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ABSTRACT 

 
The main purpose of this thesis was to design and analyze a nozzle for reverse pulse-jet system 

of dust collectors using ABS-PC (Acrylonitrile butadiene styrene-Polycarbonate) material. 

Acrylonitrile Butadiene Styrene material is that of a thermoplastic polymer. ABS-PC have 

great sway obstruction with durability and unbending nature, superb appearance and 

processability, and metal coatings have superb attachment to ABS-PC. ABS-PC has a solid 

protection from destructive synthetic compounds as well as physical effects and is 

exceptionally simple to machine. It has a low softening temperature making it especially easy to 

use in ‘infusion-forming-producing’ procedures or ‘3D imprinting’ on an FDM (Fused 

Deposition Modeling) machine. Reverse pulse-jet systems are used in dust collectors in order 

to clean the filter cartridges present in the dust collector cabinet. The pressure applied on the 

reverse pulse-jet system was 80 psi. For the time of cleaning, the pulsing takes place for a 

duration of approximately 0.1 seconds. There are various air-spray nozzle designs. The goal 

was to design a nozzle that meets the LS Industries® dust collector cartridge (DCC) filter 

requirements. The nozzle coverage was to be at least a length of 24 inches and diameter of 9 

inches. The nozzle was designed using SolidWorksTM modeling software. The nozzle must 

have an inlet diameter of 1 5/16 inch, as that is a predefined requirement. The nozzle spray 

inclination or angle and spray coverage determine the airflow. The nozzle angle was kept at 66° 

in order to achieve the coverage. Finite element analysis (FEA) for the part shows how well 

the nozzle was able to withstand the 80-psi pressure. von Mises analysis, displacement, and 

strain readings were used to determine the integrity of the nozzle. von Mises analysis clearly 

shows that the maximum stress value was lesser than the tensile yield strength of the material, 

confirming that the part would not undergo failure. Further analysis was done using dynamic 

analysis. This validates how the nozzle would react to an 80-psi pressure in real time using 100 

iterations. Subsequently, the nozzle was checked for an 85-psi pressure scenario to check how 

the nozzle was reacting to a higher pressure. Stress-FEA was used to determine how the nozzle 

was withholding an 85-psi pressure. The cost of the material was analyzed and cost per nozzle 

was calculated. This shows how much cost savings can be made with 3D printing process 

using ABS-PC material.  The results prove the successful validation of the nozzle design 

towards withstanding the required pressure. 
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SECTION – 1  

INTRODUCTION 

1.1 Background 

 

Reverse pulse-jet cleaning system for dust collectors are widely used in the market 

today. It is the most effective and efficient cleaning method for the filter cartridges present 

inside the dust collector. The reverse pulse-jet system consists of a timer board, pressure gage, 

diaphragm valve, and nozzle. LS® Industries DCC dust collectors have vertical filter cartridges 

and the clean air is pulsed from the top of the dust collector so that the flow is downwards, and 

the particles or dust can easily fall through the hopper. 

 

Figure 1.1 Timer board [1] 

 

A typical standard dust collector has four filter cartridges present inside the cabinet. 

The suction of inward air and exiting air is controlled by the motor with varying horsepower 

and a motor fan. The timer board in the dust collector controls the time intervals between the 

pulsing and time difference for each cartridge filter pulsing. The pulsing typically takes place 

for about 250 to 300 milliseconds as it is not advisable to blast air through the small venturi for a 

continuous period of time with a possibility of part damage. Timer boards are usually present in 

the electrical box attached to the dust collector. 
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Figure 1.2 Pressure gage [2] 

 

The pressure gage is also attached to the dust collector on the outside to control and set 

a required pressure as per the requirement. Most dust collectors cleaning system pressure is 80 

to 85 psi. Excessive pressure may be considered as over-cleaning, but this will also damage the 

fabric of the dust collector filter cartridge. 

 
 

Figure 1.3 Diaphragm valve [3] 

 

The diaphragm valve is also attached to each section of the filter cartridge. They 

basically act as connecting entities. They are used in abrasive applications because the valves 

can be replaced very easily once it’s completely worn out. Die-cast process is used to 

manufacture dust collector diaphragm valves and they are usually made of aluminum alloys. 

They can usually withstand pressures up to 140 psi. 
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Figure 1.4 Present industry nozzles [4] 

 

LS® Industries DCC dust collector currently do not use a nozzle, but it’s widely used in 

the market to improve airflow. The nozzle inside the cabinet is the final piece of the puzzle in 

the reverse pulse-jet cleaning system. These nozzles are typically made of stainless steel, 

refractory metals, and plastic materials. However, steel and refractory metals are usually 

expensive and can be an added cost to the dust collection system. In plastics, it’ usually PVC 

(poly vinyl chloride), polypropylene, and PTFE (poly tetra fluoro ethylene). The nozzles are 

usually in cone or circular shape to provide the required spray angle for the filter cartridges. 

 
 

Figure 1.5 All components acting in reverse pulse-jet system [5]
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1.2 Literature Review 

 

Pulse-jet collectors use sacks bolstered from a metal confine, secured onto a tube sheet 

at the highest point of the collector. Residue loaded air enters the collector and streams from 

outside to inside the sack. The residue cake is stored out of the pack and is cleaned by short 

eruptions of compacted air, infused inside the sack. The eruption of air makes the packs flex, 

breaking and discharging the residue cake. The packed air must be perfect and evaporate, or 

dampness can expand on the sacks, preventing the sack cleaning productivity [6]. 

Pulse-jet collectors utilize coordinated pulse of packed air (80 to 85 psi) for filter bag 

reconditioning. This is the most widely recognized kind of baghouse collector. Reconditioning 

or cleaning of the channel cartridge permits the residue assortment framework to keep up 

pressure drops and work at planned airflows. The benefit of utilizing a reverse stream collector 

is that it has high part recuperation and high dust absorption. Their impediment is that, their 

presentation differs with temperature and dampness [7]. 

 

 
Figure 1.6 Dust collector process [8]
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Filter cartridges catch particulate from an airstream, by driving the air through channel 

canisters in which the channel media is manufactured in a creased design. There are two 

essential arrangements of filter cartridges: those that suspend the channel canisters vertically 

and those that are mounted on a level plane. Filter cartridges are the most recent age of texture 

cartridges [9].  

The primary points of interest of filter cartridges are the smaller plan and simplicity of 

cartridge changing, bringing about diminished residue presentation to laborers and provide a 

much safer workplace. New cartridges are bundled in a cardboard box, and to change 

cartridges the specialist just expels the new cartridge from the crate, separates the utilized 

cartridge and spots it in the case, at that point introduces the new cartridge, with negligible 

residue presentation to the laborer [10]. Inside the area, the cartridges are cleaned by a 

traditional reverse air pulse-jet cleaning framework. Technically, the cartridges can have a 

two-year life in rough/abrasive applications. Nonetheless, acquiring this sort of filter cartridges 

may require the client to buy cartridges from the vendor, diminishing a chunk of cost 

advantage [11]. 

Nozzles are ordered by the sort of atomization strategy utilized and by the shower 

designs they produce. The most normally utilized nozzles produce a full cone, empty cone, 

round, or level fan designs. Air atomizing spouts/air-spray nozzle is ordinarily used to create 

adjust or level fan splash designs while using pressurized hydraulic atomizing nozzle are 

regularly used to deliver full or empty cone shower designs; be that as it may, some using 

pressurized atomizing nozzles can likewise deliver level fan shower designs [12]. 

Full cone air-spray nozzles produce a strong cone-formed splash design with a round 

effect territory that gives high speed over a separation. They produce medium to huge bead 

measures over a wide scope of airflow and pressure. They are regularly utilized when the air-
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sprays should be found further away from the residue source. 

The air-spray nozzle includes an entrance-inlet characterizing a path of overlap, a 

throat parcel characterizing the tightest part of the air-spray nozzle, and an outlet partition 

characterizing a separation or division path and leaving at the exit of the nozzle area. The 

entrance-inlet, throat segment, and outlet divide all in all make an inward surface of the air-

spray nozzle. The air-spray nozzle characterizes a centerline and departing half has an angle 

that is comparative with the centerline [13]. 

The air-spray nozzle has a throat zone at the throat divide and a departing zone at the 

departing edge. Thinking in another way, a bit of the entrance-inlet neighboring the throat 

divide section has a throat channel sweep, and a bit of the outlet partition nearby the throat 

parcel has a throat outlet span. The throat outlet sweep is bigger than the entrance-inlet. That is, 

air-spray nozzle entrance is smaller than the air-spray nozzle exit [13]. 

The dust collector filter cartridges are frequently cleaned by methods of reverse pulse-

jet airflow system, wherein a transitory 0.1 sec pulse-jet of high-speed compacted air is 

coordinated downwardly into each dust collector filter cartridge. All the more especially, the 

columns of dust collector filter cartridges are pulsed (clean air) through in succession, and a 

nonstop stream of air is kept up in the sifting course since just a few of the filter cartridges are 

pulsed at some random time. Likewise, it is regular to mount a venturi spout in the open finish 

of each dust collector filter cartridge so that the reverse jet-pulse of air prompts extra or 

auxiliary air into the dust collector filter cartridge with the high-speed of air. The subsequent 

volume of air delivers a weight beat that goes down the length of the dust collector filter 

cartridge and serves to oust and remove the aggregated particles to the outwardly surface. The 

ousted particles at that point fall downwardly into a container at the base of the housing, it is 

usually a cylindrical hopper and they can be removed [14]. 
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Figure 1.7 Filter cartridge airflow direction inside dust collector cabinet [15] 

 

Earlier strategies for cleaning air channels neglect to discard slackened particulate in a 

good way. Ceramic filter cartridges must experience presentation to outrageous heat so as to 

consume off the caught particulate issue [16]. Be that as it may, this requires costly filter 

cartridges that can withstand the high temperatures. This strategy constrains the sorts of filter 

cartridges which might be utilized. This technique likewise necessitates that the filter 

cartridges are fitted legitimately to a radiator component so as to combust the caught materials 

[17]. 

Some of the filter cartridges in the current market are taken out and supplanted when 

the filter cartridges get stacked. Be that as it may, supplanting filter cartridges can add 

significantly to the operational expenses. Also, the filter cartridges are hard to deal with as the 
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residue is dangerous and hard to contain when the filter cartridges are being detached. Transfer 

of the ash requires to be dealt with a lot of cautiousness. Techniques for giving a pulse-jet 

(reverse) of air require halting the primary air current while the pulse-jet (reverse) impact is 

being conveyed. This interference of typical stream diminishes the effectiveness of the motor 

and requires increasingly confounded control gadgets [18]. 

Normally this cleaning activity is directed on the filter cartridges consecutively or as 

indicated by some other suitable control methodology. Normally there is an adequately huge 

number of filter cartridges related to the container that is cleaning any of the cartridges at its 

suitable time in the arrangement doesn't perceptibly upset the consistent state of the airflow of 

powder-loaded air into the receiving hopper container. Therefore, the consecutive cleaning of 

the filter cartridges doesn't unfavorably influence the coating procedure which is being 

directed. 

There are at any rate two usually known frameworks for cleaning powder recuperation 

filter cartridges. One intrudes on the progression of air through a filter cartridge by shutting a 

valve on the blower side of the channel and afterward coordinating opposite wind currents 

through different little flies versatilely situated inside the filter cartridge to thump powder from 

the filter cartridge. The powder tumbles to the base of the container, where it very well may be 

recuperated and reused. 

Another regular framework reverse pulse-jet application is that of packed air at proper 

time interims down through the cartridges in the turn around the course to the typical air 

current/flow through them. This system is typically known as pushing down the filter 

cartridges. There are issues with these frameworks. 
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Figure1.8 Filter cartridge process [19] 

 

With the previous, a system for supporting the reverse pulse-jet hangs down inside 

each channel cartridge. In the event that various shades of powders are to be administered, an 

alternate container must be given each in any useful establishment if the color change is to be 

affected. This implies the blower, from which the reverse pulse-jet equipment is suspended, 

must be raised comparatively with the powder container to get the two separated and grant 

another powder container providing an alternate color of powder to be moved into utilization 

direction under the blower. Thus, indicating that reverse pulse-jet still needs to be refined in 

order to meet all types of filter cartridges requirements [20]. 

Acrylonitrile Butadiene Styrene material is that of a thermoplastic polymer. 

Thermoplastic has to do with the manner in which the material reacts to warm. Thermoplastics 

become fluid (for example have a "glass change") at a specific temperature (221°F on account 

of ABS plastic). They can be warmed to their softening point, cooled, and re-warmed again 

without critical corruption. Rather than consuming, thermoplastics like ABS melt which 

enables them to be effectively infusion formed and afterward in this way reused.  
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On the other hand, thermoset plastics must be warmed once (ordinarily during the 

infusion forming process). The primary warming makes thermoset materials set, bringing about 

a compound change that can't be switched. In the event that you attempted to warm a thermoset 

plastic to a high temperature a second time, it would just consume. This trademark makes 

thermoset materials a poor contender for reusing. ABS is likewise an undefined material 

implying that it doesn't display the arranged qualities of crystalline solids.[21] 

Advantages of ABS-PC: 

 

• Metal coatings have superb attachment to ABS 

 

• Great sway obstruction with durability and unbending nature 

 

• Superb appearance and processability 

 

• Generally excellent indoor UV light shading strength [22] 

 

Table 1.1 ABS-PC Material Properties [23] 

 

Tensile 

 

Strength 

Flexural 

 

Modulus 

Impact 

 

Strength 

Max 

 

Temp. 

Chemical 

 

Resistance 

5400-9150 

 

psi 

300,000-400,000 

 

psi 

8-12 ft-lb/in notched 

 

Izod 

140°-210° 

 

F 

Poor to Fair 

 

ABS-PC has a solid protection from destructive synthetic compounds as well as 

physical effects. It is exceptionally simple to machine and has a low softening temperature 

making it especially easy to use in infusion forming producing procedures or 3D imprinting on 

an FDM machine. ABS-PC is additionally generally reasonable as it only costs as of now 

around $0.20 per gram. ABS-PC plastic isn't regularly utilized in high warmth/heat 

circumstances because of its low liquefying point. These qualities lead to ABS-PC being 

utilized in countless applications over a wide scope of businesses [24]. 
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Table 1.2 ABS-PC 3D printer material properties [25] 

 

 

Figure 1.9 ABS True Stress Strain Curve [26] 

 

Figure 1.10 PC True Stress Strain Curve [27]
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1.3 Objectives 

 

The important objective of this thesis is to design and analyze a nozzle that is made of ABS-

PC (Acrylonitrile butadiene styrene-Polycarbonate) material and a product which can withhold 

80 psi pressure for the reverse pulse-jet system of dust collector. The specifics are as follows: 

• Analyze the design of the nozzle using SolidWorksTM Static Stress Analysis by 

initiating 80 psi pressure at all points 

• Analyze the displacement for the applied pressure on the inward section of the nozzle. 

 

• Analyze von mises stress for the applied pressure on the inward section of the nozzle. 

 

• Analyze strain for the applied pressure on the inward section of the nozzle. 

 

• Analyze the 80 psi pressure using in real time using 100 iterations by using Dynamic 

Analysis on Sim ScaleTM Software. 

• Further analyze the product at 85 psi pressure in order to ensure the nozzle can 

withstand higher pressure. 

• Creating a threaded nozzle so that it can be easily replaceable. 

 

• Predict the cost of the making this product to ensure it is cheaper. Analyzing cost for 

additive manufacturing method i.e. 3D printing process to manufacture the product. 
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1.4 Methodology 

 

A specific method is used in order to design and analyze the nozzle. At first, all the 

specifications of the ABS-PC material including elastic modulus, Poisson’s ratio, shear 

modulus, yield strength etc., are taken into consideration as this will let us know much the 

pressure will act on the inward section of the nozzle. Design the nozzle using SolidWorksTM 

3D modeling software. Use Sim ScaleTM software to check the Dynamic Analysis of the 

nozzle. Check through the spray angle and spray convergence in order to ensure that the output 

pressure is hitting the filter cartridge completely. Design constraints are to be kept in mind as 

the inlet diameter of the nozzle should match the piping size of the dust collector. 

Find out the mass, density, volume, and surface area of the nozzle. Analyze the product 

for static stress and strain analysis using SolidWorksTM simulation software. Analyze the 

product for 80 psi pressure using Von-misses, displacement and strain analysis. Then check the 

same for 85 psi pressure. 

Predict the cost of the product with respect to 3D printing process for 

manufacturability. As the weight of the product would be significantly less, so analyze the cost 

for an individual nozzle and the cost for 3D printing the product individually. 
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SECTION – 2 

THEORETICAL FRAMEWORK 

2.1 Material Properties 

 

Material selection for the nozzle is predefined as ABS-PC plastic material. The 

properties of this material (table 2.1) are obtained as it will come in handy when the values are 

compared in stress analysis. 

Table 2.1 ABS-PC Complete info table [23] 

ABS PC PLASTIC MATERIAL 

1 Elastic Modulus 349540.95 psi 

2 Poisson's Ratio 0.3897 N/A 

3 Shear Modulus 125051.54 psi 

4 Mass Density 0.03866 lb/in3 

5 Tensile Strength 5900.00 psi 

6 Compressive Strength  psi 

7 Yield Strength 5801.51 psi 

8 Thermal Expansion Coefficient  /ºF 

9 Thermal Conductivity 3.50E-06 Btu/(in·sec·ºF) 

10 Specific Heat 0.454 Btu/(lb·ºF) 

11 Material Damping Ratio  N/A 
 

 

2.2 Design Constraints 

 

The nozzle threading has to be 1 5/16 inches in diameter as that is the size of the piping 

that the nozzle is connected to. The pressure gauge is connected to a piping inside the dust 

collector, which is then connected to the nozzle. The length of the piping is 22 inches. The 

piping is then connected to the nozzle. The diameter is predefined at 1 5/16 inches. Threading 

information for the nozzle is mentioned on Appendix table A5. 

The specifications of DCC-10 Dust Collector are as follows: 
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 Table 2.2 DCC-10 Specifications [28] 

 

2.3 Nozzle Spray angle and coverage calculation 

 

The nozzle outer angle defines the spray angle and gives the information regarding the 

spray coverage for the dust collector cartridge filters. The spray coverage is very important as it 

defines how much does the nozzle impact on the current filter cartridge. The DCC-10 filter 

cartridges are about 24 inch in length and 9 inches in diameter. 

For Calculating the Velocity, Bernoulli’s Equation is used.  

𝑉 = √2𝑔ℎ  ---(1) 

V → Velocity (ft/sec) 

g → Gravitational Force (ft/sec2)  

h → The distance from the gauge to the entrance of the nozzle (ft) 

Velocity can also be calculated using Pressure by using the same principles of Bernoulli’s 

Equation. 

We know,  

𝑉 = √2𝑔ℎ  ----(1) 

CARTRIDGE STYLE DUST COLLECTORS DCC-10 

Overall Dimensions (L x W x H), inch 56 x 42 x 153 

Number of Cartridges/filters 4 

Filter Area (SQ FT) 992 

Blower HP 10HP 

Approx Blower CFM 4000 

Approx Shipping Weight (lbs) 1550 

Duct Size (in) 10 
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For pressure,  

𝑃 = 𝜌𝑔ℎ  ----(2) 

Now we can solve (2) in (1) to get the velocity in terms of pressure, 

𝑉 = √
2𝑃

𝜌
  ----(3) 

P → Pressure (psi) 

ρ → Density of Air (lb/ft3)  

Area of the outlet nozzle can be calculated using the formula, 

𝐴 = 𝜋 × 𝑟2 ---(4) 

r → Radius (inch) 

 

 

Figure 2.1 Nozzle front view Figure 2.2 Nozzle side view 

 

Figure 2.2 clearly shows that the spray angle is 66°. The length of the nozzle excluding the 

threaded surface is about 2 ¼ inches. To calculate the spray coverage from the nozzle. We 

need to use the following formula: 

𝑇𝑆𝐶 = 2 × 𝐿 × 𝑡𝑎𝑛 (
𝑇𝑆𝐴

2
)  ---(5) 
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TSC → Theoretical Spray Coverage 

L → Spray Distance 

TSA → Theoretical Spray Angle 

 
 Figure 2.3 Spray coverage pictorial representation [29] 

 

From equation (5), the spray coverage for the required nozzle design will turn out to be the 

following: 

𝑇𝑆𝐶 = 2 × 24 × 𝑡𝑎𝑛 (
66

2
) 

𝑇𝑆𝐶 = 31.171 𝑖𝑛𝑐ℎ𝑒𝑠 

For calculating factor of safety, the yield stress and working stress is to be determined. The 

equation is: 

𝐹𝑎𝑐𝑡𝑜𝑟 𝑜𝑓 𝑠𝑎𝑓𝑒𝑡𝑦 =
𝑌𝑖𝑒𝑙𝑑 𝑆𝑡𝑟𝑒𝑠𝑠

𝑊𝑜𝑟𝑘𝑖𝑛𝑔 𝑆𝑡𝑟𝑒𝑠𝑠
  ---(6) 
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Table 2.3 Spray angle info table [30] 
 

 

 

This information is can be aligned through all the angles and different lengths. Table 2.4 shows 

the required spray angle in order to get the required spray coverage or vise-versa. Once all the 

requirements are met and specifications are on order, SolidWorksTM generates the mass 

properties of the nozzle. 

Table 2.4 Mass properties of the nozzle 

 
 MASS PROPERTIES OF THE NOZZLE 

 Density 0.04 pounds per cubic inch 

 
Mass 0.05 pounds 

 
Volume 1.27 cubic inches 

 
Surface area 32.39 square inches 
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Figure 2.4 Zoom in 3D view of the DCC system 
 

 

 
 

 
Figure 2.5 Overall 3D view of the DCC system 
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SECTION – 3 

 
FINITE ELEMENT ANALYSIS OF THE NOZZLE AT 80 PSI PRESSURE 

 
3.1 Model Information 

 

For the study, SolidWorksTM finite element analysis simulation tool is used. The goal is 

to apply 80 psi pressure throughout the inner surface of the nozzle and see if the nozzle can 

withstand the pressure and not lead to failure. As can be seen in the figure 3.2, all the pressure 

has been applied throughout the inner surface of the nozzle. 

The maximum stress is compared to the yield strength of the material. This indicates 

how well the product will withstand the 80 psi pressure. Figure 3.1 explains the stress and 

strain properties. 

 

 
Figure 3.1 True Stress v/s Strain curve of ABS-PC [31] 
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In figure 3.2, the red arrows indicate the pressure applied. The green arrows indicate the 

fixed points on the nozzle. The threading area of the nozzle is the fixed geometry and inward 

threading is selected. The outer surface on the threading can also be selected but it does not 

make any difference. The type of element used for meshing is tetragonal element type.  

 

Figure 3.2 Solid model information 

 

3.2 Units used for FEA Modeling 

 

Table 3.1 Units 

 

Unit system: English (IPS) 

Length/Displacement inch 

Temperature Fahrenheit 

Angular velocity Hertz 

Pressure/Stress psi 
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3.3 Study Properties 

 

Table 3.2 Study properties 

 

Analysis type Static 

Mesh type Solid Mesh 

Thermal Effect: On 

Thermal option Include temperature loads 

Zero strain temperature 298 Kelvin 

Include fluid pressure effects from 

SOLIDWORKSTM Flow Simulation 

Off 

Solver type FFEPlus 

Incompatible bonding options Automatic 

Compute free body forces On 

 

3.4 Material Properties 

 

ABS-PC material is selected. 

 

Table 3.3 Material information 

 

Model Reference Properties Components 

 

Name: ABS-PC 

Model type: Linear Elastic 

Isotropic 

Default failure 

criterion: 

Max von Mises 

Stress 

Yield strength: 5801.51 psi 

Tensile strength: 5900 psi 

Elastic modulus: 349541 psi 

Poisson's ratio: 0.3897   

Mass density: 0.0386562 

lb/in^3 

Shear modulus: 125052 psi 
 

SolidBody 

1(Fillet4)(NZ-DCC) 

 

3.5 Loads and Fixtures 

A pressure of 80 psi is applied onto the inward section of the nozzle as that is the impact area. 

All the inside faces are selected, and the pressure is applied. 
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Table 3.4 Fixed Surfaces 

Table 3.5 Load Surfaces 

 

 

 

 

 

 

After the fixed geometry is set, the load is applied. The part is meshed using standard meshing, 

SolidWorksTM generates a mesh around the entire part. Then resultant forces are obtained. 

Table 3.6 shows the reaction forces. 

Table 3.6 Reaction forces 

Selection set Units Sum X Sum Y Sum Z Resultant 

Entire Model lbf -9.08391 0.0134598 0.0300179 9.08397 

 

Table 3.6 shows the reaction moments. 

 

Table 3.7 Reaction moments 

 

Selection set Units Sum X Sum Y Sum Z Resultant 

Entire Model lbf.in 0 0 0 0 

Fixture name Fixture Image Fixture Details 

 

 

 
Fixed-1 

 

 

Entities: 

Type: 

1 face(s) 
Fixed Geometry 

Resultant Forces 

Components 
Reaction force(lbf) 

Reaction 

Moment(lbf.in) 

 
X 

-9.08391 

0 

 
Y 

0.0134598 

0 

 
Z Resultant 

0.0300179 9.08397 

0 0 

Load name Load Image Load Details 

Pressure-1 

 

Entities: 3 face(s) 

Type: Normal to 
selected face 

Value: 80 
Units: psi 

Phase Angle: 0 

Units: deg 
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3.6 von Mises Stress Analysis – 80 PSI 

 

Table 3.8 von Mises at 80 psi 

Name Type Min Max 

Stress1 VON: von Mises 

Stress 

1.378E-2 psi 

node: 9506 

3.610E3 psi 

node: 8522 

 

 

 
Figure 3.3 von Mises at 80 psi 

 

 

Figure 3.4 Factor of Safety at 80 psi 
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As can be seen in table 3.8, the maximum stress value is 3610 psi. The yield strength of 

ABS-PC material is approximately 5801 psi. This indicates that the part would not fail even at 

its maximum stress point. The maximum stress is acting on the outlet surface of the nozzle. As 

the outlet face of the nozzle, it is taking in a direct 80 psi pressure and the thickness is that 

region is less, and hence the impact is greater.  

The factor of safety obtained from the software is 1.607 as seen in figure 3.4. Factor of 

safety can be cross verified by using the Equation 6. 

𝐹𝑎𝑐𝑡𝑜𝑟 𝑜𝑓 𝑠𝑎𝑓𝑒𝑡𝑦 =
𝑌𝑖𝑒𝑙𝑑 𝑆𝑡𝑟𝑒𝑠𝑠

𝑊𝑜𝑟𝑘𝑖𝑛𝑔 𝑆𝑡𝑟𝑒𝑠𝑠
  ---(6) 

𝐹𝑎𝑐𝑡𝑜𝑟 𝑜𝑓 𝑠𝑎𝑓𝑒𝑡𝑦 =
5801

3610
= 1.607 

Figure 3.5 gives a good understanding of how the outlet face of the nozzle is being 

impacted on an 80 psi pressure. As the highest stress value is less than that of the yield strength 

of ABS-PC plastic material, the product will not undergo failure. 

 

 
 

Figure 3.5 von Mises front view 
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3.7 Displacement – 80 PSI 

 

A small displacement is predicted and expected in the model. 1.630 E-2 inch displacement is 

highest obtained at a certain node. This implies that displacement is lesser on the model. 

However, as seen in table 3.9 and figure 3.6, the highest displacement is happening at the 

center of the outlet face of the nozzle. This is because the highest amount of pressure impact 

on the nozzle is towards the center of the outlet face. The stretch or elongation is enacted upon 

the nozzle due to the inside pressure that is being applied at 80 psi. The resultant displacement 

on the nodes is significantly less, thus indicating that the part will not undergo failure. 

Table 3.9 Displacement at 80 psi 

Name Type Min Max 

Displacement1 URES: Resultant 

Displacement 

0 in 
node: 1722 

1.630 E-2 in 
node: 5303 

 

 

 
 

 

Figure 3.6 Displacement at 80 psi 
 

3.8 Strain Analysis – 80 PSI 

 

The next aspect of the design to study is the strain analysis. Strain analysis shows the change 

in length or the dimension of the part. The maximum change in dimension is 7.679 E-3 inch. 
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As can be seen in figure 3.7, the strain does not influence the shape of the nozzle much. The 

elongation of the part is significantly low. The amount of deformation is less, but it is acting 

mostly in the center region on the outlet surface of the nozzle. In the direction of the applied 80 

psi pressure, a small deformation is noted. As the material is not beyond its elastic point, the 

deformation on the part is not going to lead to part failure.  

Table 3.10 Strain at 80 psi 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.7 Strain at 80 psi 

 

 

 

 

 

 

 

 

Name Type Min Max 

Strain1 ESTRN: Equivalent Strain 3.113e-08 
Element: 9197 

7.679e-03 
Element: 6341 
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SECTION – 4 

 
DYNAMIC ANALYSIS OF THE NOZZLE AT 80 PSI PRESSURE 

 
4.1 Model Information 

 

Dynamic analysis is checked using Sim ScaleTM software. This tool is used to check 

the readings of the part or a product in real time. A number of iterations are being made in 

order to check the flow of the product. In this case, 100 iterations are made. 

The dynamic analysis is calculated using the same strategies as used before in stress 

analysis. The material is set to ABS-PC. The fixed points are set to be the threaded area of the 

nozzle. Then, an 80 psi pressure is set towards the inward section of the nozzle by selecting all 

the required faces. The meshing process is also done subsequently. 

4.2 von Mises Analysis 

 

As seen in figure 4.1, the von Mises stress is used to calculate the dynamic movement 

or the stress acting on the part in real time. The maximum stress is 21.423 MPa (3107 psi). The 

yield strength of the material is 5874 psi. This indicates that the part is well under the yield 

strength and will not lead to failure. The design factor of safety for 80 psi is 1.607.  

 

 
         Figure 4.1 von Mises Dynamic at 80 psi 
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4.3 Displacement Analysis 

 

Figure 4.2 shows how the displacement is achieved upon the applied pressure at real 

time. The maximum displacement shown in figure 4.2 is 2.00605 E-7 m (7.89 E-6 inch). This 

displacement is negligible. However, the highest displacement is happening at the center of the 

outlet face of the nozzle. This is because the highest amount of pressure impact on the nozzle 

is towards the center of the outlet face. The stretch or elongation achieved on the nozzle is due 

to inside pressure that is being applied at 80 psi. The resultant displacement on the nodal 

displacement is significantly less and thus indicating that the part will not undergo failure. 

 

 
Figure 4.2 Displacement Dynamic at 80 psi 

 

4.4 Cauchy Stress Magnitude 

 

Further, Cauchy stress magnitude is also calculated. It is also known as tensor stress 

and is used to calculate the stress on a certain point of the nozzle which is having a small 

amount of deformation. In the current model, small deformations happening at the center of 
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the outlet area of the nozzle can be seen in figure 4.3. The highest value acting on a certain 

node is 25.7980 MPa (3741.7 psi). This is far lesser than the yield strength of the material 

under consideration. The design factor of safety for 80 psi is 1.607. 

 

 

                                         Figure 4.3 Cauchy stress magnitude at 80 psi 
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SECTION – 5 

 
FINITE ELEMENT ANALYSIS OF THE NOZZLE AT 85 PSI PRESSURE 

 
5.1 Model Information 

 

For the study, SolidWorksTM finite element analysis simulation tool is used. The goal is 

to apply 85 psi pressure throughout the inner surface of the nozzle and see if the nozzle can 

withstand the pressure and not lead to failure. The goal is mainly for 80 psi but checking for 85 

psi gives an estimate regarding how much the part can withstand in increased pressure. 80 psi is 

preferred as it is the FDA approved standard for Dust Collectors. As can be seen in figure 5.1, 

all the pressure has been applied throughout the inner surface of the nozzle. 

The red arrows indicate the pressure applied. The green arrows indicate the fixed points 

on the nozzle. The threading area of the nozzle is the fixed geometry and inward threading is 

selected. The outer surface on the threading can also be selected but it does not make any major 

difference. The type of element used for meshing is tetragonal element type.  

 

Figure 5.1 Solid model information 
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5.2 Units used for FEA modeling 

 

Table 5.1 Units 

 

Unit system: English (IPS) 

Length/Displacement in 

Temperature Fahrenheit 

Angular velocity Hertz 

Pressure/Stress psi 

 

5.3 Study Properties 

 

Table 5.2 Study properties 

Analysis type Static 

Mesh type Solid Mesh 

Thermal Effect: On 

Thermal option Include temperature loads 

Zero strain temperature 298 Kelvin 

Include fluid pressure effects from 

SOLIDWORKSTM Flow Simulation 

Off 

Solver type FFEPlus 

Incompatible bonding options Automatic 

Compute free body forces On 

 

 

5.4 Material Properties 

 

ABS-PC material is selected. 

Table 5.3 Material information 

Model Reference Properties Components 

 

Name: ABS-PC 

Model type: Linear Elastic 

Isotropic 

Default failure 

criterion: 

Max von Mises 

Stress 

Yield strength: 5801.51 psi 

Tensile strength: 5900 psi 

Elastic modulus: 349541 psi 

Poisson's ratio: 0.3897   

Mass density: 0.0386562 lb/in^3 

Shear modulus: 125052 psi 
 

SolidBody 

1(Fillet4)(NZ-DCC) 
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5.5 Loads and Fixtures 

 

A pressure of 85 psi is applied onto the inward section of the nozzle as that is the impact 

area. All the inside faces are selected, and the pressure is applied. 

Table 5.4 Fixed faces 

 

Fixture 

name 
Fixture Image Fixture Details 

Fixed-1 

 

Entities: 1 face(s) 

Type: Fixed Geometry 
 

Resultant Forces 

Components X Y Z Resultant 

Reaction force(lbf) -9.65166 0.0142988 0.0318901 9.65172 

Reaction 

Moment(lbf.in) 
0 0 0 0 

  

 

Table 5.5 Load faces 

 

Load name Load Image Load Details 

 

 

 

 
Pressure-1 

 

 

Entities: 3 face(s) 
Type: Normal to 

selected face 
Value: 85 
Units: psi 

Phase Angle: 0 
Units: deg 

 

After the fixed geometry is set, the load is applied. The part is meshed using standard meshing, 

SolidWorksTM generates a mesh around the entire part. 
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5.6 von-mises Stress Analysis 

 

Table 5.6 von mises at 85 psi 

Name Type Min Max 

Stress1 
VON: von Mises 

Stress 

1.464 E-2 psi node: 

9506 
3836 psi node: 8522 

 

 
 

Figure 5.2 von mises at 85 psi 

 

 
 

Figure 5.3 Factor of Safety at 85 psi 
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As see in table 5.6, the maximum stress value is 3836 psi. The yield strength of ABS-PC 

material is approximately 5801 psi. The maximum stress acts on the outlet surface of the nozzle. 

As the outlet face of the nozzle is exposed to a direct 85 psi pressure and the thickness is that 

region is less, there is a greater impact.  

The factor of safety obtained from the software is 1.513 as seen in figure 5.3. Factor of 

safety can be cross verified by using the Equation 6. 

𝐹𝑎𝑐𝑡𝑜𝑟 𝑜𝑓 𝑠𝑎𝑓𝑒𝑡𝑦 =
𝑌𝑖𝑒𝑙𝑑 𝑆𝑡𝑟𝑒𝑠𝑠

𝑊𝑜𝑟𝑘𝑖𝑛𝑔 𝑆𝑡𝑟𝑒𝑠𝑠
  ---(6) 

𝐹𝑎𝑐𝑡𝑜𝑟 𝑜𝑓 𝑠𝑎𝑓𝑒𝑡𝑦 =
5801

3836
= 1.513 

As the highest stress value is less than that of the yield strength of ABS-PC plastic 

material, the product will not undergo failure. This clearly shows that the nozzle can hold 

excess pressure supply. The maximum stress value at 85 psi is greater than that of 80 psi. This 

process is used to verify the simulation. 

5.7 Displacement Analysis 

 

A negligible displacement is predicted and expected in the model. 1.732E-2 inch 

displacement is shown as the highest at a certain node. However, as seen in figure 5.3, the 

highest displacement happens at the center of the outlet face of the nozzle. This is because the 

highest amount of pressure impact on the nozzle is towards the center of the outlet face. The 

stretch or elongation on the nozzle is due to the inside pressure that is being applied at 85 psi. 

The resultant displacement on the nodal displacement is significantly less and thus indicating 

that the part will not undergo failure. The design factor of safety is 1.513. 

Table 5.7 Displacement at 85 psi 

Name Type Min Max 

Displacement1 URES: Resultant 

Displacement 

0 inch 
node: 1722 

1.732E2 inch 
node: 5303 
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Figure 5.4 Displacement at 85 psi 

 

5.8 Strain Analysis 

 

Strain analysis is considered in the next and final phase. Strain analysis shows the change in 

length or the dimension of the part. The maximum change in dimension is 8.159 E-3. As can 

be seen in figure 5.4, the elongation of the part is significantly low. The amount of deformation 

is less, but it is acting mostly in the center region on the outlet surface of the nozzle. In the 

direction of the applied 85 psi pressure, deformation is noted. As the material is not beyond its 

Elastic point, the deformation on the part is not going to lead to part failure. The deformation 

is too small and will not lead to the failure of the part. The design factor of safety is 1.513. 

Table 5.8 Strain at 85 psi 

Name Type Min Max 

Strain1 ESTRN: 

Equivalent Strain 

3.307e-08 
Element: 9197 

8.159e-03 
Element: 6341 
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Figure 5.5 Strain at 85 psi 
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SECTION – 6 

 
ABS-PC MATERIAL COST INFORMATION 

 
The cost of the ABS-PC material per gram is $0.20. The current model weight/mass is 

taken into consideration in order to calculate the cost of a single nozzle. 

Current Nozzle: 

 

• Density = 0.04 pounds per cubic inch 

 

• Mass = 0.05 pounds 

 

• Volume = 1.27 cubic inches 

 

• Surface area = 32.39 square inches 

 

3D Printing process is used to create the part. Stereolithography technique can be used to 

obtain a finished 3D process. There is no labor cost in this process. Considering a small 

amount of labor cost in case of a bulk order, it shouldn’t impact the overall cost in a negative 

manner. 

𝐶𝑜𝑠𝑡 𝑜𝑓 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑝𝑒𝑟 𝑔𝑟𝑎𝑚 = $ 0.20 
 

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑛𝑜𝑧𝑧𝑙𝑒 = 0.05 𝑙𝑏𝑠 = 22.67962 𝑔𝑟𝑎𝑚𝑠 
 

𝐶𝑜𝑠𝑡 𝑜𝑓 𝑛𝑜𝑧𝑧𝑙𝑒 = 22.67962 𝑔𝑟𝑎𝑚𝑠 × $0.20 
 

𝐶𝑜𝑠𝑡 𝑜𝑓 𝑛𝑜𝑧𝑧𝑙= $ 4.535 
 
The overall cost for one nozzle is $ 4.535, which is way less than any current nozzles in the 

market. Keeping additional enhancements and reinforcements cost as $1, then the total cost 

comes up to $5.35/per nozzle. 
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SECTION – 7  

CONCLUSION 

The nozzle has withheld 80 psi pressure and 85 psi pressure as per finite element 

analysis/dynamic analysis studies. Numerical calculations provide the spray angle and spray 

coverage. Material cost analysis proves that the cost of one nozzle is cheaper than the nozzles 

present in the market. Detailed results, and conclusions derived from it can be summarized as 

follows: 

FEA – 80 PSI 

 

• According to the von mises stress analysis, the maximum stress acts on the outlet 

surface of the nozzle. As the outlet face of the nozzle takes in a direct 80 psi pressure 

and the thickness is that region is less, the impact is much greater. 

• As the highest stress value is less than that of the yield strength of ABS-PC plastic 

material, the product will not undergo failure. The design yield factor of safety is 1.607. 

• The stretch or elongation results on the nozzle due to inside pressure that is being 

applied at 80 psi. The resultant displacement on the nodal displacement is significantly 

less and thus indicating that the part will not undergo failure. 

• As per strain results, the amount of deformation is less, but it is acting mostly in the 

center region on the outlet surface of the nozzle. In the direction of the applied 80 psi 

pressure, deformation is noted. 

• Smooth edges on holes using fillet feature will reduce the stress values or stress acting 

on edges and increase airflow. 

FEA – 85 PSI 

 

• As the highest stress value is less than that of the yield strength of ABS-PC plastic 
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material, the product will not undergo failure. This clearly shows that the nozzle can 

hold excess pressure supply. The maximum stress value at 85 psi is greater than that of 

80 psi. This just verifies the simulation. The design yield factor of safety is 1.513. 

• The resultant displacement on the nodal displacement is significantly less and thus 

indicating that the part will not undergo failure. 

• As the material is not beyond its elastic point, the deformation on the part is not going to 

lead the part to fail. The deformation is too small and will not lead to the failure of the 

part.  

• The stress and strain on the part at 85 psi is more than the one at 80 psi. With increase in 

pressure the stress and strain are increasing. 

FEA Dynamic – 80 PSI 

 

• von mises stress is used to calculate the dynamic movement or the stress acting on the 

part in real time. The maximum stress is 3107 psi, which is way lesser than the yield 

strength of 5801 psi. The design yield factor of safety is 1.607. 

• The displacement in general is significantly less and ignorable. However, the highest 

displacement happens at the center of the outlet face of the nozzle. This is because the 

highest amount of pressure impact on the nozzle is towards the center of the outlet face. 

• Cauchy stress magnitude is calculated on a certain point for the nozzle which is having a 

small amount of deformation. In the current model, small deformations can be seen 

happening at the center of the outlet area of the nozzle 
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SECTION – 8 

RECOMMENDATIONS AND FUTURE WORK 

This research work has resulted in significant data generated that will help future engineers 

design more ergonomically-sound, efficient and cost-effective nozzle systems for reverse pulse-

jet system of vertical dust collectors. However, there are potential future work that can further 

enhance these systems. Some of the recommendations are given below. 

8.1 Recommendations 

• One of the key research improvements is that the nozzle outlet area thickness can be 

further studied as they absorb the highest amount of pressure. 

• Computational Fluid Dynamics software can be used for further analysis of airflow with 

respect to the filter cartridges. 

• The distance between the nozzle and the entrance of the cartridge filter can be analyzed 

for airflow, and subsequent flow/pressure-drop analysis. 

8.2 Future work 

• One of the advantages of ABS-PC is that the material can take in metal coatings on the 

surface. This means, an extra layer of metal coating will improve the sturdiness of the 

nozzle. Metal impurities can be mixed with the ABS-PC alloy as well, so this can be a 

cheaper option than coating. Both the techniques can be further analyzed.   

• Fatigue life and corrosion of the nozzle based on air impact can be further analyzed. 

• The nozzle can be redesigned for angled dust collectors too.
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APPENDIX 

 

FEA – 80 PSI 

 

Mesh Information 

Table A1 Mesh Information 80psi 

 

Mesh type Solid Mesh 

Mesher Used: Standard mesh 

Automatic Transition: Off 

Include Mesh Auto Loops: Off 

Jacobian points 4 Points 

Element Size 0.113765 in 

Tolerance 0.00568827 in 

Mesh Quality Plot High 

 

Table A2 Mesh Specifications 80psi 

 
Total Nodes 19884 

Total Elements 9918 

Maximum Aspect Ratio 62.625 

% of elements with Aspect 
Ratio < 3 

83.5 

% of elements with Aspect 
Ratio > 10 

1.34 

Time to complete 
mesh(hh;mm;ss): 

00:00:15 

 

 
 

Figure A1 Meshing 80psi 
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FEA – 85 PSI 

 

Mesh Information 

Table A3 Mesh Information 85psi 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table A4 Mesh Specifications 85psi  
 

Total Nodes 19884 

Total Elements 9918 

Maximum Aspect Ratio 62.625 

% of elements with Aspect Ratio < 3 83.5 

% of elements with Aspect Ratio > 10 1.34 

Time to complete mesh(hh;mm;ss): 0:00:10 

 

 
 

Figure A2 Meshing 85psi 
 

 

 

 

 

 

Mesh type Solid Mesh 

Mesher Used: Standard mesh 

Automatic Transition: Off 

Include Mesh Auto Loops: Off 

Jacobian points 4 Points 

Element Size 0.113765 in 

Tolerance 0.00568827 in 

Mesh Quality Plot High 
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Table A5 Threading for the nozzle-National Pipe Threads [32] 
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Nozzle and Dust Collector Airflow Drawing 

 

 
 

 
Figure A3 Nozzle Drawing  
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Figure A4 Dust Collector call out drawing  
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Figure A5 Dust Collector airflow drawing  
 


