocity of the particle relative to 

the air and V =» V 
xr x 

- the velocity of the air stream down the 

louver face. 

Because of the turbulence of the main air stream, the coefficient 

of drag for the particle is taken equal to O.liU* the value for fully de­

veloped turbulent motion of the air1 about the particle. This is in 

accordance with DallaValie* (8) Although the average velocity of the 
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particle relative to the air over some short time interval may not be high 

enough to satisfy the criteria for fully developed turbulent motion of the 

air about the particle, the turbulent fluctuations of the air stream cause 

the instantaneous relative velocity between the air and the particle to 

be high enough for turbulent motion of the air about the particle*, Hence 

if the air stream through which the particle is passing is itself in 

turbulent motion^ the motion of the air about the particle will be turbulent 

regardless of the value of the average relative velocity between the air 

and the particle0 

The differential equation governing the y motion of the particle 

after t * 0 is 

w2 
11 

d t u r'° 2 
- 1 ~ C A f - ^ = 0 

with the i n i t i a l conditions 

0 
V = 0 

y 

v = 0 

where8 V =* the y velocity of the particle 

V = the y velocity of the particle relative 

to the air and V = V = V 
yr ya y 

V = the velocity of the air stream between 
ya J 

the louver blades «> 

On solving the two differential equations and eliminating the para= 

meter t, the equation of the particle path is 
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Dfn 
V = 0.33 f 

0.33 fQx 

l¥(e P • 
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V 
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0.33 fax 

Dfn 
l) + l 

whereg D ~ the diameter of the particle 

f = the density of the particle 

f the density of the air, 

The details of the solution are given in Appendix D. 

It is important that velocity appears in the expression only as 

the ratio V /V which is the ratio of the velocity of the air down the ya' xa J 

louver face to the velocity of the air between the louver blades,, This 

shows that the particle paths near the openings between the blades are 

independent of the initial air velocity becuase if the initial air velocity 

is changed, the velocity between the blades will be changed by the same 

ratio, and the ratio of the velocity down the louver face to the velocity 

between the blades will remain unchanged,, 

For a separator operating with uniform velocity down the louver 

face9 the V /V ratio is determined by the ratio of blade frontal area J yaf xa J 

to blade cpen area. Since the V /V ratio is the factor which determines 
ya' xa 

the deflection of a given particle, the expression shows that the particle 

deflection may be decreased by lowering the ratio of blade frontal area to 

blade open area., 

If as has been previously discussed a louver is operating with a 

decreasing velocity down the louver face, the velocity between the last 
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blades is high and the velocity down the face in front of the last blades 

is low. Thus the last blades will have a high V N ratio and a corre-
to ya' xa 

sponding large particle deflection, 

The particle path expression shows how the size of a particle 

affects its path. The paths of a five micron and of a ten micron particle 

have been plotted in Figure 20, The plot shows that the deflection of 

a ten micron particle is small and that the deflection of larger particles 

is even less than that for the ten micron particle. The small deflection 

of the ten micron particle apparently explains the effectiveness of the 

separator on particles as small as ten microns, 

The curves of Figure 21 have been plotted in order to bring out 

more clearly how the size of a particle affects it deflection. The curves 

show the deflection^ y5 after 0,25* inches travel in the x direction for 

different particle sizes. Curves are also plotted to show the effect of 

iifferent V /V ratios. y a xa 

The expression for the particle paths indicates that particles of 

the same density diameter product should have the same particle paths0 

rarti?le paths after impact with the inclined portion of the louvre blade,— 

A similar analysis can be made of the particle paths after an impact with 

the inclined portion of the louver blade. As before the particles are 

assumed to be spheres. It is assumed that the particle in question travels 

in a straight line in the direction of the inlet air stream and impacts 

the inclined blade surface near the tip. Since the blade is at 1J5 degrees 

to the inlet air stream the assumed spherical particle will rebound with 
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a velocity normal to the inlet air stream. Let x be the measure of the 

distance down the louver face in the direction of the inlet air stream,, 

Let y be the measure of the distance normal to x away from the louver 

faceo Let the point of impact be the point x = 0, y = 0 „ Let t = 0 be 

the instant of impact„ Let V be the velocity of the particle after 

impact© If it is assumed that the particle rebounds into an air stream 

of uniform velocity, V s the differential equations governing the motion 
xa 

of the pa r t i c l e af ter t - 0 are 
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the y velocity of the particle 

the y velocity of the particle relative to 

the air and V = V 
yr y 
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V = the y veloci ty of the pa r t i c l e the instant 

after impact. 

On solving the two d i f fe ren t ia l equations and eliminating the para­

meter ts the equation of the pa r t i c l e path i s 

Dt V 

0.33 fQy 0.33 fQy 

0.33 f yo 

V D t 

V 
yo 

e f I 

The details of the solution are the same as for the solution of the paths 

near a louver opening, 

In this expression for the particle paths the ratio V /V is 

important. If it is assumed that the particle before impact is traveling 

with the velocity of the air down the louver face, then the ratio V N 
J 3 xa' yo 

is the ratio of the speed of the particle before impact to the speed of 

the particle after impact,. It seems reasonable that the ratio of the speed 

of the particle before impact to the speed of the particle after impact 

will be about the same regardless of the initial velocity« If this is 

true then the initial air velocity will not affect the particle paths 

after impact„ Observations of the particle paths after impact did not 

reveal a marked change of the paths with changes in the initial air 

velocityo 
The paths for four different particle sizes are plotted in Figure 

22o A value of eight for the V /V ratio was arrived at for these curves, 
xa yo 


