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EXECUTIVE SUMMARY 

Inteplast Bags and Films Corporation is a plastic manufacturing company in Saint John, New 

Brunswick, that uses an extrusion process at the beginning of production. Extruder barrel No. 3 

runs with a water-cooled system with aluminum cast-in heaters. The pump runs continuously 

even if cooling is not needed. Furthermore, frequent clogging and scaling on pipes cause 

inefficiencies in the system. Glycol is also used as a heat exchange medium from the plant's 

temperature-controlled factory, adding to the operating costs.  

The report addressed those issues by converting the existing water-cooled into an air-cooled 

system. Throughout this project, a detailed study of the following was conducted, and 

calculations were made to achieve the desired solution: 

 Heat load calculations to determine the required cooling capacity. 

 Sizing up the blower for each zone. 

 Selection of heater bands. 

 Design of cooling fins for better heat transfer. 

 Design of shroud for better airflow distribution. 

 

 The report recommends purchasing a three-phase blower to ensure efficient operation with a 

flow rate of 489 CFM. Additionally, installing five 2-inch heater bands with a heating capacity 

of 2000W would provide the required heating for each zone with the minimum surface area 

covered. Furthermore, the fabrication and installation of cooling fins between the heaters were 

recommended to improve heat transfer efficiency. Lastly, upper and lower shrouds with baffles 

and louvres were proposed to improve airflow. 

 

The conversion cost $17,431.08 worth of materials with taxes, but the savings from the 

conversion were significant. Based on calculations, the conversion could save $4,672.68 

annually, with an expected return on investment of under four years. 
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1.0 INTRODUCTION   

This report gives detailed design recommendations for converting a water-cooled system into an 

air-cooled system, as requested by the project sponsor. The introduction includes the background 

of the study, purpose, scope, and methodology.  

1.1 BACKGROUND OF STUDY 

Inteplast Bags and Films Corporation is a plastic manufacturing company in Saint John, New 

Brunswick, that uses a blown film extrusion process at the beginning of its production. Part of 

this process is the extruder barrels that need constant heating and cooling to maintain the desired 

operating temperature. This extruder has five separate "Zones," which allow a different heat 

profile to be adjusted along the length of the barrel. These controllers have independent outputs 

that turn on the heat or cool to maintain the desired temperature setpoint. The heat output 

energizes a contactor, turning on a resistive heating element when the actual temperature is 

below the desired temperature. The cool output energizes a solenoid valve which permits the 

cooling water to flow through the existing barrel heat/cool unit when the actual temperature 

exceeds the desired temperature.  

 

 

Figure 1 Existing Process   

Source: Original 
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The barrel on extruder number 3 uses a water-cooled cooling system with a single pump and a 

reservoir with distilled water as the cooling medium. The heating and cooling were integrated 

into single-cast aluminum, as shown in Figure 1. The system also uses glycol from the 

temperature-controlled factory process system as a heat exchange medium for the water. 

Mr. Ron Loughery, maintenance head of the company, is currently experiencing problems with 

the setup since clogging and scaling frequently occur along the pipes, which causes a significant 

setback in the plant operation. Furthermore, the pump runs continuously even if cooling is 

unnecessary, making it inefficient and adding all up results in higher maintenance costs and loss 

in production opportunities of the plant during the shutdown.  

1.2 PURPOSE 

The purpose of this project is to design an air-cooled cooling system and heating system that will 

replace the existing setup of extruder No. 3 and improve the following:  

o Plant's energy efficiency by eliminating continuous equipment running and having a 

blower for each zone. 

o Reduce operating costs by eliminating distilled water and glycol as the cooling mediums. 

o Maximize the energy using an improved airflow diffuser integrated into the shroud 

design. 

o Heat transfer efficiency by designing fins for better heat transfer.  

1.3 PROJECT SCOPE/OUT OF SCOPE 

This project aims to include heat load calculations of the existing setup and the design of an air-

cooled system to replace the current setup with better efficiency. This consists of the following 

items: 

o Conductive and convective heat rates needed to dissipate heat along the barrel. 

o Sizing of a blower. 

o Design fins for better heat transfer. 

o Sizing of heater bands as the heating medium. 

o Integration of the existing controls into newly installed equipment. 
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The project's scope is only limited to the design of the air-cooled system and heating system. It 

does not take into consideration the noise created by the equipment. Furthermore, the effect on 

the temperature rise inside the plant is also not part of the study, as warm air will be dissipated 

into the atmosphere after the cooling process. Further investigation to develop a ducting system 

to redirect the heat to specific areas might be needed.  

1.4 METHODOLOGY 

The report aims to design a setup that can replace the pump and cast-in heaters with properly 

sized blowers that can remove the excess heat and install heater bands to give additional heat to 

the process when needed. This includes a selection of blower for each zone, installation of heater 

bands along the barrel, design of a shroud system to contain the air and arrangement of fins for 

better heat transfer.  

The report used different areas of Mechanical Engineering disciplines to develop the optimum 

design. In-depth research on each topic in heat transfer, fluid mechanics, and materials 

engineering was needed for the project's success. Furthermore, utilizing the expertise of Mr. Ron 

Loughery and Mr. Jay Fletcher regarding the subject matter gave more precise directions in 

achieving the project's success.  

 

2.0 PRELIMINARY REVIEW 

In a plastic extrusion process, heat is generated by friction between the plastic pellet resin and 

the walls of the extruder through shear force. This action causes the plastic to melt and flow into 

the desired output. However, if the temperature is too high, the resin will degrade and can be out 

of specification. Inversely, if the temperature is too low, the polymer may not fully melt and 

cannot flow properly, thus blocking the die at the end of the extrusion. This is why cooling and 

heating are introduced into the system to balance the heat and, therefore, can achieve the optimal 

temperature. 
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Furthermore, closed-loop temperature control was used with standard equipment such as a heat 

source, cooling medium, sensor, and controller. The heat was added and removed from the 

system using a central controller based on temperature readings from the thermocouple 

(McGwire). This section focuses on the current heating and cooling setup of extruder No 3. 

2.1 CURRENT COOLING AND HEATING SETUP 

Brampton Engineering supplied extruder 3 with 4-1/2" 24:1 specification, which has aluminum 

cast-in fins that operates in a water-cooled system with a 1/2-inch-thick shell and 7/8 inches fins 

for cooling. Appendix D shows the detailed drawing for the barrel and pump setup. Cooling 

pipes run through the bottom of the cast-in heater and exit on the other side. The pump uses 

distilled water to minimize scaling and clogging. It runs continuously so water does not flash to 

steam, which can cause instability in the process (McGwire). The average change in temperature 

of the water exiting each barrel was around 87.46 oF (48.59 oC) to maintain the process 

temperature at 380-400 oF. Table 1 shows the temperature profile for each zone with the inlet 

and outlet temperature of the cooling water. The data was obtained using FLIR thermal camera. 

Appendix E shows the recorded temperature in each zone.  

 

Zone 
Temperature 
of the barrel 

Inlet 
temperature 

of water 

Outlet 
temperature of 

water 

Change in 
Temperature 

(DT) 

1 380 125 213 88 oF 

2 400 134 200 66 oF 

3 400 99 170 71 oF 

4 390 103 203 100 oF 

5 390 97.7 210 112.3 oF 
            

Average 
392 111.74 199.2 87.46 oF 

200 44.30 92.89 48.59 oC 
Source: Original   

 

Table 1 Temperature Profile of each Zone
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Figure 2 shows the current piping setup with the cast-in aluminum heaters of Extruder 3. Leaks 

were very evident at the bottom of the barrel. 

                Figure 2 Current setup of Extruder 3 

                Source: Original 

 

2.2 CURRENT HEATING SETUP 

The current heating setup for the extruder barrel involves electric heaters integrated into the 

aluminum cast-in heaters. The thermocouple sends a signal to the control system to activate the 

heaters. The heaters are connected in series and supply 9000W of energy whenever heating is 

needed. Since the pump has a continuous supply, part of the heat given off by the heaters is being 

cooled. Thick cast-in heaters also add up to the heat required by the heaters. Figure 3 shows one 

zone with a series of heaters connected and integrated into the cast-in aluminum fins. Note that 

thermocouples are located in the middle of each zone. 
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3.0 HEAT LOAD CALCULATIONS 

Heat load calculations were essential in determining the cooling requirements for an extrusion 

process. It involved determining the amount of excess heat that needs to be dissipated and the air 

volume flow rate required for cooling. This section considers the factors in calculating heat 

transfer rates and how they relate to sizing the blower and selecting the appropriate accessories. 

Relevant literature and industry standards were used to provide detailed calculations. 

3.1 FACTORS IN DETERMINING HEAT TRANSFER RATE 

Many factors were needed to calculate the excess heat that needed to be dissipated on the barrel. 

This calculation assumes the system was in a steady state condition and had no external work 

interactions. Calculation of excess heat needs to be dissipated by a cooling medium with one 

inlet and one exit with negligible changes in kinetic and potential energies (Cengel, Heat 

Transfer A Practical Approach 46) 

Figure 3 Heater series configuration 

Source: Original 
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𝑄 𝑚𝐶 𝑇 𝑇  

Where: 

Q= excess heat that needs to be dissipated in BTU/hr 

Cp= specific heat of plastic at constant pressure 

m= maximum mass flow rate of the plastic 

T2 = maximum temperature of the barrel without cooling 

T1 = operating temperature setpoint of the barrel  

The project sponsor provided the initial data needed for this computation. The maximum mass 

flow rate of melted LDPE/LLDPE production is around 850 lb/hr, with a specific heat of 0.52 to 

0.57 BTU/lb-F (Vlachopoulos and Strutt). 

The equipment does not have any historical data on the maximum temperature of the barrel 

without cooling; however, relative to the other extrusion process inside the plant that does not 

have any cooling, the temperature can reach up to 550oF. The operating temperature setpoint of 

the barrel ranges from 370 oF to 410oF as the mean value.  

This resulted in a total of 84,150 BTU/hr (24.662 kW) excess heat that needed to be dissipated to 

maintain the setpoint temperature. Table 2 shows the summary of data collected and the total 

amount of heat that needs to be removed from the system for cooling.  

Table 2 Summary of Collected Data 

Mass flow rate m 850 lbs/hr 
Maximum 

Temperature
T2 550oF 

Setpoint Temperature T1 390oF 

Specific heat of 
LLDPE

Cp 0.55 BTU/lb-oF 

Excess heat Q 
84,150.0 BTU/hr 

(24.662 Kw) 
Source: Original      
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3.2 DETERMINATION OF VOLUME FLOW RATE OF BLOWER  

The aim of sizing a blower is to determine the volumetric flow of air needed to dissipate the 

excess heat in each barrel zone. Using the following formula and applying the same principle in 

determining the excess heat: 

 

𝑄  𝑄     𝑚 𝐶𝑝 𝑇 𝑇 ) 

Where: 

 mair= mass of air 

 T1 = operating temperature setpoint of the barrel  

 T∞= average air temperature  

 Cp= specific heat of air  

Since the excess heat was already known, the mass flow rate of air needed to dissipate the same 

heat can be calculated. Using the properties of air from Appendix F, the specific heat of air at 

constant pressure is 1007 J/kg-K or 0.24 BTU/lb-F. For this calculation, an average temperature 

of 30oC or 86oF and humidity of 53% account for the worst conditions, as the hottest month in 

New Brunswick is July (Climate and Average Weather Year Round in New Brunswick). 

Using all the available data, the air's volume flow rate can be calculated using the density 

formula (Cengel, Boles and Kanoglu, Thermodynamics An Engineering Approach). 

𝑣
𝑚
𝜌

 

 

The specific volume can be obtained using the Psychrometric chart in Appendix F with a value 

of 13.6ft3/lb. This gives a density of 0.0735 lb/ft3 

. 
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Table 3 Sizing of Blower (CFM) 

 

Table 3 shows the amount of air needed in ft3/min (CFM) on each process capacity in lb/hr over 

the temperature difference of the process setpoint temperature and the temperature without 

cooling. For the data above, 279.84 CFM of air was needed to keep cooling. However, blowers 

should operate within 80% of their rated capacity. This ensures an adequate bearing and seal life 

and provides room for heat/ metal expansion (Newton). Accounting for 10% air losses on design 

and 1.20 factor of safety accepted in the industry, the blower size needed will be around 481 

CFM (Goslin) . Refer to Appendix G for detailed calculations. 

𝑣𝑜𝑙𝑢𝑚𝑒 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 𝐶𝐹𝑀  
𝐶𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 𝐶𝐹𝑀 𝑥 𝐹𝑎𝑐𝑡𝑜𝑟 𝑜𝑓 𝑠𝑎𝑓𝑒𝑡𝑦 𝑥 𝐴𝑖𝑟 𝑙𝑜𝑠𝑠𝑒𝑠 

𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦
 

𝑣𝑜𝑙𝑢𝑚𝑒 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 𝐶𝐹𝑀  
279.84 𝐶𝐹𝑀 𝑥 1.20 𝑥 1.1 

0.8
 

𝑣𝑜𝑙𝑢𝑚𝑒 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 461.7 𝐶𝐹𝑀 

400 450 500 550 600 650 700 750 800

CFM of blower needed for each zones

lbs/hr

100 5.49 14.63 23.78 32.92 42.07 51.21 60.36 69.50 78.65

150 8.23 21.95 35.67 49.38 63.10 76.82 90.54 104.25 117.97

200 10.97 29.26 47.55 65.85 84.14 102.43 120.72 139.01 157.30

250 13.72 36.58 59.44 82.31 105.17 128.03 150.89 173.76 196.62

300 16.46 43.90 71.33 98.77 126.20 153.64 181.07 208.51 235.94

350 19.20 51.21 83.22 115.23 147.24 179.24 211.25 243.26 275.27

400 21.95 58.53 95.11 131.69 168.27 204.85 241.43 278.01 314.59

450 24.69 65.85 107.00 148.15 189.30 230.46 271.61 312.76 353.92

500 27.44 73.16 118.89 164.61 210.34 256.06 301.79 347.52 393.24

550 30.18 80.48 130.78 181.07 231.37 281.67 331.97 382.27 432.57

600 32.92 87.79 142.66 197.54 252.41 307.28 362.15 417.02 471.89

650 35.67 95.11 154.55 214.00 273.44 332.88 392.33 451.77 511.21

700 38.41 102.43 166.44 230.46 294.47 358.49 422.51 486.52 550.54

750 41.15 109.74 178.33 246.92 315.51 384.10 452.68 521.27 589.86

800 43.90 117.06 190.22 263.38 336.54 409.70 482.86 556.03 629.19

850 46.64 124.37 202.11 279.84 357.58 435.31 513.04 590.78 668.51

900 49.38 131.69 214.00 296.30 378.61 460.92 543.22 625.53 707.83

Source:  Original

Maximum Temperature Without Controlled Cooling
Process 

Capacity
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3.3 BLOWER SELECTION 

Since the volume flow rate has been calculated, determining the actual size of the blower would 

be the next step. Blowers for industrial use were usually sized up on the capacity and the amount 

of static pressure generated.  

Centrifugal fans are typically used in industry due to their efficiency. Figure 4 shows an 

overview configuration of a centrifugal blower with casing and impeller blades. In addition, they 

are easy to maintain or repair due to minimal parts. They can also deliver maximum airflow with 

higher pressure than axial fans (Pelonis).  

 

 

 

 

 

 

 

 

 

 

For this application, the typical static pressure generated by the shroud was around 0.45" – 0.55" 

(11.43mm-12.7mm) of water, reducing the blower rating (Goslin). Appendix H is the list of 

blowers supplied by Motor-Pump-Ventilation.  

Another consideration is the selection of the blower motor to be used. For this project, a three-

phase motor blower was utilized. One of the advantages of a three-phase motor is power 

efficiency. It consumes 40% less current than a single phase to deliver the same power output. It 

Figure 4 Typical Centrifugal Blower 

Source: Original 
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also has fewer points of failure, thus, longer equipment life (Davis). Though a three-phase motor 

costs slightly more than a single phase, the cost will offset the long-term use of the equipment.  

 

Figure 5 Blower Curve of MB 14/5 T2 

Source: https://www.motor-pump-ventilation.com/merchant/product/centrifugal-fan-mb-3000-
rpm-three-phase 

 

Figure 5 shows the blower curve performance of MB 14/5 T2 0,25 by universal three-phase 

centrifugal blowers supplied by Motor-Pump-Ventilation with a rated capacity of 830 m3/hr ( 

489 CFM). This shows that at 0.45 inches of water gauge pressure, the blower can deliver 785 

m3/hr (463 CFM) of air, almost similar to the computed volume flow rate needed for cooling 

under atmospheric conditions. Refer to Appendix H for the calculated blower curve.  

3.4 HEATER BAND SELECTION 

The barrel is a 180 inches pipe divided into five zones requiring constant heating or cooling. 

Figure 6 shows the typical process inside an extruder wherein the screw creates a shear force to 

melt the plastic pellets from the hopper feed (McGwire). Though the barrel screw can generate 

heat, it is not enough to maintain the temperature needed for the plastic to melt homogeneously. 

The heater band would replace the bulky aluminum cast-in heater to supply 9000W of heat for 

each zone. 
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The ceramic heater bands were chosen to be used in this project over different kinds of heater 

bands, such as mica bands and mineral-insulated bands, for the following reasons: 

o Efficient heat transfer. 

o Minimizes unwanted change in temperature along the barrel. 

o Simplified wiring. 

o Flexible design for easy installation and removal for maintenance. (Heat and Sensor 

Technology) 

Figure 6 Simple Plastic Extrusion Process     
Source: https://www.rapiddirect.com/blog/plastic-extrusion-process/ 

Figure 7 Heat Loss Comparison Chart    
Source: https://heatandsensortech.com/products/ceramic-heaters/ 

 



13 
 
 

Figure 7 compares heat loss for insulated ceramic band heaters and non-insulated band heaters. 

This indicates minimal heat loss value for insulated ceramic band heaters with a gradual increase 

in slope.  

Another design consideration in selecting heater bands is the heat surface ratio that the heater 

bands occupy on the barrel. Since cooling was also needed in the system, sufficient exposed 

surface area to allow proper cooling should be considered. Each zone along the 8-inch barrel was 

20 inches long with a total surface area exposed of 502.65 in2. Appendix I is the catalogue of 

different ceramic heater band products from Tempco for different barrel diameters with widths 

and wattages. Since a 230V 60Hz electrical supply powers extruder No. 3, the selection may be 

narrowed down with Table 4. 

 

Table 4 Surface Area for Cooling and Heating for Ceramic Heater Bands 

Inside 
Diameter 
(Inches)  

Width  
(Inches) 

Wattage 

Heater 
Band 
per 

Zone 

Total 
Wattage 

Total 
Surface 

Area per 
Zone in2 

Surface 
Area for 

Heating  in2 

Surface 
Area for 
Cooling  

in2 

Percentage 

8 1.5 770 12 9240 502.65 452.39 50.27 90%

8 2 2000 5 10000 502.65 251.33 251.33 50%

8 4 3000 3 9000 502.65 301.59 201.06 60%

8 6 3500 3 10500 502.65 452.39 50.27 90%
Source: Original 

Each barrel needs at least 9000 Watts of heat to maintain process requirements. Table 4 shows 

that five ceramic heater bands with a width of 2 inches will generate 10,000W of heat, only 

occupying 50% of the surface area, leaving 251.33 in2 for cooling. Since the barrel consists of 5 

zones, a total of 25 of the 2-inch heater bands were needed and appropriately spaced to maintain 

the desired heat. Figure 8 shows the heater bands' basic parts: ceramic fibre insulation, threaded 

stud terminals, barrel nut clamp and stainless-steel case.  
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4.0 COOLING FINS DESIGN AND CALCULATION 

This section includes the design of cooling fins. Calculations of length and spacing were 

discussed, and the convective heat transfer coefficient of air was determined. The report came up 

with two designs, and recommendations were made based on the ease of fabrication. Material 

selection of the fin was also discussed in this section. 

4.1 COOLING FIN WRAP-AROUND DESIGN 

Cooling fins are commonly used in the industry to dissipate heat faster as it increases the surface 

area of the material to be heated or cooled. Fins extending from the wall into the surrounding 

fluid will increase the forced draft blower's convection rate (Incropera, Dewitt and Bergman 

139). For a 20-inches long zone section, 50% will be allotted for fins. For equally spaced 2-inch 

heaters bands, an optimum fin width design must be determined to maximize heat transfer.  

4.2 CONVECTIVE HEAT TRANSFER COEFFICIENT OF AIR 

Air's convective heat transfer coefficient was determined to calculate fin characteristics. For this 

application, the approximated value of the heat transfer coefficient for airflow may be 

determined using the below empirical formula (Convective Heat Transfer). 

Figure 8 Typical Ceramic Heater Band

Source: Original 
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Figure 9 Efficiency of circular fins of Length L and constant thickness t 

Source: Cengel, Heat Transfer A Practical Approach, pp. 162 

ℎ 12.12 1.16𝑣 11.6𝑣  

Since the formula was derived using SI units, air velocity was determined using Table 5 below. 

Appendix J shows the detailed calculation for the convective heat transfer coefficient of air.  

Table 5 Air and Barrel Characteristics 

Variable Definition Values

Do Diameter of the Barrel 0.203 m

L Length of Barrel per section 0.508 m

q Flow rate of Air 0.2179 m3/s

A Flow area of Air 0.324 m2

V Velocity of Air 0.672 m/s

hcw 
Convective Heat Transfer 

Coefficient 20.849 W/m2‐C 

Source: Original   
 

4.3 SIZING OF FINS 

The next step is to determine the length of the fins. It is essential to consider the proper fin length 

L for the design. Figure 9 shows the efficiency curve of circular fins of length L at constant 

thickness with respect to a geometrical parameter on the x-axis. The longer the fin, the larger the 

heat transfer area, but there are drawbacks such as weight, fluid friction and price. 
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Typically, "the efficiency of most fins in practice is above 90 percent" (Cengel, Heat Transfer A 

Practical Approach 163). For this calculation, 92% efficiency was used to determine the length L 

of the fin.  

Since the table was derived in SI units, the following data in Table 6 were used:  

Table 6 Fin Characteristics 

Parameters Values 

r1 0.127794 m 

r2 0.1143+L m 

t 0.0008128 m 

Efficiency 92 % 

Efficiency curve 1.2   

Source: Original   

 

A Gauge 20 material with an equivalent thickness of 0.8128 mm was used in the project. The 

thickness was selected for ease of fabrication and weight consideration. An efficiency curve was 

determined by trial and error to match the calculated length "L" to the estimated value of "L" on 

the geometrical parameter (x-axis). Appendix K shows the detailed calculations of fin size. 

Using the formula from Figure 9: 

𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝐶𝑢𝑟𝑣𝑒  
𝑟 0.5𝑡

𝑟
 

Where calculated L is 0.0247 m or approximately 1 inch.  

Checking for the value of L using the following formula for thermo-geometrical parameter: 

𝜀 𝐿 𝑡   
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Where:  

Table 7 Calculated Thermo-geometrical parameter. 

x from table 0.19 

L  0.02515235 m 

h  20.84949675 W/m2‐C 

k  401 W/m‐C 

x calculated 0.2044 

Source: Original

 

Table 7 shows the value of the thermo-geometrical parameter from the graph and the value from 

the above calculation. The graph analysis reveals that the value of the thermo-geometrical 

parameter closely matches the calculated value. Moreover, the calculated Length L falls within 

an acceptable range of the value obtained from the graph. 

4.4 FIN DISTANCE 

To maximize the cooling effects of fins, the optimum distance must be determined. "Fins that are 

closely packed will have greater surface area for heat transfer; however, because of the extra 

resistance on the additional fins, it reduces the heat transfer coefficient of the fluid" (Cengel, 

Heat Transfer A Practical Approach 474). 

 

Using the formula: 

𝑆 2.714 . ) 

Where: 

𝑅  
𝑔𝛽 𝑇 𝑇 𝐿

𝜈
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Table 8 Physical Characteristics of Air and fin design 

Parameter Definition Values Units  

g  Gravity  9.81 m/s2  

b 
coefficient of volume expansion 

1/Tf for ideal gas  0.00231541 oC  

Tf  Film Temperature  158.8888889 oC  

Ts  Process Temperature  287.78 oC  

T∞  Ambient Temperature  30 oC  
L  Length  0.960988688 m  

v  Kinematic Viscosity  0.00001608 m2/s  
Pr  Prandtl Number  0.7282    

RaL  Rayleigh Number  14634431778 347.8  

    

Soptimum  0.007498668 m  0.295  in 

Source: Original   
 

Table 8 shows the physical characteristics of air 

from Appendix F. From the calculations 

optimum distance was around 3/8 inch. 

Appendix K includes detailed calculations for 

fin distance. 

4.5 FIN DESIGN  

For this project, two fin types were designed to 

maximize heat dissipation. Refer to Appendix L 

for the fin design variation with dimensions. 

However, Figure 10 was chosen because of its 

effectiveness and ease of fabrication. Each zone 

would need 12 fins to maximize the surface area 

designed for cooling. The fins would be tightened 

securely by a locking mechanism fabricated to hold them firmly in place. Appendix L shows the 

detailed drawing for the annular fins and locking mechanism, which can be fabricated in-house. 

Installation of these fins should be staggered on each slot to allow maximum airflow in between. 

Figure 10 Fin Design 
Source: Original
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4.6 MATERIAL SELECTION 

Due to their thermal conductivity, aluminum and copper are two of the most typical materials 

commonly used in fin manufacturing. Table 9 shows the comparison of the two metals with their 

respective properties.  

 

Table 9 Copper and Aluminum Comparison 

Characteristics Copper Aluminum 

Thermal Conductivity (W/m-K) 401 237 

Density (kg/m3) 8933 2702 
Price/ metric ton (as of December 

2022) $8,375.40 $2,401.69 

Melting Point (K) 1358 933 

Sources: Heat Transfer: A Practical Approach (Cengel)
               https://ycharts.com/

 

Though copper's thermal conductivity almost doubled by aluminum's value, their price was a 

significant factor in the project's design.  

 

Using Computer-Aided Design (SolidWorks), thermal analysis between copper and aluminum 

has been simulated using peak temperatures inside the barrel. Figure 11 shows the temperature 

profile on each node taken across the barrel and the fins. From this result, copper has a higher 

Figure 11 Thermal Analysis of Copper and Aluminum 
Source: Original 
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average temperature conducted through natural convection over aluminum. The simulation was 

conducted in a steady state condition with 405oF (210oC) as the maximum temperature inside the 

barrel. The average temperature on the tip of the fins was 191oC for copper and 186 for 

aluminum. Since time delay in cooling and heating is very critical for the application of the 

project, copper fins were recommended to be used. Though copper is more expensive than 

aluminum, it would offset the price by the cost of operation over time by reducing the time for 

cooling, thus saving energy in running the blowers.  

 

5.0 SHROUD DESIGN 

This section covers the design of the blower shroud and the process of choosing the suitable 

material. Thermal and flow simulation was done to come up with the optimal design. 

5.1 DESIGN CONSIDERATION AND MATERIAL SELECTION 

One of the most important design 

considerations for the project was the 

blower shroud. The shroud channels the 

forced air from the blower to the barrel and 

fin's exposed surface area. It is also 

essential for safe operation since the shroud 

covers the hot barrel preventing any 

exposed hot surfaces. This project's design 

comprises an upper and lower shroud 

connected by a socket head cap screw in 

between for faster installation and 

troubleshooting. Figure 12 shows the upper 

shroud with equal space slots to allow maximum air retention time of air inside, thus facilitating 

better heat transfer. Louvres were installed on the air outlet, which opens when the blower 

operates, directs the air out, and closes when it turns off. This would decrease the heat loss due to 

natural convection and radiation when the system needs heating and heater bands are activated. 

Figure 12 Upper Shroud Assembly 

Source: Original 
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On the other hand, the lower shroud would be connected to the main blower, housing the 

electrical components of the heater bands on the side. Slotted holes were made with just enough 

room for wires. This enhances the airflow rate by minimizing losses coming out of the side of the 

shroud and then being covered by a plate flange. Baffles were also designed at the entrance of 

the air coming out of the blower to direct the flow of air to maximize forced convection. Figure 

13 shows the cross-sectional drawing of the lower shroud. Guage-11 or 0.125" thick 304 

Stainless Steel was chosen to fabricate the upper and lower shroud and electrical slots. Stainless 

steel is suitable for this application due to its corrosion resistance. Aside from the ease of 

fabrication when dealing with stainless steel plates, SS304 is 40% lower in price than its 

counterpart SS316. For the application of products not exposed to chemicals or marine 

environments, 304 is a practical and economical choice (Geise). Appendix M shows the detailed 

drawing for the upper and lower shrouds.  

 

 

 

Figure 13 Lower Shroud Design 

Source: Original 
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5.2 EQUIPMENT CONFIGURATION 

Each zone comprises five 2-inch ceramic heater bands spaced evenly along the barrel. The 

approximate distance for each heater band was 2 inches. The cooling fins fill those gaps, three 

for each space and 12 fins for each zone. Four copper clamps hold the whole assembly and 

tighten securely by socket head screw. The upper shroud consists of slotted airways along the top 

and 12 flappers for the airways. Note that the middle was intentionally left without a flapper to 

make room for the thermocouple. The lower shroud has nine air baffles to direct the air, 

especially to the side of the assembly. Finally, a cover for the lower shroud for the electrical 

access must be installed with nine slots to ensure minimal air loss and dissipate heat accumulated 

by the heater wires. Figure 14 shows the exploded view of one of the barrel zones. This 

configuration would be the same for all five zones along the barrel. 

 

Figure 14 Exploded view. 
  Source: Original 
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5.3 THERMAL AND FLOW SIMULATION DESIGN 

Using Computational Fluid Dynamics (CFD) to determine the behaviour of parameters such as 

airflow and temperature profile of the barrel, a test was conducted for the actual condition of the 

barrel. For the simulation, one barrel zone was used for the study and the maximum temperature 

of 405oF (207oC) for the molten plastic. A temperature of 30oC (85oF) for air was used for the 

simulation, which is the average temperature during summer. Figure 15 shows how forced air 

distribution dissipates heat in the barrel zone at a given time. Red areas show the average 

temperature of the air at 83.29oC and a 53.29oC change in temperature from the air inlet to the air 

outlet. Furthermore, the heat transfer rate of the barrel was 3,486.877 Watts, and the convective 

heat transfer of air around the barrel was around 611.011 watts. 

A detailed study conducted using CFD and flow simulation is found in Appendix R. As a 

comparison for the analysis, for the same boundary conditions of a single zone, Figure 16 shows 

the temperature gradient on the cross-sectional area of the barrel with and without fin conditions. 

This confirms the effectivity of the copper fins along the barrel, as the temperature on the outer 

surface is much lower than those without fins.  

Figure 15 CFD Analysis     

Source: Original 
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6.0 MOUNTING DESIGN AND CALCULATION 

Since most of the materials used were stainless steel, the bolts were also stainless steel for the 

same reason stated in the shroud section. A standard 5/16" socket head cap screw was used for 

initial calculations. 

6.1 SHROUD 

For this calculation, the identified critical 

component for the fastener would be the barrel 

clamp shown in Figure 17. The detailed 

specifications for fabricating copper clamps to 

hold the assembly can be found in Appendix M. 

For this setup, if the upper shroud is removed, 

only four bolts would hold the entire assembly 

along the barrel. Basing all shear stress 

calculations for the bolt on this location would 

be ideal. 

180

190

200
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Temperature Comparison

With Fins No Fins

Figure 17 Copper Clamp Assembly 

Source: Original 

Figure 16 Temperature Condition Comparison 

Source: Original 
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This arrangement was a single shear due to the single cross-section area of the bolt applied in 

shearing force (Mott and Untener 34). Using the formula for direct shear stress below, the shear 

stress of 231 psi and way less than the allowable shearing stress of the bolt from Appendix N. 

Table 10 summarizes the calculation for the direct shear stress of a single bolt.  

Direct shear stresses τ =  
Force

Shear area
  = 

F

As
 

 

Table 10 Shear Stress Calculation 

SHEAR
Force F Weight of the lower shroud and blower 35.435 lbs

Area Shear area of the bolt 0.0767 in2

Direct Shear Two bolts carrying the load 231 psi
Maximum Shear Maximum allowable shear strength 3450 psi
Decision  SAFE 

Source: Original   
 

A ¼"-standard socket head screw was used for the lower shroud cover since minimal load or 

force is acting. Appendix N also recommends tightening torque for each bolt at 170 in-lbs. 

6.2 BLOWER 

Bolts on the blower would be subjected to tensile load since they carry the actual weight of the 

blower. The vibration created by the equipment was also considered for the design. Using the 

same formula for the stress, Table 11 shows the tensile stress calculation.   

Table 11 Tensile Stress Calculation 

TENSILE
Force F Weight of the blower 15.435 lbs

Area Area of the bolt (Minimum Diameter) 0.07321 in2

Direct Shear Four bolts carrying the load 52.7112 psi
Maximum Shear Maximum allowable tensile strength 4200 psi
Decision  SAFE 

Source: Original  
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It was also recommended to use nuts and washers and tighten them according to the correct 

specification to ensure bolts do not loosen during operation. 

7.0 ELECTRICAL AND INSTRUMENTATION  

This section covers Electrical and Instrumentation aspects related to integrating the new 

equipment into an existing setup. It provides a detailed schematic wiring diagram for each zone, 

showing the connection for each piece of equipment integrated into the existing controllers. 

Meanwhile, the instrumentation diagram examines the controllers used to regulate temperature 

setpoints and how the controller reacts to temperature changes in each zone. Figure 18 shows the 

existing configuration of the controllers. This setup remains since it has provisions to change 

from a water pump to a set of blowers.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 18 Control Panel Configuration     
Source: Original 
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7.1 ELECTRICAL DIAGRAM 

Figure 19 shows the schematic wiring diagram of each zone integrated with the existing setup. 

Primarily, the thermocouple sends the signal to the model 2208e controller, which then dictates if 

it needs to activate the heater through the power regulator controller or turn on the motor 

blowers. Heaters run into a single phase, while the blowers run in a three-phase system. Blowers 

need magnetic contactors for ease of installation and the operator's safety (Aaron Lee; Chad 

Flinn). The diagram was referenced from the Installation and Operation Handbook of 2208e and 

2204e Controller provided by the project sponsor.  

 

7.2 INSTRUMENTATION DIAGRAM 

For controlling temperature setpoints and operation of the blowers and heaters, 'EUROTHERM' 

model 2204e is currently used in the same equipment running into a water-cooled system. The 

current instrumentation controllers can be integrated into the new design, and the diagram below 

shows the current setup and the modification needed for the new setup. These controllers do not 

need any coding and can be manually installed. Figure 20 shows the block diagram of the 

Figure 19 Electrical Diagram per Zone    
Source: Original 
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controller for the new setup. The design was patterned to the old process and adapted to the 

proposed project. The process starts on the thermocouple that sends the signal to the controller. 

The control then decides what error must be corrected. From then, PID controls whether it is for 

cooling or heating. This cycle continues and turns the blower and heater bands on and off until 

the desired temperature is achieved.  

 

Figure 20 Process Flow Diagram   
Source: Original 

 

8.0 PROJECT DESIGN COST 

The cost of materials can be divided into three parts: shroud and accessories, heater bands fins 

and clamp, and blowers and accessories. Since this project was a major conversion, the initial 

cost of procuring all the materials was relatively high.  

8.1 SHROUD 

The upper and lower shroud must be fabricated using Stainless Steel 304 material. Due to its 

complex design and the limitations of tools, shrouds cannot be fabricated in-house; therefore, 

they must be outsourced. Tempco offers fabrication of existing designs for upper and lowers 
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shrouds for an average of USD 975.00 each or CAD 1,327.80 (Goslin). Table 12 shows the 

summary of the cost for the shroud and accessories.  

Table 12 Cost of Shroud and Accessories 

EQUIPMENT QUANTITY PRICE/UNIT TOTAL PRICE 

Shrouds 5 $      1,327.80  $        6,639.00  

Bolts 5/16" 20 $            0.69 $            13.80  

Nuts 5/16" 20 $            0.17 $              3.40  

Washer 5/16" 20 $            0.11 $              2.20  

Bolts 1/4" 90 $            0.57 $            51.30  

Nuts 1/4" 90 $            0.12 $            10.80  

Washer 1/4" 90 $           0.14 $            12.60  

Total $        6,733.10  

Grand Total with Tax  $      7,743.07  

Source: Original    
 

8.2 HEATER BAND, FINS, AND CLAMP 

Fins and Barrel clamps can be fabricated in-house at the workshop using basic tools. Appendix 

M shows the dimensions for each design. For this calculation, manpower hours and consumables 

were not included in the computation. A total of 4510.0 in2 or 31.32 ft2 of the copper plate was 

needed to manufacture all fins, clamps and locking mechanisms.  

A 2"-2000Watts heater has been selected for the heater band. Since mounting and bolts were 

included in the package, they were not included in the cost calculation. Table 13 shows the cost 

of each material.  

Table 13 Cost for Copper and Heater Bands 

EQUIPMENT QUANTITY PRICE/UNIT TOTAL PRICE 
Copper Sheet 

(8x4ft)  2 $        612.99 
 $        1,225.98  

Heater Band (CEH-
BCH00086) 

25  $        141.29  $        3,532.25  

Total $        4,758.23  

Grand Total with Tax  $      5,471.96  

Source: Original    
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8.3 BLOWER AND ACCESSORIES 

Table 14 shows the cost of blowers and auxiliaries needed for the conversion. Commercially 

available blowers can be purchased within the specifications required for each zone. Referring to 

Figure 16, only the Model 2208e controller can be reused for the existing setup; therefore, all the 

equipment on the proposed configuration must be purchased. Insulated copper wire with 16 to 22 

AWG (American Wire Gauge) must be used per the manufacturer's recommendations. 

Table 14 Cost for Blower and Accessories 

EQUIPMENT QUANTITY PRICE/UNIT TOTAL PRICE 

Blower 5 $        432.40  $        2,162.00  

Three-Phase Mini 
Circuit Breaker 5 $          76.52 $           382.60  

Magnetic Contactor 5 $          56.75 $           283.75  

Power Regulator 
Single Phase 5 $          54.76 $           273.80  

Switch Selector 5 $          28.00 $           140.00  

Copper Wire 2 $        202.29 $           404.58  

Bolts 5/16" 20 $            0.69 $            13.80  

Nuts 5/16" 20 $            0.17 $              3.40  

Washer 5/16" 20 $            0.11  $             2.20  

Total $       3,666.13  

Grand Total with Tax  $      4,216.05  

Source: Original    
 

 

 This sums up to $ 17,431.08 of material cost to complete the project. Appendix P is the list of 

websites for the price reference of each item. 

 

9.0 COST ANALYSIS 

The focus of this section is to evaluate the cost associated with converting a water-cooled system 

into an air-cooled one. This section discusses the financial implications of the project and how 

this project would be beneficial for the company in the long term. 



31 
 
 

9.1 COST-BENEFIT ANALYSIS 

As stated above, the conversion cost for this project was  $ 17,431.08. While the initial 

investment required for this conversion was significant, long-term benefits and operational 

efficiency improvement could lead to substantial cost savings over time. This section focuses on 

the running cost comparison between the two setups. Assuming the pump runs 350 days a year, 

24 hours a day. The remaining days were assigned for scheduled pump maintenance. Plant 

record also shows that they consume around 1.5 gallons of water daily and must top up. Since 

the whole plant has a central factory for glycol, this cannot be quantified on a daily basis. 

However, a 10% glycol consumption based on distilled water has been assigned for this 

calculation. Prices were sourced from Appendix P.  

  
Yearly Operating Cost of Pump 

   Quantity (gal)  Price/Unit Total Cost 

Glycol  52.5  36   $   1,890.00  

Distilled 
Water  525  3.63   $   1,905.75  

Running Cost         $   1,337.25  

      Total    $   5,133.00  

   Grand Total with Tax      $   5,902.95  

Source: Original 

 

Table 15 summarizes the operational cost of running the water-cooled system and auxiliaries. It 

includes using distilled water and glycol and running the pump annually. On average, Saint John 

Energy charges around 10.67 cents per kWh (Saint John Energy Rates). The operating costs do 

not include the glycol cooling in the central cooling factory, which will add up to the cost 

reduction after conversion. Additionally, there was a significant energy cost difference between 

the two systems. Studies show that air cooling systems save between 7 percent to 80 percent of 

electricity compared to water cooling (McGwire). On a conservative assumption of 20% saving, 

the cost to operate an air-cooled system is around $ 1,069.8, significantly lower than operating a 

water-cooled system. Table 16 shows that an annual saving of 79.2% in terms of operating costs 

can be achieved by switching to an air-cooled system. 

Table 15 Pump operational Cost
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Yearly Operating Cost of Blowers 

Running Cost  $  1,230.27 

Savings 

Overall Saving  $  4,672.68 

Annual Saving Percentage  79.2% 

Source: Original 

 

9.2 RETURN ON INVESTMENT 

The analysis of the ROI for this project was focused on cost savings. This project aimed to 

reduce the opportunity lost in production due to frequent shutdowns. Extruder 3 can generate 

$18,000 of profit in a 24-hour operation, provided that no unforeseen shutdown may hinder 

production. In addition, the company lost $750 per hour every time there was a problem with the 

water-cooled system. 

Moreover, pump systems for industrial setup commonly have a lifespan of 15 to 20 years (U.S. 

Department of Energy). Considering that Extruder 3 has been in use since 1992 and has been 

operational for almost 31 years, the company should upgrade the equipment to meet the demand. 

In contrast, a high-quality fan may last up to fifty years, provided it receives regular service and 

maintenance schedule (What is an industrial fan's life span?).  

As mentioned, the expected annual cost savings is $4,672.68 per year. Doing the calculation 

would result in the following: 

Payback period: $ 17,431.08 /$ 4672.68 = 3.73 years 

Total expected cost savings over equipment life: $4,672.68/year x 50 years (life expectancy of 

blowers) = $233,634.  

Total Expected Return on Investment (ROI): ($233,634/ $17,431.08 ) x 100% = 1,340.33% 

Based on the calculations above, the project was economically doable, with a payback period of 

around three and a half years. Over the lifespan of the blowers, the expected ROI was 

1,340.33%, indicating that the project has excellent potential to provide significant returns in 

terms of savings. Note that the computation does not include income generated by the machine 

Table 16 Operational Cost Comparison
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due to equipment upgrades. The project is a wise investment with relatively short payback and 

significant potential profits.  

 

10.0 CONCLUSION AND RECOMMENDATION 

This project focuses on converting water cooled system into an air-cooled system. As stated in 

this study, conversion has many benefits, such as cost-effectiveness, less maintenance, and 

energy efficiency. This also eliminates the need for distilled water and glycol as part of the 

water-cooled system.  

This report can be summarized into four categories.  

 Determining the size of the blower based on heat calculations. 

 Proper selection of heater bands for heat load demand 

 Designing a shroud that can improve the airflow. 

 Installation of fins for better cooling. 

Based on the calculations, purchasing a three-phase blower was recommended since it draws less 

current when starting. Furthermore, five heater bands with a heating capacity of 2000W must be 

installed along the barrel to meet the maximum heat demand of 9000 W when in need. The 2" 

heater band was chosen because it has the best surface area ratio for cooling and heating. 

Installation of fins would help the heat transfer, thus saving energy in running the blowers. It is 

recommended to fabricate the fins in-house to minimize the cost of production. Finally, a shroud 

design with baffles to direct the airflow and flappers on the air outlet to minimize natural 

convection and radiation would add to a more economical design.  

Further study is recommended to add variable frequency drives (VFD) for each blower. The 

installation of VFDs can help regulate the speed of the blowers, resulting in significant energy 

savings instead of just turning them on or off. In addition, a study to capture the heat dissipated 

and redirect it to the areas where it can be useful can add up to the plant's overall efficiency. 

It is also recommended that the new equipment assembly be installed during the equipment 

schedule maintenance shutdown so as not to disrupt the regular operation. 
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At a total cost of $ 17,431.08  for the whole assembly of the conversion, Inteplast Bags & Films 

Corporation could maximize the equipment's capacity by increasing throughput and decreasing 

downtime. Overall, the project shows a return on investment in less than four years and a 

1,340.33% return on savings over the equipment's life span, which aligns with the company's 

goal for continuous improvement.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



35 
 
 

WORKS CITED 

 

Aaron Lee; Chad Flinn. Basic Motor Control. 2020. Web Page. April 09 2023. 
<https://opentextbc.ca/basicmotorcontrol/chapter/magnetic-motor-
starters/#:~:text=For%20the%20control%20of%20three,of%20wiring%20for%20the%20
installer.>. 

Cengel, Yunus A. Heat Transfer A Practical Approach. Texas: Mcgraw-Hill , 2003. Book. 

Cengel, Yunus A., Michael A. Boles and Mehmet Kanoglu. Thermodynamics An Engineering 
Approach. New York: McGraww-Hill Education, 2019. Book. 

"Climate and Average Weather Year Round in New Brunswick." 25 May 2018. Weather Spark. 
Cedar Lake Ventures, Inc. Website. 28 01 2023. 
<https://weatherspark.com/y/23779/Average-Weather-in-New-Brunswick-New-Jersey-
United-States-Year-Round>. 

Convective Heat Transfer. 2003. Website. 18 02 2023. 
<https://www.engineeringtoolbox.com/convective-heat-transfer-d_430.html>. 

Davis, Tim. SINGLE-PHASE VS. THREE-PHASE POWER. 14 February 2020. Web Site. 02 
March 2023. <https://insights.tanktemp.com/blog/single-phase-vs.-three-phase-
power#:~:text=Power%20Efficient,tonnage%20while%20pulling%20less%20amperage.
>. 

Energy, Saint John. Saint John Energy Rates. 2023. Web site. 28 March 2023. 
<https://www.sjenergy.com/pages/saint-john-energy-rates>. 

Geise, Sarah. Kloeckner Metals. 09 August 2021. web page. 01 03 2023. 
<https://www.kloecknermetals.com/blog/304-stainless-steel-vs-
316/#:~:text=Price%20Difference%20of%20304%20Stainless%20Steel%20vs%20316&t
ext=The%20increase%20of%20nickel%20content,the%20price%20of%20304%20SS.>. 

Goslin, Zach. Air Cooled Barrel Inquiry. 607 N. Central Ave. Wood Dale, IL 60191, 01 March 
2023. E-mail. 

Heat and Sensor Technology. n.d. 29 01 2023. <https://heatandsensortech.com/products/ceramic-
heaters/>. 

Incropera, Frank P., et al. Fundamental of Heat and Mass Transfer. Hoboken, Nj: John Wiley, 
2007. Book. 

McGwire, Tad. Process Heating. 1 November 2016. Web site. 27 January 2023. 
<https://www.process-heating.com/articles/91919-water-vs-air-cooling-during-plastics-
manufacturing>. 



36 
 
 

Mott, Rober L. and Joseph A. Untener. Applied Strength of Materials Seventh edition. New 
York: CRC Press, 2022. Soft Cover book. 

Newton, O.A. https://www.oanewton.com/post/rule-of-thumb-optimal-blower-design. 22 January 
2021. Website. 29 January 2023. 

Pelonis, Sam. Axial Vs. Centrifugal Fans. 4 November 2015. 03 March 2023. 
<https://www.pelonistechnologies.com/blog/axial-vs.-centrifugal-
fans#:~:text=Centrifugal%20fans%20also%20offer%20distinct,for%20sustaining%20lar
ger%20air%20systems.>. 

U.S. Department of Energy. January 2001. Pump Life Cycle Costs: A Guide To LCC Analysis 
For Pumping Systems. 29 March 2023. 
<https://www.energy.gov/eere/amo/articles/pump-life-cycle-costs-guide-lcc-analysis-
pumping-systems-executive-
summary#:~:text=Pumping%20systems%20often%20have%20a%20lifespan%20of%201
5%20to%2020%20years.>. 

Vlachopoulos, John and David Strutt. "Basic Heat Transfer and Some Applications in Polymer 
Processing." 2002. http://www.polydynamics.com/fra_library.htm. Pdf. 28 01 2023. 
<http://www.polydynamics.com/fra_library.htm>. 

"What is an industrial fan's life span?" 2023. 29 March 2023. <https://www.aireng.com.au/what-
is-an-industrial-fans-life-
span/#:~:text=A%20good%20quality%20fan%2C%20with,for%20up%20to%20fifty%20
years!>. 

 

 

 

 

 

 

 

 

 



 

APPENDIX A: STR  APPROVAL FORM 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Original 



 

 



 

 

 

 

 

 

 



 

APPENDIX B: STR FORMAL PROPOSAL 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Original 



 
 

TO:  Jay Fletcher 
COPIES: Rob Linden 
FROM:  Bryan Mendoza - MET 
DATE:  27 November 2022 
 
SUBJECT: FORMAL PROPOSAL for NBCC-SJ Senior Technical Project and Report —MET 
 Project Title: Converting Extruder No. 3 Barrel from Water-Cooled to Air-

Cooled System at Inteplast Bags & Films Corp. 
 
 
ATTACHMENTS:   Appendix A – List of Project Deliverables 
   Appendix B – Weekly Work Plan Schedule  
   Appendix C – Available Project Resources 
    
 
BACKGROUND TO PROJECT 
 
Plastic extrusion is a process in a manufacturing plant wherein plastic materials are fed from a silo into 
the barrel of an extruder. The plastic material is gradually melted using external heat and the friction 
between the screw and the barrel itself and is divided into different zones. These zones need to 
maintain a specific temperature to run smoothly. 
Inteplast Bags and Films Corporation is a plastic manufacturing company in Saint John, New Brunswick,
that uses a blown film extrusion process at the beginning of its production. Extruder barrels need to 
heat & cool to maintain the desired operating temperature.  
Currently, extruder number 3 uses a water-cooled system using a single pump and a reservoir that runs 
continuously even if the unit does not need cooling. Though the system uses distilled water for the 
cooling system, clogging and scaling along the line causes the cooling to be inefficient. Furthermore, 
glycol is supplied from the temperature-controlled factory process system as a heat exchange medium 
for the water, which adds to the unit's operating cost. All this causes a significant setback in the 
operation of the plant, including maintenance of the pump and motor, which results in a consequent 
loss in the production opportunities of the plant.   
 
 
As a mechanical engineering technology student at NBCC, I have acquired knowledge through my 
instructors to develop the skills necessary for this project. This project is suitable for applying 
engineering subjects such as heat transfer, fluids and machinery, cooling using force draft blowers, 
design, blueprint reading, AutoCAD and SolidWorks, and communication skills. To solve the stated 
problem and come up with a suitable solution within specifications and costs, I will need to apply all 
necessary knowledge with the support of my instructors, my advisor, and my project sponsor.  
 

 
PROJECT DESCRIPTION / SCOPE  
This project aims to convert the existing water-cooled barrel for extruder 3 to an air-cooled system at 
Inteplast Bags & Film Corp. and improve the following: 
 
 

o Improve overall plant efficiency by eliminating equipment running (in this case, pump and 
motor) even not in use 

o Reduce operating costs by eliminating the use of glycol as a heat exchange medium. 
o Maximize the use of energy through the use of an improved airflow diffuser along the barrel. 

 
This project includes heat calculations of the existing setup and the design of an air-cooled system that 
will replace the current setup with better efficiency. The success will be evaluated by the efficiency and 
cost of the project. 
 

 

 



  

a) Project Deliverables 
A list of project deliverables is included in Appendix A: "List of Project Deliverables." To be able 
to achieve the desired outcome of the project, I will need to: 
 

o Study the overall plant setup and operation.  
o Included CAD models for proposed modification and assembly 
o Calculating heat dissipated by the extruding barrel and the heat transfer from the 

barrel to the water-cooling system. 
o Using the calculated heat flow rate, compute the required airflow needed to dissipate 

the same amount of heat. 
o Sizing of blowers/blowers for each zone on the barrel 
o Mounting calculations and design recommendations on how to install the 

blowers/blowers 
o Integrate existing Process Logic Control into the newly installed equipment. 
o Design costs and cost-benefit analysis 

 
b) Schedule 

This project requires frequent plant visits to gather information necessary for preliminary 
design concepts. Company-owned devices such as thermal cameras, measuring tools, and 
mechanical means will be needed to access hidden parts required for this project. Thorough 
Research is also essential on the subject matter to fully understand the concept and apply it in 
this project. Attached is Appendix B: "Weekly Action Plan Schedule," which gives an overview 
of the timeline needed to complete the project.  
Significant milestones for this project include: 
 

o Having a clear and concise calculation of heat transfer for the existing setup, which 
provides for data collection, actual measurements, and applying engineering formulas 

o Sizing up equipment such as blowers and their auxiliaries  
o Design an airflow system that will maximize the transfer of heat 
o Final recommendation and suggestions for suppliers in the market that suits the best 

quality yet at an economical price 
 
 

 
FEASIBILITY 
 

a) Personal Credentials: 
With my experience working in the oil and gas industry for the past years, I've gained skills 
such as critical thinking and attention to detail that I needed to complete this project. I am 
immersed in different kinds of mechanical equipment, such as stationary and static, and relate 
those experiences to the actual design. Furthermore, with my current job as a restaurant 
server, I have gained soft communication skills, which are very important for the field I am in 
right now. Lastly, New Brunswick Community College has taught me all the technical 
knowledge needed to be competent and fit to finish this project. 
 
 
 

b)  Resources: 
I will utilize a variety of resources to guarantee the timely and effective execution of this 
project. Appendix C: "Available Project Resource" summarizes tools needed to finish this 
project promptly. In addition to the resources already mentioned, my advisor, Jay Fletcher, will 
help me understand the concepts and put them into practice through his expertise on the 
subject.  

 
 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

REQUEST FOR AUTHORIZATION 
 
With all the documents presented and all the plans set in place, I hope this will be satisfactory to 
convince you that I am fit for this project. With this, please accept my proposal and give me the 
authorization to begin my project at Inteplast Bags & Films Corp. 
 
The experience and knowledge I will gain in this project will significantly help the company and 
improve the skills I can use to find an employer. 
 
Regards,  
 
 
Bryan Mendoza 
MET-2 Student 
 
 
 
 
 
 
 
 
 



 

 
 
 

Appendix A: List of Project Deliverables       Date: 27 November 2022
Name, Program: Bryan Mendoza-MET  
Project Title: Converting Extruder No. 3 Barrel from Water-Cooled to Air-Cooled System at 
Inteplast Bags & Films Corp. 
Sponsor: Ron Loughery-Maintenance at Inteplast Bags & Films Corp., Saint John 
 

 
Project Deliverables 
The following project deliverables will be included in the final submission of the report. 
 

o Any drawing required, including 
 2D and 3D CAD for the existing setup 
 2D and 3D CAD drawings/models for the proposed modification & assembly 
 Electrical diagram and instrumentation controls diagram, P&ID 

o Tables and charts, and diagrams that are needed, especially for temperature profiling. 
o Complete bill of materials on the latest equipment prices available 
o Computation of the project design cost 
o All heat and mass load calculations, equipment ratings, flow rates, material specifications and 

the like. 
o Cost Benefit Analysis and future cost-effectiveness of the project 
o ROI Analysis 
o Mounting Calculations 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

Appendix B: Weekly Work Plan Schedule                  Date: 27 November 2022
Name, Program: Bryan Mendoza-MET  
Project Title: Converting Extruder No. 3 Barrel from Water-Cooled to Air-Cooled System at 
Inteplast Bags & Films Corp. 
Sponsor: Ron Loughery-Maintenance at Inteplast Bags & Films Corp., Saint John 
 
 
Weekly Work Plan Schedule 
All STR Project *DELIVERABLES* are mentioned at appropriate times in the following Work Plan.  
 
Previous Work Completed 
 
o Plant Visit and overall operation 
o Meeting with Ron Loughery concerning the project 
o Establish a structured daily Logbook 

 
 

November 7-13 
 
o Start the Project Proposal and Weekly Workplan 
o November 10th Meet with Project Sponsor on-site—take notes on proposed work-plan 

schedule/restrictions… 
o Review plant rules and production 
o Establish CAD requirements 
o Gather background information on the topic/company  
o Begin review of background data on the problem 
o Consult with my Technical Advisor regarding the proposed work plan 

 
November 14-20 
 
o Complete review of background information 
o Gather field data for the project, including temperature profiling on each zone of the barrel 
o Calculation of heat dissipated by the extruding barrel and the heat transfer from the barrel to the 

water-cooling system 
 

November 21-27 
 
o The initial design of air flow ducting wrapped around the barrel to maximize heat dissipation from 

the barrel to the atmosphere 
o Computation for the volumetric flow rate required to size up the blowers needed 
o November 27th -Submit formal STR Proposal and Weekly Workplan with all required Appendices 

to the Assignment Dropbox COMM & ETTG *DELIVERABLE* 
o Communicate with the project sponsor for additional data needed for the computation 
 
November 28-December 4 
 
o Meet with Project Sponsor to approve the project schematic and review the data 
o Begin literature review 
o Discuss project solutions with Technical Advisor 
o Begin to compile a list of options and recommendations 

 



 

 

December 5-11 
 
o Finalize existing project schematic on CAD 
o Prepare a draft list of recommendations/options for discussion with the Project Sponsor 

*DELIVERABLE* 
o Meet with Ron Loughery for any suggestions about the progress of the project 
o Review SolidWorks and begin to model the design  
o Review AutoCAD and begin to model the existing setup  
o Update the logbook from time to time 

 
December 12-18 
  
o Start doing all CAD drawings for the existing setup and proposed modification and assembly 
 
December 19-January 1 
 
o Christmas Break 
o Continue doing CAD drawings for the existing setup and proposed modification and assembly 

 
 
January 2-8 
 
o Finalizing CAD drawings and having Graham Moore take a look at the files *DELIVERABLE* 
o Research electrical diagrams and instrumentation, and controls needed for the project 
o Research on mounting calculations for the modified design to the existing setup 
o Start Researching vendors for suitable equipment needed and suppliers for possible fabrication of 

design.  
 
January 9-15 
 
o Design for the Electrical Diagram and instrumentation control diagram 
o Design the mounting of the proposed modification to the existing setup 
o Finalizing the equipment and the inventory of all materials needed for the project, ie. Bolts, 

fasteners, clamps, wires etc.  
o Update the logbook from time to time 
 
January 16-22 
 
o Finalizing Design for Electrical Diagram and instrumentation control diagram *DELIVERABLE* 
o Finalizing the mounting design of the components. *DELIVERABLE* 
o January 22nd- Submission of Progress Report to the Assignment Dropbox by 11:59 pm; email 

advisor to request a meeting via teams and include Rob Linden in the correspondence to review 
progress *DELIVERABLE* 

 
January 23-29 
 
o Research topics on cost-benefit analysis and rate of investment using collected data 
o Research on the computation of project design costs 
 
January 30-February 5 
 
o Start computation for the cost-benefit analysis and rate of investment using the collected data 
o Putting up together all reports and starting drafting for the STR by the standards 
 
 



 

 

February 6-12 
 
o Finalizing computation for cost-benefit analysis and investment rate using the collected data and the

project design costs. *DELIVERABLE* 
o Going back to all sessions that are helpful for the STR, such as video recordings of Rob Linden and 

Sarah Wilson 
 
February 13-19 
 
o Finalizing the report and having someone take a look at it. (possibly other instructors and/or my 

advisor if there is any point missing, additional data to be added etc.) 
o Meet with Rob Linden for the formatting of the STR 
 
February 20-26 
 
o Final checking of the report before submission. 
o February 26th- Submit the initial Submission to the Assignment Dropbox by 11:59 pm 

*DELIVERABLE* 
 
February 27-March 5 
 
o Meet with Ron Loughery for any additional input on the initial submitted STR 
o Meet with Jay Fletcher for any revisions on the project 
 
March 6-12 
 
o Finalize report 
o Completion of the front matter of the report 
 
March 13-19 
 
o Start working on the PowerPoint slide presentation 
o Start proofreading the report 
 
March 20-26 
 
o Continue working on the slides and start preparation for the STR presentation 
o Finalize report and start printing final STR (if there is no revision) 
 
March 27-April 2 
 
o Finalize PowerPoint slides and prepare some answers to possible questions that might be asked 
o Final touch-up on the report and have it ready on original hard copy, digital e-copy, flash drive  
 
APRIL 3-10 
 
o April 10th Submit copies of the Senior Technical Report as outlined in class *DELIVERABLE* 
o Practice STR presentation 
o Invite Sponsor to attend Presentation (date/time/NBCC E2001) 
 
APRIL 11-14  
 
o Prepare and practice STR Presentation  
o Presentation are 12,13, 14th in the PEF (E-2001) 
 



 

 
 

 
 
 
 
 
 
 
 
 
 

Appendix C: Available Project Resources                Date: 27 November 2022 
Name, Program: Bryan Mendoza-MET  
Project Title: Converting Extruder No. 3 Barrel from Water-Cooled to Air-Cooled at 
Inteplast Bags & Films Corp. 
Sponsor: Ron Loughery-Maintenance at Inteplast Bags & Films Corp., Saint John 
 
 
List of People Contacted or to be Contacted:  

o Jay Fletcher 
o Joshua Murray 
o Dana Betts 
o Shannon Milutin 
o Graham Moore 
o Rob Linden 
o Ron Loughery 

Topics to be Researched: 
o Heat transfer 
o Fluid Mechanics 
o Plastic Manufacturing/Plastic Extrusion 
o Process Heating: Water vs. air cooling in plastic manufacturing. 

Resources (equipment) used in your Research: 
o AutoCAD 
o Solid works 
o Thermal Camera 
o Measuring tools, ie. Vernier calliper, tape measure 
o Microsoft office 
o Calculator 

Sources (websites & books) used in your Research: 
o https://www.iqsdirectory.com/articles/plastic-extrusion.html 
o https://www.process-heating.com/articles/91919-water-vs-air-cooling-during-plastics-

manufacturing 
o https://www.youtube.com/c/PaulsonTraining 
o https://www.engineeringtoolbox.com/convective-heat-transfer-d_430.html 
o https://nbcc.libguides.com/mechaniclengineeringtechnology 



 

APPENDIX C: PROGRESS REPORT 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Original 

 



 

TO:  Jay Fletcher 
COPIES: Rob Linden  
FROM:  Bryan Mendoza 
DATE:  22 January 2023 
ATTACHMENT:  Appendix A: Weekly Work Plan (Deliverables and Target Dates) 
SUBJECT: NBCC-SJ MET2 Senior Technical Report - Progress Report              

 Project Title: Converting Extruder No. 3 Barrel from Water-Cooled to Air-Cooled     
System at Inteplast Bags & Films Corp.                              
Period Covered: 27 November 2022 – 22 January 2023 

PROJECT OBJECTIVE/OVERVIEW 
 
Inteplast Bags and Films Corporation is a plastic manufacturing company in Saint John, New Brunswick,
that uses a blown film extrusion process at the beginning of its production. Extruder barrels need to 
heat & cool to maintain the desired operating temperature.  
 
Currently, extruder number 3 uses a water-cooled system using a single pump and a reservoir that 
runs continuously even if the unit does not need cooling. Though the system uses distilled water for 
the cooling system, clogging and scaling along the line causes the cooling to be inefficient. 
Furthermore, glycol is supplied from the temperature-controlled factory process system as a heat 
exchange medium for the water, which adds to the unit's operating cost. All this causes a significant 
setback in the operation of the plant, including maintenance of the pump and motor, which results in a 
consequent loss in the production opportunities of the plant.   
 
The project’s main objective is to convert water-cooled barrels into air-cooled ones and design a 
system that works better than the current setup.  
 
I selected this subject because it covers a vast mechanical engineering knowledge such as design, heat 
and mass calculations.  
 
I will apply the knowledge I learned in the program to this project. Deep research on the topic is 
essential in successfully designing an air-cooled system. I can also reach out to some technical people 
who are knowledgeable about this topic in academic and industrial setups.  
 
With the preliminary measurement I did together with some research and keeping in touch with my 
project sponsor Ron Loughery and my project advisor Jay Fletcher, I did with the first stage of the 
design, which is the calculations and worked on the second stage, which is the design and drawing of 
the proposed project.  
 
 
WORK COMPLETED 
 
Since I have very little knowledge of the topic, I did preliminary research online on how the plastic 
industry works. Luckily, my project sponsor gave me a detailed tour of their plant and discussed each 
process. I also contacted some of the sectors for similar applications. I had a few exchange emails with 
Tempco, a US-based company that provides a wide variety of products in heating and cooling products. 
I also talked to Walter Smith of Xaloy, which supplies barrels for Inteplast Bags and Films Corporation, 
to get some information about the barrel. I also made some inquiries with Durex industries for similar 
products.  
 



 
 

 



 
 

 



 
 

 

Appendix A: Weekly Work Plan                    Date: 22 January 2022 
Name, Program: Bryan Mendoza, MET 
Project Title: Converting Extruder No. 3 Barrel from Water-Cooled to Air-Cooled System at Inteplast 
Bags & Films Corp. 
Sponsor: Ron Loughery-Maintenance at Inteplast Bags & Films Corp., Saint John 
 
All STR Project *DELIVERABLES* are mentioned at appropriate times in the following Work Plan.  
All completed project items are indicated in orange, checkmark on the side, and green fonts are work in progress.
 
Previous Work Completed 
 
o Plant Visit and overall operation 
o Meeting with Ron Loughery concerning the project 
o Establish a structured daily Logbook 

 
 

November 7-13 
 

 Start the Project Proposal and Weekly Workplan 
 November 10th Meet with Project Sponsor on-site—take notes on proposed work-plan 

schedule/restrictions… 
 Review plant rules and production 
 Establish CAD requirements 
 Gather background information on the topic/company  
 Begin review of background data on the problem 
 Consult with my Technical Advisor regarding the proposed work plan 

 
November 14-20 
 

 Complete review of background information 
 Gather field data for the project, including temperature profiling on each zone of the barrel 

o Calculation of heat dissipated by the extruding barrel and the heat transfer from the barrel to the water-
cooling system. (Ruled out of the work item)  
 

November 21-27 
 

 The initial design of air flow ducting wrapped around the barrel to maximize heat dissipation from the 
barrel to the atmosphere  

 Computation for the volumetric flow rate required to size up the blowers needed 
 November 27th -Submit formal STR Proposal and Weekly Workplan with all required Appendices to the 

Assignment Dropbox COMM & ETTG *DELIVERABLE* 
 Communicate with the project sponsor for additional data needed for the computation 

 
November 28-December 4 
 

 Meet with Project Sponsor to approve the project schematic and review the data 
 Begin literature review 
 Discuss project solutions with Technical Advisor 
 Begin to compile a list of options and recommendations 
 

 
 
 
 



 
 

 

December 5-11 
 

 Finalize existing project schematic on CAD 
 Prepare a draft list of recommendations/options for discussion with the Project Sponsor 

*DELIVERABLE* 
 Meet with Ron Loughery for any suggestions about the progress of the project 
 Review SolidWorks and begin to model the design  
 Review AutoCAD and begin to model the existing setup  
 Update the logbook from time to time 
 

December 12-18 
  

 Start doing all CAD drawings for the existing setup and proposed modification and assembly 
 
December 19-January 1 
 

 Christmas Break 
 Continue doing CAD drawings for the existing setup and proposed modification and assembly 

 
January 2-8 
 
o Finalizing CAD drawings and having Graham Moore take a look at the files *DELIVERABLE* 

 Research electrical diagrams and instrumentation, and controls needed for the project 
 Research on mounting calculations for the modified design to the existing setup 
 Start Researching vendors for suitable equipment needed and suppliers for possible fabrication of design. 

 
January 9-15 
 
o Design for the Electrical Diagram and instrumentation control diagram 
o Design the mounting of the proposed modification to the existing setup 
o Finalizing the equipment and the inventory of all materials needed for the project, ie. Bolts, fasteners, clamps,

wires etc.  
 Update the logbook from time to time 

 
January 16-22 
 
o Finalizing Design for Electrical Diagram and instrumentation control diagram *DELIVERABLE* 
o Finalizing the mounting design of the components. *DELIVERABLE* 
o January 22nd- Submission of Progress Report to the Assignment Dropbox by 11:59 pm; email advisor to 

request a meeting via teams and include Rob Linden in the correspondence to review progress 
*DELIVERABLE* 

 
January 23-29 
 
o Research topics on cost-benefit analysis and rate of investment using collected data 
o Research on the computation of project design costs 
 
January 30-February 5 
 
o Start computation for the cost-benefit analysis and rate of investment using the collected data 
o Putting up together all reports and starting drafting for the STR by the standards 
 
 



 
 

 

February 6-12 
 
o Finalizing computation for cost-benefit analysis and investment rate using the collected data and the project 

design costs. *DELIVERABLE* 
o Going back to all sessions that are helpful for the STR, such as video recordings of Rob Linden and Sarah 

Wilson 
 
February 13-19 
 
o Finalizing the report and having someone take a look at it. (possibly other instructors and my advisor if there 

is any point missing, additional data to be added etc.) 
o Meet with Rob Linden for the formatting of the STR 
 
February 20-26 
 
o Final checking of the report before submission. 
o February 26th- Submit the initial Submission to the Assignment Dropbox by 11:59 pm *DELIVERABLE* 
 
February 27-March 5 
 
o Meet with Ron Loughery for any additional input on the initial submitted STR 
o Meet with Jay Fletcher for any revisions on the project 
 
March 6-12 
 
o Finalize report 
o Completion of the front matter of the report 
 
March 13-19 
 
o Start working on the PowerPoint slide presentation 
o Start proofreading the report 
 
March 20-26 
 
o Continue working on the slides and start preparation for the STR presentation 
o Finalize report and start printing final STR (if there is no revision) 
 
March 27-April 2 
 
o Finalize PowerPoint slides and prepare some answers to possible questions that might be asked 
o Final touch-up on the report and have it ready on original hard copy, digital e-copy, flash drive  
 
APRIL 3-10 
 
o April 10th Submit copies of the Senior Technical Report as outlined in class *DELIVERABLE* 
o Practice STR presentation 
o Invite Sponsor to attend Presentation (date/time/NBCC E2001) 
 
APRIL 11-14  
 
o Prepare and practice STR Presentation  
o Presentation are 12,13, 14th in the PEF (E-2001) 



 
 

APPENDIX D: DETAILED DRAWING OF THE BARREL 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Source: Ron Loughery of Inteplast Bags and Plastics Corp 



 
 

 

 



 
 



 
 

APPENDIX E: TEMPERATURE PROFILE 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Original 



 
 

 



 
 

APPENDIX E: PROPERTIES OF AIR 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Cengel, Yunus A. Heat Transfer A Practical Approach. Texas: Mcgraw-Hill, 2003. 
Book. 
 https://www.engineeringtoolbox.com 



 
 



 
 



 
 

APPENDIX G: SIZING OF BLOWERS CALCULATION 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Original (Calculation) 
 http://www.polydynamics.com/fra_library.htm (Plastic Properties) 
 



 
 

 



 
 

 



 
 

 



 
 

APPENDIX H: BLOWER SPECIFICATIONS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: https://www.motor-pump-ventilation.com/merchant/product/centrifugal-fan-mb-3000-
rpm-three-phase 

Blower curve: Original 

  Done through Excel and plot digitizer 
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APPENDIX I: HEATER BANDS CATALOG 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: https://www.tempco.com/Tempco/Products/Electric-Heaters-and-Elements/Band-
Heaters.htm 



 
 

 



 
 

 



 
 

APPENDIX J: CONVECTIVE HEAT TRANSFER OF AIR 
CALCULATION 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Original 
 



 
 

 



 
 

APPENDIX K: FIN CALCULATION 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Original 
 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

APPENDIX L: FIN DESIGN 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Original 
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APPENDIX M: UPPER AND LOWER SHROUD DESIGN, FLAPPER, AND 
CLAMP 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Original



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 



 
 



 
 

APPENDIX N: BOLT CHART 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: https://store-
gdy1ehz.mybigcommerce.com/content/Socket%20Head%20Cap%20Screws%20Dimensions%20
%26%20Specs%20_%20AFT%20Fasteners%202022.pdf



 
 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 



 
 

APPENDIX O: BOLT STRESS CALCULATION & COPPER SURFACE 
AREA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Original 



 
 

 



 
 

 



 
 

APPENDIX P: BILL OF MATERIALS 

 

Sources: 

Blower 
https://www.motor-pump-ventilation.com/merchant/product/centrifugal-fan-mb-3000-rpm-three-
phase 
Three Phase Mini Circuit Breaker- 
https://www.grainger.ca/en/product/p/GGE5ZUU9?cm_mmc=PPC:+Google+PLA&gclid=Cj0
KCQiA9YugBhCZARIsAACXxeLgly3IetOpeEDj1VstkLYa5WXOaWkQH4AvzVX_cbO7JHkRmBv
yY4QaAhevEALw_wcB&gclsrc=aw.ds 
Magnetic Contactor: 
https://www.plc-city.com/shop/en/schneider-electric/snr-lc1d09p7-
nfs.html?SubmitCurrency=1&id_currency=5&gclid=Cj0KCQiA9YugBhCZARIsAACXxeKb1D2
sTJFKE9-DLIxyX3TfZwgUYqd0-zABGfh45NCQi0IM6jIpincaAr7sEALw_wcB 
Power Regulator Single Phase 
https://www.itm.com/product/watlow-din-a-mite-c-single-phase-scr-power-controller-dc10-
12p0-0010 
Switch Selector 
https://www.itm.com/product/altech-2as2-3-22-mm-non-illuminated-selector-
switch?ksearch_click=selector%2Bswitch 
Copper Wire 
https://www.digikey.ca/en/products/detail/belden-
inc./9916%2520002100/7389104?utm_adgroup=Single%20Conductor%20Cables%20%28Hook
-
Up%20Wire%29&utm_source=google&utm_medium=cpc&utm_campaign=Shopping_Product
_Cables%2C%20Wires&utm_term=&productid=7389104&gclid=Cj0KCQiA9YugBhCZARIsAA
CXxeIM807zhaNHIZXAQ8X0UwCWt90k23sv9mjwzpNxnGOI7TK0MI814RAaAnO2EALw_wcB 
Copper Sheet (8x4ft)  
https://basiccopper.com/20-gauge-copper-sheet-32-mil-36-x-
10/#:~:text=This%20copper%20sheet%20is%2020,99.9%25%20pure%20copper%20alloy%201
10%20. 
Heater Band (CEH-BCH00086) 
https://mpimorheat.store/store/stock-heaters/stock-ceramic-band-heaters/ 
Bolts and Nuts 
https://www.boltdepot.com 
Glycol 
https://www.dynalene.com/product/ethylene-glycol-dynalene-eg/ 
Distilled Water 
https://www.chemworld.com/ChemWorld-Distilled-Water-s/196062.htm 

 



 
 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 



 
 

 

 



 
 

 



 
 

 

 

 

 



 
 

 

 

 

 

 

 

 



 
 

APPENDIX Q: RETURN ON INVESTMENT CALCULATION 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Original 

 



 
 

 



 
 

 



 
 

 



 
 

APPENDIX R: CFD ANALYSIS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Original 

 

 



 
 

 

 

GENERAL INFORMATION 
 
Objective: This simulation aims to show the material's thermal properties and airflow 
dynamics. It shows how specific parameters which are relevant to the projects. Key 
parameters include the temperature of the air, the temperature of solids, flow velocity, 
and the effectiveness of the design. 
 
 

ANALYSIS ENVIRONMENT 
Software Product: Flow Simulation 2022 SP2.0. Build: 5593 
CPU Type: Intel(R) Core(TM) i5-10300H CPU @ 2.50GHz 
CPU Speed: 2496 MHz 
RAM: 16251 MB / 1344 MB 
Operating System: Windows 10 (or higher) (Version 10.0.19045) 
 

MODEL INFORMATION 
Model Name: THERMOFLOW SIMULATION.SLDASM 
Project Name: WITH FINS 
 

PROJECT COMMENTS:  
Unit System: Custom Units 
Analysis Type: External (not exclude internal spaces) 



 
 

 

 

SIZE OF COMPUTATIONAL DOMAIN 
 

Size 
X min -1.506 m 
X max 2.178 m 
Y min -1.491 m 
Y max 1.972 m 
Z min -1.541 m 
Z max 2.048 m 
X size 3.685 m 
Y size 3.464 m 
Z size 3.589 m 

 
 
 

SIMULATION PARAMETERS 
MESH SETTINGS 
BASIC MESH 
 

 

Basic Mesh Dimensions 
Number of cells in X 38 
Number of cells in Y 36 
Number of cells in Z 36 

 
 

ANALYSIS MESH 
Total Cell count: 146478 
Fluid Cells: 100118 
Solid Cells: 46360 
Partial Cells: 36611 
Trimmed Cells: 0 
 
ADDITIONAL PHYSICAL CALCULATION OPTIONS 
Heat Transfer Analysis: Heat conduction in solids: OnHeat conduction in solids only: Off 
Flow Type: Laminar and turbulent 
Time-Dependent Analysis: Off 
Gravity: Off 
Radiation: Off 
Humidity: Off 
 



 
 

 

 

Default Wall Roughness: 0 micrometre 
 

MATERIAL SETTINGS 
 

Material Settings 

Fluids 
Air 

Solids 
Aluminum 6061 
Plain Carbon Steel 
LLDPE 
Copper 
Alumina (Typical) 
 

INITIAL CONDITIONS 
 

Ambient Conditions 

Thermodynamic parameters Static Pressure: 101325.00 Pa 

Temperature: 29.85 °C 

Velocity parameters Velocity vector 

Velocity in X direction: 0 m/s 

Velocity in Y direction: 0 m/s 

Velocity in Z direction: 0 m/s 

Solid parameters Default material: Aluminum 6061 

Initial solid temperature: 29.85 °C 

Turbulence parameters Turbulence intensity and length 

Intensity: 2.00 % 

Length: 4.800e-04 m 

 

BOUNDARY CONDITIONS 

Fans 

External Inlet Fan 1 



 
 

 

 

Default Wall Roughness: 0 micrometre 
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Velocity parameters Velocity vector 

Velocity in X direction: 0 m/s 

Velocity in Y direction: 0 m/s 
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Intensity: 2.00 % 

Length: 4.800e-04 m 
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Fans 
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Default Wall Roughness: 0 micrometre 
 

MATERIAL SETTINGS 
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Fluids 
Air 

Solids 
Aluminum 6061 
Plain Carbon Steel 
LLDPE 
Copper 
Alumina (Typical) 
 

INITIAL CONDITIONS 
 

Ambient Conditions 

Thermodynamic parameters Static Pressure: 101325.00 Pa 

Temperature: 29.85 °C 

Velocity parameters Velocity vector 

Velocity in X direction: 0 m/s 

Velocity in Y direction: 0 m/s 

Velocity in Z direction: 0 m/s 

Solid parameters Default material: Aluminum 6061 

Initial solid temperature: 29.85 °C 

Turbulence parameters Turbulence intensity and length 

Intensity: 2.00 % 

Length: 4.800e-04 m 

 

BOUNDARY CONDITIONS 

Fans 

External Inlet Fan 1 



 
 

 

ENGINEERING GOALS 
 

Goals 

Global Goals 
GG Average Temperature (Fluid) 1 

Type Global Goal 

Goal type Temperature (Fluid) 

Calculate Average value 

Coordinate system Global Coordinate System 

Use in convergence On 

 

GG Heat Transfer Rate (Convective) 2 

Type Global Goal 

Goal type Heat Transfer Rate (Convective) 

Coordinate system Global Coordinate System 

Use in convergence On 

 

GG Average Temperature (Solid) 3 

Type Global Goal 

Goal type Temperature (Solid) 

Calculate Average value 

Coordinate system Global Coordinate System 

Use in convergence On 

 

Nodal Goals 
FG External Inlet Fan 1 Volume Flow Rate 

Type Nodal Goal 

c 



 
 

 

Min/Max Table 
Name Minimum Maximum 
Density (Fluid) [kg/m^3] 0.73 1.17 
Density (Solid) [kg/m^3] 925.00 8960.00 
Pressure [Pa] 101278.73 101901.52 
Temperature [°C] 29.81 210.00 
Temperature (Fluid) [°C] 29.81 210.00 
Temperature (Solid) [°C] 30.05 210.00 
Velocity [m/s] 0 16.442 
Velocity (X) [m/s] -8.734 15.099 
Velocity (Y) [m/s] -11.202 13.195 
Velocity (Z) [m/s] -10.385 13.859 
Axial Velocity [m/s] -10.385 13.859 
Circumferential Velocity 
[m/s] 

-15.752 10.091 

Mach Number [ ] 0 0.05 
Radial Velocity [m/s] -9.430 12.122 
Velocity RRF [m/s] 0 16.442 
Velocity RRF (X) [m/s] -8.734 15.099 
Velocity RRF (Y) [m/s] -11.202 13.195 
Velocity RRF (Z) [m/s] -10.385 13.859 
Distributed Force [Pa] 101288.76 101849.27 
Relative Pressure [Pa] -46.27 576.52 
Shear Stress [Pa] 0 13.40 
Bottleneck Number [ ] 0 1.0000000 
Heat Flux [W/m^2] 0 5039988.066 
Heat Flux (X) [W/m^2] -855925.479 359598.447 
Heat Flux (Y) [W/m^2] -799674.537 4943230.969 
Heat Flux (Z) [W/m^2] -295399.787 982498.255 
Heat Transfer Coefficient 
[W/m^2/K] 

3.998e-05 543.428 

Overheat above Melting 
Temperature [K] 

-1666.068 85.150 

ShortCut Number [ ] 0 1.0000000 
Surface Heat Flux [W/m^2] -587272.646 587272.646 
Surface Heat Flux 
(Conductive) [W/m^2] 

-587272.646 587272.646 

Surface Heat Flux 
(Convective) [W/m^2] 

-29143.547 82591.313 

Total Enthalpy Flux [W/m^2] -1682264.307 1062255.467 
Acoustic Power [W/m^3] 0 1.591e-06 



 
 

 

 

Thermal conductivity 

 

Solids 

Aluminum 6061 
Path: Solids Pre-Defined\Alloys 

Density: 2700.00 kg/m^3 

Specific heat 

 

Conductivity type: Isotropic 

Thermal conductivity 
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Electrical conductivity: Conductor 

Resistivity: 3.7000e-08 Ohm*m 

Radiation properties: No 

Melting temperature: Yes 

Temperature: 582.00 °C 

Plain Carbon Steel 
Path: Solids User Defined\THERMOFLOW SIMULATION.SLDASM\Default 

Density: 7800.00 kg/m^3 

Specific heat: 440.0 J/(kg*K) 

Conductivity type: Isotropic 

Thermal conductivity: 43.0000 W/(m*K) 

Electrical conductivity: Dielectric 

Radiation properties: No 

Melting temperature: No 

LLDPE 

Path: Solids User Defined\THERMOFLOW SIMULATION.SLDASM\Default 

Density: 925.00 kg/m^3 

Specific heat: 2400.0 J/(kg*K) 

Conductivity type: Isotropic 

Thermal conductivity: 0.2000 W/(m*K) 

Electrical conductivity: Dielectric 

Radiation properties: No 

Melting temperature: Yes 

Temperature: 124.85 °C 

Copper 
Path: Solids Pre-Defined\Metals 

Density: 8960.00 kg/m^3 



 
 

 

 

Electrical conductivity: Conductor 

Resistivity: 3.7000e-08 Ohm*m 

Radiation properties: No 
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MESH INFORMATION – DETAILS 
 

 

Total Nodes 136420 

Total Elements 75402 

Time to complete mesh(hh;mm;ss):  00:03:44 

Computer name:  BRYAN-MENDOZA 



 
 

 

 

  

 

 



 
 

 

  



 
 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


