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57 ABSTRACT 

A bulk material conveying system includes a closed cham 
ber having an inlet and an outlet and a conveyor commu 
nicating with the chamber outlet for receiving bulk material 
from the chamber. A pressurized gas is supplied to the upper 
portion of the chamber and to the conveyor to provide a 
pressure differential in the chamber which causes the bulk 
material in the chamber to flow through the outlet and 
conveyed through the conveyor. A pressure regulator is 
provided for automatically maintaining the pressure in the 
upper portion of the chamber at a predetermined value not 
to exceed a pressure sufficient to maintain the pressure 
differential during normal material flow rate conditions. 

20 Claims, 2 Drawing Sheets 
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APPARATUS AND METHOD FOR 
PNEUMATICALLY CONVEYNG BULK 

MATER ALS 

This is a continuation of application Ser. No. 07/683,734 
filed on Apr. 11, 1991, now abandoned. 

BACKGROUND OF THE INVENTION 

This invention relates to a bulk material conveying system 
and more particularly to such a system having improved 
material flow control means providing a shorter cycle time 
and an increased material throughput. 

In the prior art, there has been developed a type of system 
for transporting batches of bulk material which generally 
consists of a pressure vessel in which the material to be 
transported is charged, a pneumatic conveying line commu 
nicating with a lower outlet port of the vessel for receiving 
material therefrom, and a gas supply system having a first 
branch line for supplying gas under pressure to the material 
conveying line for conveying material received from the 
vessel through the conveying line to a remote site, and a 
second branch line for supplying gas under pressure to an 
upper portion of the pressure vessel to pressurize the vessel 
and thus cause material to be force-fed from the vessel into 
the conveying line. 

Typically, there is provided in such systems a shut-off 
valve, a manually operable flow control valve in the first 
branch line, and a manually operable flow control valve in 
the second line. In the operation of such a system, a batch of 
material is first loaded into the vessel. The shut-off valve is 
then opened to pressurize the branch lines and the flow 
control valve in the first line is opened and adjusted manu 
ally to provide a conveying pressure at the point of entry of 
the material from the vessel to the conveying line, in the 
range of 20 to 50 psi. The flow control valve in the second 
branch line is then opened and adjusted manually to provide 
a pressure in the upper portion of the vessel and further 
provide a pressure differential in the vessel in the range of 
2 to 4 psi, ideally providing a flow rate of material in the 
conveying line of 20 to 25 ft/sec. 

It has been found that such prior art systems have several 
disadvantages. By adjusting the valve in the second branch 
line to a restrictive setting sufficient to provide the desired 
operating pressure in the upper portion of the vessel, a 
prolonged time is required to pressurize the vessel thus 
correspondingly increasing the cycle time of the system and 
decreasing the material throughput. In addition, upon an 
overfeeding of material from the vessel into the conveying 
line and the possible occurrence of a partial or complete 
blockage of material in the conveying line, and a corre 
sponding increase in pressure in the first branch line perhaps 
tending to remove such blockage, a corresponding increase 
in pressure develops in the upper portion of the vessel. The 
effect of such pressure increase in the upper portion of the 
vessel is to continue to feed material into the conveying line 
and thus compound the blockage problem. Upon removal of 
the blockage and a slow dissipation of the increased pressure 
in the conveying line, the increased pressure in the upper end 
of the vessel often has the effect of again overfeeding the 
conveying line and causing blockage to reoccur. It thus has 
been found to be desirable to provide a bulk material 
transport system of the type described having an improved 
flow control means which will have the effect of eliminating 
such disadvantages. 

SUMMARY OF THE INVENTION 

Accordingly, it is the principal object of the present 
invention to provide an improved bulk material transporting 
system. 
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Another object of the present invention is to provide a 

bulk material transporting system having improved material 
flow control means. 
A further object of the present invention is to provide a 

system for transporting batches of bulk materials in which 
the cycle time of the system is decreased and the material 
throughput is increased. 
A still further object of the present invention is to provide 

a system for transporting bulk material providing automatic 
material flow control which will improve system efficiency. 

Another object of the present invention is to provide a 
system for transporting bulk material in which there is 
provided automatic control of the flow of material from a 
vessel into a transporting line. 
A further object of the present invention is to provide an 

improved system for transporting bulk material which is 
simple in design, effective in performance, and efficient in 
operation. 

Another object of the present invention is to provide an 
improved method of transporting bulk materials. 
The foregoing and other objects of the invention are 

achieved with a bulk material conveying system including a 
closed chamber having an inlet and an outlet and a conveyor 
communicating with the chamber outlet for receiving bulk 
material from the chamber. A pressurized gas is supplied to 
the upper portion of the chamber and to the conveyor to 
provide a pressure differential in the chamber which causes 
the bulk material in the chamber to flow through the outlet 
and conveyed through the conveyor. A pressure regulator is 
provided for automatically maintaining the pressure in the 
upper portion of the chamber at a predetermined value not 
to exceed a pressure sufficient to maintain the pressure 
differential during normal material flow rate conditions. 

Other objects and advantages of the present invention will 
become more apparent to those persons having ordinary skill 
in the art to which the present invention pertains from the 
following description taken in conjunction with the accom 
panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view of a bulk material transporting 
system embodying the present invention; 

FIG. 2 is an enlarged, cross-sectional view taken along 
line 2-2 in FIG. 1, 

FIG. 3 is a view taken along line 3-3 of FIG. 2, having 
portions thereof broken away; 

FIG. 4 is a graph illustrating the pressure in the upper end 
of a pressure vessel of the type described, as a function of 
time, representative of a comparable prior art transporting 
system; and 

FIG. 5 is a graph illustrating the pressure in the upper end 
of a pressure vessel of the type described, as a function of 
time, representative of an embodiment of the present inven 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to the drawings, there is illustrated a bulk 
material transporting system 10 generally including a pres 
sure vessel 12, a pneumatic conveying line 14 for transport 
ing material received from the vessel to a remote site, and a 
gas supply system 16. The vessel includes an intermediate 
section 18, allower, inverted conical section 20 connected to 
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a material receiving unit 22, and an upper section 24 
provided with a material inlet 26. Batches of material 
charged into the pressure vessel through material inlet 26 are 
adapted to be force-fed through material receiving unit 22 to 
conveying line 14 to be pneumatically conveyed to a remote 
site in the conventional manner. 
As best seen in FIGS. 2 and 3, material receiving unit 22 

is secured to the lower end of the pressure vessel. The unit 
includes a pipe section 28 and a funnel section 30 which 
communicates with the interior of pipe section 28 for 
guiding material into the pipe section. The upper end of 
funnel section 30 is provided with an annular flange 32 
which is adapted to be secured to a comparable mounting 
flange on the lower end of the conical section of the pressure 
vessel to allow material to flow from the pressure vessel to 
pipe section 28. The pipe section is provided with a pair of 
annular mounting flanges 34 and 36. A nozzle assembly 38 
is mounted on flange 34 and mounting flange 36 is secured 
to a comparable flange of another pipe section forming a part 
of pneumatic conveying line 14. 

Nozzle assembly 38 includes an internally threaded sup 
port flange 40 secured to mounting flange 34 by a set of bolt 
and nut fasteners, an externally threaded nozzle tube 42 
threaded into the support flange and extending into pipe 
section 28 to a point below the funnel section of unit 22, and 
a locking ring 44 threaded onto nozzle tube 42 and adapted 
to bear against support flange 40 for locking the nozzle tube 
in a desired position. As best illustrated in FIG. 3, a nozzle 
46 is threaded into a leading internally threaded end of the 
nozzle tube to provide an orifice 48. The trailing end of the 
nozzle tube is adapted to be connected to the gas supply 
system 16 through an adapter 50. It will be appreciated that 
by backing off the locking ring and rotating the nozzle tube, 
the position of the nozzle may be adjusted relative to the 
funnel section to alter the flow characteristics of the material 
being fed from the pressure vessel into the pneumatic 
conveying line. Once the positioning of the nozzle has been 
set, it may be fixed in place by running the locking nut up 
into engagement with the support flange. The flow charac 
teristics of the unit further may be altered by the use of 
nozzles with orifices of different sizes. 
Gas supply system 16 includes a main supply line 52 

connected to a source of gas under pressure, a first branch 
line 54 and a second branch line 56. The main supply line 
includes a shut-off valve 58. Branch line 54 interconnects 
the main supply line and nozzle assembly 38 through 
adapter 50, and includes a manually operated flow control 
valve 60. Branch line 56 interconnects the main supply line 
and upper portion 24 of the pressure vessel through an inlet 
port 62, and is provided with a pressure regulating valve 64. 
Shut-off valve 58 is of a conventional type and functions to 
supply fluid under pressure from a source in the range of 80 
to 100 psi to the two branch lines. Flow control valve 60 is 
manually operable to provide a pressure in the material 
receiving unit 22 at the point of entry of material therein in 
the range of 20 to 50 psi. Pressure regulating valve 64 is 
operable automatically initially to open fully to rapidly 
pressurize the upper portion of the pressure vessel to a 
pressure at 80 to 90% of a predetermined pressure in the 
order of 40 psi, sufficient to maintain a pressure differential 
in the pressure vessel in the range of 2 to 4 psi, and then to 
restrict the pressure in the pressure vessel to the predeter 
mined pressure. In essence, valve 64 functions to rapidly 
pressurize the upper portion of the pressure vessel to the 
predetermined operating pressure, to create and maintain a 
pressure differential in the vessel, and then to isolate the 
upper end of the pressure vessel from the main gas supply 
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4 
line to prevent a pressure build-up in the upper portion of the 
pressure vessel. 

In the operation of the system as described, with valve 58 
closed, material inlet port 26 is opened to load a batch of 
material to be conveyed into the pressure vessel up to a level 
just below gas inlet port 62, as determined by a high level 
switch 24a, and the material inlet port is closed. Shut-off 
valve 58 is then opened to provide gas under pressure to 
branch lines 54 and 56. Gas flows through preset control 
valve 60 to pressurize conveying line 14. Sequentially, 
pressure regulating valve 64 will open fully to rapidly 
pressurize the upper portion of the pressure vessel. Pressure 
regulating valve 64 will remain widely open until the 
pressure in the upper portion of the vessel reaches 80 to 90% 
of the desired operating pressure. At such point, the desired 
pressure differential will be established in order to force feed 
material from the pressure vessel into the conveying line at 
a controlled flow rate to maximize throughput. Thereafter 
pressure regulating valve 64 will operate to maintain the 
pressure in the upper end of the pressure vessel at a value 
sufficient to maintain the desired pressure differential to 
provide the desired flow rate of material being fed into the 
conveying line. Steady state conditions thus will be estab 
lished with the flow rate of material in the conveying line 
being in the range of 20 to 25 ft/sec, depending on the nature 
of the product being transported. 
Whenever overfeeding occurs, there will be a build-up of 

pressure in branch line 54 caused by an excess of material 
or a blockage in the conveying line. As such pressure 
build-up occurs in branch line 54, pressure regulating valve 
64 will function to isolate the upper portion of the pressure 
vessel from the main gas supply line and prevent a similar 
pressure build-up to occur in the upper portion of the 
pressure vessel which otherwise would have the effect of 
continuing to overfeed material into the conveying line 
compounding the blockage problem or causing blockage to 
reOCC. 

Upon emptying the vessel, valve 58 is closed, the vessel 
is vented through conveying line 14 to reduce the pressure 
in the vessel and the system is then ready for the cycling of 
another batch of material. 
The use of a pressure regulating valve in the gas supply 

line for pressurizing the upper portion of the pressure vessel 
has three principal advantages over the use of a manually 
adjustable valve which is the common practice in the prior 
art. Firstly, the pressure regulating valve allows the pressure 
in the upper portion of the vessel to build up rapidly so as 
to reduce cycle time and correspondingly increase material 
throughput. This is best illustrated by the graph shown in 
FIGS. 4 and 5. FIG. 4 illustrates the pressure in the pressure 
vessel of a prior art system as a function of time. At an 
operating pressure of 40 psi, it is to be noted that approxi 
mately 45 seconds are required for the upper portion of the 
pressure vessel to reach operating pressure, and the cycle 
time is approximately 80 seconds. FIG. 5 illustrates the 
pressure in a comparable pressure vessel of the present 
invention, also as function of time. In contrast to the 
performance of the prior art system, it will be noted that at 
the same operating pressure, approximately 20 seconds are 
required to reach operating pressure in the proposed system 
and the cycle time is reduced to approximately 60 seconds, 
providing a throughput increase of 33% percent. 

Secondly, the pressure regulating valve functions to iso 
late the upper portion of the pressure vessel from the main 
gas supply line and thus prevent the pressure in the upper 
portion of the pressure vessel from exceeding a value 
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sufficient to provide a pressure differential corresponding to 
flow conditions in the conveying line. This has the effect of 
preventing an increased pressure differential during an 
excess of material or a blockage condition in the conveying 
line which would further compound feeding material into 
the conveying line during blockage, or during a period 
following the removal of a blockage and a slow dissipation 
of pressure in the conveying line which could have the 
further effect of causing a reoccurrence of blockage in the 
conveying line. Essentially, by preventing a pressure build 
up in the upper portion of the pressure vessel as is common 
in prior art systems, blockage removal in the conveying line 
is facilitated rather than compounded. 

Thirdly, the use of the pressure regulator in line 56 
provides automatic control of the flow of material from 
vessel 12 to conveying line 14. When conveying product, the 
rate of discharge of the material from the vessel into the 
conveying line will vary as the material characteristics 
change. A decrease in the flow rate of material in conveying 
line 14 will decrease the pressure in the conveying line but 
the pressure regulator will maintain the set pressure in the 
upper portion of the vessel. Under such circumstances, there 
will be an increase in the pressure differential that will 
increase the rate of flow material from the vessel into the 
conveying line. As product flow increases, the conveying 
line pressure increases to decrease the pressure differential 
and prevent overfeeding. Essentially, the pressure differen 
tial changes responsive to conveying line pressure. 
Assuming the pressure in the upper portion of the vessel 

is P and the conveying line pressure is P, there will be a 
pressure differential of P-P or AP P will remain constant 
due to the operation of pressure regulator 64. P will vary 
depending on the rate of flow of material in the conveying 
line. If AP remains constant, the feed rate will remain 
constant to provide the desired feed rate under steady state 
conditions. If P decreases due to a lower feed rate of 
material into the conveying line, AP will increase to corre 
spondingly increase the feed rate. If P increases due to a 
higher feed rate into the conveying line, AP will decrease to 
correspondingly decrease the feed rate of material flowing 
from the vessel to the conveying line. With P remaining 
constant and P. varying, AP correspondingly will be caused 
to vary depending on variations in P to provide the auto 
matic control of the rate of flow of material from the vessel 
into the conveying line. 

In the preferred embodiment of the system, a gas supply 
pressure of 80 to 100 psi is provided. The pressure of the 
conveying line at the point of entry of material being fed 
from the pressure vessel is in the range of 20 to 50 psi. This 
pressure varies according to the length of the conveying line 
and the quantity and flow characteristics of the material 
being transported. The amount of positive pressure applied 
to the top of the material in the vessel determines the rate at 
which material will flow out of the pressure vessel. Typi 
cally, a pressure differential of 2 to 4 psi is provided to 
provide a rate of flow of material in the conveying line in the 
range of 20 to 25 ft/sec. 
From the foregoing detailed description, it will be evident 

that there are a number of changes, adaptations, and modi 
fications of the present invention which come within the 
province of those persons having ordinary skill in the art to 
which the aforementioned invention pertains. However, it is 
intended that all such variations not departing from the spirit 
of the invention be considered as within the scope thereof as 
limited solely by the appended claims. 
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We claim: 
1. A bulk material conveying system comprising: 
means defining a closed chamber having a bulk material 

inlet and a bulk material outlet, said chamber including 
an upper portion; 

bulk material conveying means communicating with said 
bulk material outlet of said chamber for receiving 
material therefrom and conveying said material down 
stream from said chamber, said upper portion being 
isolated from a portion of said conveying means down 
stream from said chamber except at said bulk material 
outlet, 

means for supplying gas under pressure to said upper 
portion of said chamber to pressurize said upper portion 
at an upper chamber pressure and to said conveying 
means to pressurize said conveying means at a con 
veying means pressure so as to provide a pressure 
differential in said chamber between said upper cham 
ber pressure and a pressure at said bulk material outlet 
causing said material therein to flow through said bulk 
material outlet and be conveyed through said convey 
ing means at a predetermined flow rate, and 

means disposed in and communicating with said supply 
ing means for automatically maintaining said upper 
chamber pressure at a predetermined pressure regard 
less of said bulk material outlet pressure while said 
pressure differential varies solely in response to flow 
conditions of said material in said conveying means 
whereby upon a decrease in a flow rate of said material 
in said conveying means below said predetermined 
flow rate and a corresponding decrease in said bulk 
material outlet pressure, said pressure differential shall 
automatically increase to correspondingly increase the 
flow rate of said material fed into said conveying 
means, and upon an overfeeding condition resulting in 
an increase in the flow rate of said material in said 
conveying means above said predetermined flow rate 
and a correspondingly increase in said bulk material 
outlet pressure, said pressure differential shall auto 
matically decrease to correspondingly decrease the 
flow rate of said material being fed into said conveying 

CalS. 

2. A system according to claim 1 wherein said predeter 
mined flow rate of said material in said conveying means is 
in a range of 20 to 25 ft/sec. 

3. A system according to claim 1, wherein said gas under 
pressure is at a pressure in a range of 80 to 100 psi. 

4. A system according to claim 1 wherein said pressure 
differential is in a range of 2 to 4 psi. 

5. A system according to claim 1 wherein said conveying 
means communicates with said bulk material outlet of said 
chamber at a point of entry, and the gas pressure at said point 
of entry is in a range of 20 to 50 psi. 

6. A system according to claim 1 wherein said pressure 
maintaining means is operable to cause said gas to freely 
flow into said chamber until 80 to 90% of a pressure 
sufficient to maintain said pressure differential is reached, 
whereupon said pressure maintaining means functions to 
allow said gas to flow into said chamber at a restricted rate 
until said predetermined pressure is reached. 

7. A system according to claim 1 wherein said pressure 
maintaining means comprises a pressure regulator. 

8. A system according to claim 1 further including means 
for manually adjusting said conveying means pressure. 

9. A system according to claim 1 wherein said gas 
supplying means for supplying said gas to said conveying 
means includes a nozzle. 
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10. A system according to claim 1 wherein said pressure 
maintaining means is operable to rapidly pressurize said 
chamber to said predetermined pressure and thereafter main 
tain said predetermined pressure during each operating cycle 
of said system. 

11. A system according to claim 1 wherein said pressure 
maintaining means is operable to communicate the upper 
portion of said chamber with said gas supplying means until 
said chamber is pressurized to said predetermined pressure 
and then to isolate the upper portion of said chamber from 
said gas supplying means to prevent an increase in pressure 
in said chamber above said predetermined pressure. 

12. A system according to claim 1 wherein said pressure 
maintaining means is operable for sequentially rapidly pres 
surizing said chamber to a pressure in the range of 80 to 90% 
of said predetermined pressure, continuing to pressurize said 
chamber at a reduced rate to said predetermined pressure, 
and then maintaining said predetermined pressure. 

13. A method of conveying bulk material in a material 
transport system including means defining a closed chamber 
and means for pneumatically conveying said material com 
municating with said chamber for receiving said material 
therefrom, comprising: 

introducing a batch of said material to be conveyed into 
said chamber, 

supplying gas under pressure to said conveying means at 
a first pressure sufficient to cause a flow of said material 
received from said chamber along said conveying 
means to a remote location; 

Supplying a supply of gas under pressure to an upper 
portion of said chamber to pressurize said chamber to 
a second pressure above said first pressure to provide a 
pressure differential causing said material in said cham 
ber to be force-fed into said conveying means; and 

restricting the supply of gas under pressure to the upper 
portion of said chamber via a restricting means dis 
posed in and communicating with the supply of gas 
under pressure to prevent a pressure in the upper 
portion of said chamber from exceeding said second 
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pressure while permitting said pressure differential to 
vary solely in response to the flow conditions in the 
conveying means. 

14. A method according to claim 13, wherein said gas 
under pressure is at a pressure in a range of 80 to 100 psi. 

15. A method according to claim 13 wherein said first 
pressure is in a range of 20 to 50 psi. 

16. A method according to claim 13 wherein said pressure 
differential is in a range of 2 to 4 psi. 

17. A method according to claim 13 wherein said second 
pressure is in a range of 20 to 50 psi. 

18. A method according to claim 13 further including 
initially rapidly pressurizing said chamber to said second 
pressure and thereafter maintaining said second pressure, 
during each operating cycle of the system. 

19. A method according to claim 13 further including: 
communicating the upper portion of said chamber with a 

source of system operating pressure until said chamber 
is pressurized to said second pressure while commu 
nicating said conveying means with said source of said 
system operation pressure to pressurize said conveying 
means to said first pressure to provide said pressure 
differential, and 

isolating the upper portion of said chamber from said 
source of said system operating pressure upon the 
upper portion becoming pressurized to said second 
pressure whereby any change in pressure in said con 
veying means will not alter the pressure in the upper 
portion of said chamber. 

20. A method according to claim 13 further including 
sequentially: 

rapidly pressurizing said chamber to a pressure in a range 
of 80% to 90% of said second pressure; 

continuing to pressurize said chamber at a reduced rate to 
said second pressure; and 

maintaining said second pressure in said chamber for a 
remainder of a conveying cycle. 
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