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This Senior Technical Report was initiated in September 2022. It was made possible through the
authorization of the NBCC Mechanical Engineering Technologies Department and the
cooperation of my project sponsor, Mr. Ron Loughery of Inteplast Bags and Films Corporation.
This project aimed to improve the efficiency of the extruder by converting its barrel cooling
system from water-cooled to air-cooled.

This project applies what I learned in school, especially in Mechanical Engineering, to a real
industry problem. By applying engineering principles and thorough research through the
guidance of my advisor and my project sponsor, I was able to design a solution that could
improve the efficiency of the extrusion process with a total cost of $ 17,431.08. The project
involves technical calculations such as sizing blowers and heater bands and designing fins to
ensure efficient heat transfer.

Thank you for providing me with the technical writing knowledge and guidance to make this
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Enclosed is my Senior Technical Report, which includes all methodologies for achieving the
solution with a summary of the results and recommendations for Inteplast Bags and Films
Corporation. Please let me know if you have any questions or require additional information. I
am available for further discussion or clarification through my email:bgmendoza.nb@gmail.com
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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:

e Heat load calculations to determine the required cooling capacity.

e Sizing up the blower for each zone.

e Selection of heater bands.

e Design of cooling fins for better heat transfer.

e 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.

viil



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.

/”“"!"!"."‘
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Figure 1 Existing Process

Source: Original



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:

0 Plant's energy efficiency by eliminating continuous equipment running and having a
blower for each zone.

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

0 Maximize the energy using an improved airflow diffuser integrated into the shroud
design.

0 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:

Conductive and convective heat rates needed to dissipate heat along the barrel.
Sizing of a blower.
Design fins for better heat transfer.

Sizing of heater bands as the heating medium.

O O O O O

Integration of the existing controls into newly installed equipment.



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.



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 °F (48.59 °C) to maintain the process
temperature at 380-400 °F. 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.

Table 1 Temperature Profile of each Zone

Temperature Inlet Outlet Change in
Zone P temperature temperature of | Temperature
of the barrel
of water water (AT)
1 380 125 213 88 oF
2 400 134 200 66 oF
3 400 99 170 71 oF
4 390 103 203 100 F
5 390 97.7 210 1123  of
392 111.74 199.2 87.46 of
Average
200 44.30 92.89 48.59 oC

Source: Original



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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Figure 3 Heater series configuration

Source: Original

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)



Q =mCy(T, — Ty)

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/Ib-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 550°F. The operating temperature setpoint of

the barrel ranges from 370 °F to 410°F 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 Ibs/hr
Maximum T, 550°F
Temperature
Setpoint Temperature Ti 390°F
Specific heat of o
LLDPE Cp 0.55 BTU/Ib-°F
84,150.0 BTU/hr
Excess heat Q (24.662 Kw)

Source: Original



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:

Qexcess heat = Qneeded to dissipate by air — maircpair (Tl - TOO)
Where:
Mair= mass of air
T1= operating temperature setpoint of the barrel
Tw= 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/Ib-F. For this calculation, an average temperature
of 30°C or 86°F 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).

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

of 13.6ft*/Ib. This gives a density of 0.0735 1b/ft’



Table 3 Sizing of Blower (CFM)

Process Maximum Temperature Without Controlled Cooling
— 400 450 50 | ss0 [ 600 | 650 | 700 750 800
CFM of blower needed for each zones
Ibs/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

Table 3 shows the amount of air needed in ft*/min (CFM) on each process capacity in Ib/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.

Calculated CFM x Factor of safety x Air losses
ef ficiency

volume flow rate CFM =

279.84 CFM x 1.20x 1.1
0.8

volume flow rate CFM =

volume flow rate = 461.7 CFM



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).

Figure 4 Typical Centrifugal Blower

Source: Original

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
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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.

MB 12420

M8 29 FER
8 . s

|f_?f

\
-0

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

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:

Efficient heat transfer.
Minimizes unwanted change in temperature along the barrel.

Simplified wiring.

o O O o

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

Technology)
3300 /

3000 /

2700
VA

2400
&
2100 &
1800 oS
1500 -

1200 “/o('\/

| sand Heaters
AN

Heat Loss: Watt/Sq. Ft./Hr.
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J‘;
-
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Temperature of Barrel Surface - °F

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

Insid Heater Total Surf: Surface
. sice Width Band Total Surface urtace Area for
Diameter Wattage Area for . Percentage
(Inches) per Wattage | Area per . ., | Cooling
(Inches) ., | Heating in . o
Zone Zone in in
8 1.5 770 12 9240 502.65 452.39 50.27 90%
8 2 2000 10000 502.65 251.33 251.33 50%
8 4 3000 9000 502.65 301.59 201.06 60%
8 6 3500 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 in? 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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Figure 8 Typical Ceramic Heater Band

Source: Original

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).
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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.

hay = 12.12 — 1.16v + 11.6v

Table 5 Air and Barrel Characteristics

1
2

Variable Definition Values
Do Diameter of the Barrel 0203 m
L Length of Barrel per section 0.508 m
q Flow rate of Air 0.2179 m’/s
A Flow area of Air 0324 m?
\ Velocity of Air 0.672 m/s
Convective Heat Transfer
hey Coefficient 20.849 W/m*-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.

100

B0

(&)

40

Fin efficiency 1g,. percent

20

2
i

;2
""J Aga =20(r5—ri) + 27051

0.5 1.0

E=(L+LnVh/ike

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

Source: Cengel, Heat Transfer A Practical Approach, pp. 162
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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
I 0.127794 m
2 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:

7, + 0.5t

Efficiency Curve = "
1

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:

1 h
S—(L+Et)\/;
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Where:

Table 7 Calculated Thermo-geometrical parameter.

¢ from table 0.19
L 0.02515235 m
h 20.84949675 W/m?-C
k 401 W/m-C
¢ 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:

L
Soptimum = 2-714(?2.25)
Where:

R, = gﬁ(TS_ OO)L3
al — V2
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Table 8 Physical Characteristics of Air and fin design

Parameter Definition Values Units
g Gravity 9.81 m/s’
coefficient of volume expansion
51 1/Tf for ideal gas 0.00231541 °C
Tf Film Temperature 158.8888889 °C
Ts Process Temperature 287.78 °C
Too Ambient Temperature 30 °C
L Length 0.960988688 m
v Kinematic Viscosity 0.00001608 m?/s
Pr Prandtl Number 0.7282
Ra, Rayleigh Number 14634431778
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 Figure 10 Fin Design

. . . Source: Original
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.
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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/m®) 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.

Thermal Coductivity
Copper vs. Aluminum

215
210
205
200
195
190
185
180

Temperature C

1 2 3 4 5 6 7 8 9 10 11 12
Nodes

=== Copper e=$==Aluminum

Figure 11 Thermal Analysis of Copper and Aluminum
Source: Original

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
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average temperature conducted through natural convection over aluminum. The simulation was
conducted in a steady state condition with 405°F (210°C) as the maximum temperature inside the
barrel. The average temperature on the tip of the fins was 191°C 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 Figure 12 Upper Shroud Assembly

between for faster installation and Source: Original
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.
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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 405°F (207°C) for the molten plastic. A temperature of 30°C (85°F) 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 83.29°C and a 53.29°C 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.
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Figure 15 CFD Analysis

Source: Original

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.
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Figure 16 Temperature Condition Comparison

Source: Original

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.

Figure 17 Copper Clamp Assembly

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.

: F F
Direct shear stresses 7 = ———— =

Shear area As

Table 10 Shear Stress Calculation

SHEAR
Force F Weight of the lower shroud and blower 35.435 Ibs
Area Shear area of the bolt 0.0767 in?
Direct Shear Two bolts carrying the load 231 psi
Maximum Shear Maximum allowable shear strength 3450 psi
Decision SAFE

Source: Original

A V4"-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-1bs.

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 1bs
Area Area of the bolt (Minimum Diameter) 0.07321 in?
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.

Figure 19 Electrical Diagram per Zone
Source: Original

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
27



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.
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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 $ 132780 | $  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 in? or 31.32 ft* 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 $ 1,225.98
(8x4ft) 2 $  612.99
Heater Band (CEH-
BCHOOO§§6) 25 $ 14129 | $  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 $ 43240 | §  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 $ 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.
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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.

Table 15 Pump operational Cost

Yearly Operating Cost of Pump
Quantity (gal) Price/Unit | Total Cost
Glycol 525 36 S 1,890.00
Distilled

Water 525 3.63 S 1,905.75
Running Cost S 1,337.25
Total $ 5,133.00
Grand Total with Tax S 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.
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Table 16 Operational Cost Comparison

Yearly Operating Cost of Blowers
Running Cost S 1,230.27
Savings
Overall Saving S 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
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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.

e Determining the size of the blower based on heat calculations.
e Proper selection of heater bands for heat load demand
e Designing a shroud that can improve the airflow.

e 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.
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Project Approval Form

Student Information

Name: Bryan G. Mendoza

Program & Date: Mechanical Engineering Technology, September 24, 2022

Email & Phone: bgmendoza.nb@gmail.com & (506) 566-4858

Update to Proposal: No

Advisor & Sponsor Information

Department Advisor & Assigned Difficulty Level: Jay Fletcher & 3.5

Project Sponsor & Liaison: Ron Loughery & Maintenance

Project Site: Inteplast Bags & Films Corp., 291 Industrial Drive, Saint John N.B. E2L 4C3
Project Email & Phone: rloughery@bssj.inteplast.com & (506) 633-8101

Proj

1

ription
Describe the current problem that needs to be addressed (who/what/where/when/why)

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 pump and a reservoir that runs
continuously even if the unit does not need cooling. The barrel temperature is currently
automatically controlled by temperature controllers. This particular extruder has 5 separate
“Zones” which allow a different heat profile to be adjusted along the length of the barrel.
These controllers have separate outputs which turn on either heat or cool output to maintain
desired temperature setpoint. The heat output energizes a contactor which turns 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. The
amount of cooling water allowed to flow through the heat/cool unit is manually adjusted with
a needle valve by the operators. This is to prevent the thermal shock of the controlled zone.
The pump also uses distilled water as a cooling medium and passes through a heat exchanger
and uses glycol on the colder side. The glycol is supplied from a temperature-controlled factory
process system. Furthermore, the breakdown of either pump or the motor will cause the
whole unit to shut down.



2 State the Objective of your project (what/why)

e The objective of this project is to study the heat and mass transfer of the extruder 3 and
convert the existing water-cooled barrel of the extruder into an air-cooled type using a series
of blowers and use automation controls for the blowers to turn on or off depending on the
desired temperature. This is to eliminate unscheduled shutdown due to pump or motor
malfunction. Also, to increase the energy efficiency of the barrel cooling. The cooling pump
runs continuously, and the distilled water is an ongoing expense due to evaporation and
leakage.

Proji liverabl,
List the concrete elements that you will produce to achieve the Objective of the Project (e.g.,

CAD drawings, load calculations, specifications, ROI, test data for systems, flow diagrams,
recommendations....)

e Any drawing required including
o 2D and 3D CAD for the existing setup
o 2D and 3D CAD drawings/models for the proposed modification & assembly
o Electrical diagram and instrumentation controls diagram, P&ID
e Tables and charts and diagrams that are needed especially for temperature profiling.
e Computation of the project design cost
e All heat and mass load calculations, equipment rating, flow rates, material
specifications and the like.
e Cost Benefit Analysis and future cost-effectiveness of the project
* ROl Analysis
e Mounting Calculations

Signature & Dates

Student: /7< Date: October 03,2022

Sponsor:_é% Date:__oc) (2/22

STR Coordinator: Rob Linden Date: 10/25/2022
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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

o0 Calculating heat dissipated by the extruding barrel and the heat transfer from the
barrel to the water-cooling system.

o0 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

o0 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
Tables and charts, and diagrams that are needed, especially for temperature profiling.
Complete bill of materials on the latest equipment prices available
Computation of the project design cost
All heat and mass load calculations, equipment ratings, flow rates, material specifications and
the like.
Cost Benefit Analysis and future cost-effectiveness of the project
ROI Analysis
o Mounting Calculations

O O 0O o
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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

November 10t 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

o

O O o0 o0 o

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 27 -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

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

O O O O



December 5-11

o

O 0O OO

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

(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

e}

Finalizing Design for Electrical Diagram and instrumentation control diagram *DELIVERABLE*
Finalizing the mounting design of the components. * DELIVERABLE*

January 22"9- 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
o

Research topics on cost-benefit analysis and rate of investment using collected data
Research on the computation of project design costs

January 30-February 5

o
o

Start computation for the cost-benefit analysis and rate of investment using the collected data
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 26™- 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 10™ 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, 14% 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 O0OO0OO0OO0OO0OOo

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

Ron Loughery

Topics to be Researched:

(o}

(0]
o
(0]

Heat transfer

Fluid Mechanics

Plastic Manufacturing/Plastic Extrusion

Process Heating: Water vs. air cooling in plastic manufacturing.

Resources (equipment) used in your Research:

(0]

O OO0 0O

AutoCAD

Solid works

Thermal Camera

Measuring tools, ie. Vernier calliper, tape measure
Microsoft office

Calculator

Sources (websites & books) used in your Research:

(0]
0}

(0}
0}

https://www.igsdirectory.com/articles/plastic-extrusion.html
https://www.process-heating.com/articles/91919-water-vs-air-cooling-during-plastics-
manufacturing

https://www.youtube.com/c/PaulsonTraining
https://www.engineeringtoolbox.com/convective-heat-transfer-d 430.html
https://nbcc.libguides.com/mechaniclengineeringtechnology
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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-S] 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.



The sizing of blowers for each zone was calculated using some of the insights that are acceptable in
the industry given by Zach Goslin of Tempco, as well as some efficiencies on their products. I also used
the book Heat Transfer: A Practical Approach by Yunus Cengel for my other heat transfer calculations.

For the progress of the project, I have completed the following calculations:

Sizing of Blowers

Convective heat transfer of Air
Sizing of Fins

Radial Conduction of heat
Sizing of heater bands

RN N NN

Background Material Collected:

a) Original mechanical drawings, such as barrel dimensions and existing setup configurations,
were given to me by my project sponsor Mr. Ron Loughery.

b) Check out books from the NBCC library as well as online books and came across the following,
which are of a big help in doing my calculations:
» Heat Transfer: A Practical Approach by Yunus A. Cengel
» Fundamentals of Heat and Mass Transfer by Frank P. Incropera et. al.

c) Other websites that are also I also found very interesting are as follows:
»  https://web.mit.edu/16.unified/www/FALL/thermodynamics/notes/node128.html
» https://designerdata.nl/materials/plastics/thermo-plastics/low-density-polyethylene
= https://www.engineeringtoolbox.com/convective-heat-transfer-d 430.html

Original Drawings:

Drawings that are needed for this project using a combination of AutoCAD and Solidworks, which were
taught in college. The list below is the drawings needed for the project.

2D and 3D drawing of the current setup-80% complete

Drawing for the fin design-100% complete

Drawing for the heater band design-100% complete

Drawing for the shroud design-in progress

Drawing for the fan specification design- in progress

2D and 3D drawings of the proposed design-in progress

Electrical block diagram- not yet started

Instrumentation block diagram- not yet started

FEFEFEEEEF

Data Collected:

Data collected were a combination of measured data and data provided by the project sponsor from
the equipment manufacturers handbook and based on the years of experience operating the
equipment. Some of the data that were given to me by my project sponsor are as follows:

1. Maximum operating temperature without cooling- 570°F

2. Mass flow rate of the melted plastic in Ib/hr. 850 Ib/hr

3. Setpoint temperature (which | believe is 390F?) Typically, 370-410°F
4. Feed- HDPE/LLDPE leaning more towards LLDPE



I also got some data on fan and band heaters manufacturer, which gave me the following valuable
data:

1. Typical Static Pressure Range for Shrouds- 0.45-0.55" of H,0
2. Efficency of Standard Blowers- 75-85%

3. Factor of Safety they use for the industry- 25%

4. Frictional air losses due to baffles and air restrictions- 10%

PROBLEMS ENCOUNTERED

I have had an opportunity to visit the plant regularly since I started this project and did some

measurements, such as collecting data for the existing setup. I also made some comparisons to their
units that are factory built air-cooled and got some ideas.

With the current development of the project, there are many issues that arise which, in fact, necessary
for the project. Many design considerations should be based on assumptions and must be proven in
mathematical solutions or known facts that need to be researched. Some of the required values are the
following:

» Factor of Safety
» Rate of cooling and heating that will be used in material selection
¢ Mounting calculations

Some of these issues affect the timeline for project deliverables. I am still working on those issues by
reading and asking questions that are experts in this field. This gives me better ideas on how to tackle
problems correctly. Although I am a bit behind in my proposed schedules on project deliverables, I am
confident that I can address all issues on time.

WORK TO BE COMPLETED

Having almost all the data needed for my computation, I can proceed with the following work items
remaining to finish the project:

Finalize calculation and selection of the blowers at the rated capacity needed for the project
Finalize all the drawings

Get quotations on how much the project will eventually cost

Finalize design for electrical and instrumentation block diagrams

Finalize mounting calculations

-

See attached Appendix A for a detailed Weekly Work Plan with Target Dates.

CONCLUSION

I have gone through much development since I started this project, from the planning stage to
brainstorming and researching. Though unforeseen events slightly delay my schedule for the project, I
am confident that I can finish it on time and will complete all my deliverables as planned. With the help
and guidance of my project sponsor and my technical advisor, I am now on the right track to
completing this project.




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
o0 Meeting with Ron Loughery concerning the project
o Establish a structured daily Logbook

November 7-13

<\

Start the Project Proposal and Weekly Workplan

November 10t 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

AN

SN NEN

November 14-20

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

o natad ha avbendine nd-the ha ncfa arm-tha b al o

cooling-system. (Ruled out of the work item)

November 21-27

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

v" Computation for the volumetric flow rate required to size up the blowers needed

v" November 27 -Submit formal STR Proposal and Weekly Workplan with all required Appendices to the
Assignment Dropbox COMM & ETTG *DELIVERABLE*

v' 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

AR



December 5-11

AN

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

\

ANEANEANEEN

December 12-18
v' Start doing all CAD drawings for the existing setup and proposed modification and assembly

December 19-January 1

v Christmas Break
v 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*
v Research electrical diagrams and instrumentation, and controls needed for the project
v" Research on mounting calculations for the modified design to the existing setup
v 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.
v" Update the logbook from time to time

January 16-22

o Finalizing Design for Electrical Diagram and instrumentation control diagram *DELIVERABLE*

Finalizing the mounting design of the components. *DELIVERABLE*

o January 22"- 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.)
0 Meet with Rob Linden for the formatting of the STR

February 20-26

o Final checking of the report before submission.
o February 26%- 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 10t 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, 14% in the PEF (E-2001)



APPENDIX D: DETAILED DRAWING OF THE BARREL

Source: Ron Loughery of Inteplast Bags and Plastics Corp
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APPENDIX E: TEMPERATURE PROFILE

Source: Original
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APPENDIX E: PROPERTIES OF AIR

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



884
APPENDIX 1

TABLE A-15
Properties of air at 1 atm pressure
Speciic Thermal Thermal Dynamic Kinematic Pranati
Temp. Density Heal Conductiity Dittusivity Viscosity Viscosity Number
T.'C o, QAT G JAgK K WmK a, M u, kgm-s v, M5 Pr
~150 2866 983 0.01171 4.158x 10¢ B636x10¢ 3013x10¢ 0.7246
-100 2.038 966 0.01582 8036 x 10¢ 1.189x10* 5837x10°¢ 0.7263
-50 1,582 993 0.01979 1.252 x 10°* 1474 x10* 9319x10¢ 0.7440
-40 1514 1002 0.02057 1.356 x 10°® 1.527x10* 1.008x10* 0.7436
-30 1451 1004 0.02134 1.465 x 10-* 1579x 10  1.087x10% 0.7425
-20 1394 1005 0.02211 1578 x 10-* 1630x10% 1169x10% 0.7408
-10 1341 1006 0.02288 1.696 x 10°® 1.680x10°* 1252x10°* 0.7387
0 1292 1006 0.02364 1818 x10°*® 1.729x10°* 1338x10°* 0.7362
5 1.269 1006 0.02401 1.880 x 10°* 1.754x10* 1382x10°* 0.7350
10 1.246 1006 0.02439 1.944 x 10°* 1.778x10* 1426x10°* 0.7336
15 1.225 1007 0.02476 2009 x 10¢ 1802x 10* 1470x 10 0.7323
20 1.204 1007 0.02514 2074x 10" 1825x10% 1516x10°* 0.7309
25 1.184 1007 0.02551 2141 x 10°® 1.849x10°* 1562x10°* 0.7296
30 1.164 1007 0.02588 2208 % 10" 1872x10% 1608x10° 0.7282
35 1145 1007 0.02625 2217 x 10 1.895x10* 1.655x10°* 0.7268
40 1127 1007 0.02662 2346 x 10¢ 1918x10% 1702 x 10 0.7255
a5 1.109 1007 0.02699 2416 x 10 1941 x10¢  1.750x 10 0.7241
50 1.092 1007 0.02735 2487 x 10" 1.963x10°% 1.798x10° 0.7228
€0 1.059 1007 0.02808 2632x10* 2008x10* 1896x10° 0.7202
70 1.028 1007 0.02881 2.780x 10°* 2052x10* 1995x10°* 0
80 0.9994 1008 0.02953 2931 x10°* 20%x10* 2097 x10°* 0.7154
90 0.9718 1008 0.03024 3.086 x 10* 2139x10% 2201 x 104 0.7132
100 0.9458 1009 0.03095 3.243x 10" 2181 x10* 2306x10* 0.7111
120 0.8977 1011 0.03235 3.565x 10 2264x10* 2522x10° 0.7073
140 0.8542 1013 0.03374 3898 x10°* 2345x10% 2745x10° 0.7041
160 08148 1016 0.03511 4241 x 10" 2420x10* 2975x10°® 0.7014
180 0.7788 1019 0.03646 4,593 x 10-* 2504 x 10 3212x10¢ 0.6992
200 0.7459 1023 0.03779 4954 x 10¢ 2577x10% 3455x 104 0.6974
250 06746 1033 0.04104 5.890x 10* 2760x10% 4091x10°* 0.6946
300 0.6158 1044 0.04418 6871 x 10°* 2934 x10% 4765x10°* 0.6935
350 0.5664 1056 0.04721 7.892x 10" 3101 x10* 5475x10°* 0.6937
400 0.5243 1069 0.05015 8.951 x 10-* 3261 x10% 6219x10°% 0.6948
450 0.4880 1081 0.05298 1.004 x 10+ 3415x10% 6997x10% 0.6965
500 0.4565 1093 0.05572 1117 x10 3563x10* 7806x10°* 0.6986
600 0.4042 1115 0.06093 1.352 x 104 3846x10* 9515x10°* 0.7037
700 0.3627 1135 0.06581 1.598 x 104 4111x10* 1133x10* 0.7092
800 0.3289 1153 0.07037 1.855x 104 4362x10* 1326x10* 0.7149
900 0.3008 1169 0.07465 2.122 x 10 4600x10% 1529x104 0.7206
1000 02772 1184 0.07868 2398 x10* 4826x10* 1741x10* 0.7260
1500 0.1930 1234 0.09599 3.908 x 10 5817x10* 2922x10* 0.7478
2000 0.1553 1264 0.11113 5.664 x 10 6.630x10* 4270x10* 0.7539

Note: For ideal gases, the properbes ¢, K, i, and Pr are independent of pressure. The properties o, », and  at 3 pressure P (in atm) other than 1 atm are
determined by multiplying the walues of ;- at the gven lemperature by P and by dividing i and « by P.

Source: Dty generated from the EES sofware developed by S. A Klen and F. L. Aharado. Orginal sources: Keenan, Chao, Keyes, Gas Tables, Wiey, 1984;
and Thermophysical Properties of Matter, Vol, 3: Thermal Conductiy, Y, S. Touloukian, P. E. Liey, S, C. Saxera, Vol 11: Viscosty, Y. S. Teuloukian, S, C.
Saxerws, and P. Hestermars, [FUPlenun, NY, 1970, ISBN 0-306067020 8.
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APPENDIX G: SIZING OF BLOWERS CALCULATION

Source: Original (Calculation)
http://www.polydynamics.com/fra_library.htm (Plastic Properties)
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Table 3

Selected Thermal Properties.

Polymer Solid Glass Melting Point | Usual Melt Melt Thermal Heat Heat of Fusion
Density* Transition Ta Processing | Density* | Conductivity Capacity AH (J/kg)
p (g/em’) T, Range [ p(kg/m’) | k(W/m°C) [ Cp(Jkg°C) (Btu/lb)
(Btwh ft °F) | (Btu/lb, °F)
HDPE | 0.941-0.967 -130°C 130-137°C 160-240°C 780 0.25 2200-2400 | 210,000-300,000
-202°F 266-278°F 320-464°F 0.145 0.52-0.57 90-130
LDPE 0.915-0.935 -130°C 106-112°C 160-240°C 760 0.20 2200-2400 | 190,000-240,000
-202°F 223-234°F 320-464°F 0.115 0.52-0.57 80-100
LLDPE | 0.910-0.925 -130°C 125°C 160-240°C 760 0.20 2200-2400 | 190,000-240,000
-202°F 257°F 320-464°F 0.115 0.52-0.57 80-100
PP 0.890-0.910 -20°C 165°C 180-240°C 730 0.18 2000-2200 | 210,000-260,000
-4°F 329°F 356-464°F 0.10 0.48-0.52 90-110
PVC 1.30-1.58 80°C 175°C 165-205°C 1250 0.17 1000-1700 | 170,000-190,000
(Rigid) 176°F 347°F 329-401°F 0.10 0.24-0.41 70-80
PS 1.04-1.10 100°C amorphous** | 180-240°C 1000 0.15 1300-2000 amorphous**
212°F 356-464°F 0.09 0.31-0.48
PMMA 1.17-1.20 105°C amorphous** | 180-230°C 1050 0.19 1400-2400 amorphous**
221°F 356-446°F 0.11 0.33-0.57
PET 1.34-1.39 80°C 265°C 275-290°C 1160 0.18 1800-2000 | 120,000-140,000
176°F S09°F | 527-554°F 0.10 0.43-0.48 50-60
ABS 1.01-1.04 | 105-115°C | amorphous** | 200-290°C 990 0.25 1300-1700 amorphous**
221-239°F 392-554°F 0.145 0.31-0.41
Nylon-66 | 1.13-1.15 90°C 265°C 275-290°C 980 0.20 2400-2600 | 190,000-205,000
194°F 509°F 527-554°F 0.115 0.57-0.62 80-88
PC 1.2 140°C amorphous®** | 250-305°C 1050 0.22 1300-2200 amorphous**
284°F 482-581°F 0.13 0.31-0.52

* Melt densities have been estimated for roughly the mid-temperature of the processing range. See Mark [9] for expressions in the
form p = A-BT + CT?.



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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ME 40/16 T4 795 649 300 273 459 250 320 555 240 250 438 560 550 370 300 336 464 192 406 11 325 595 200 13
MBE 45/18 T4 885 728 326 305 553 280 360 625 250 300 48% 602 632 404 328 356 515 207 436 11 355 6253 200 13
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APPENDIX I: HEATER BANDS CATALOG

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



Band Heaters m
(@)

Standard Sizes and Ratings Made in USA
bt i oo .. Standard (Non-Stock) Ceramic Bands
( ) Width Watt Denstty Part Number
In__mm | n  mm | wattage | Wi Wicr® | Terminal 120V 240V S8 240/4807
6 1524 | 1% 381 950 35 5.5 ¥ BCHO0010 | BCHDO062 - -
6 15242 s08| 190 53 8.2 o~ - BCHD0063 | BCHOO129 -
6 1524 |2% 635| 1600 36 5.6 C2A - BCHD0064 | BCHOO0130 -
6 1524| 3 762] 1400 26 4.1 & - - ol BCH0167
6 1524 | 4 1016 1300 18 238 K] BCHOOO11 | BCHD0O06S - -
6 15245 1270]| 1600 18 2 CSE - - - BCHO0168
6 1524 |s% 1397 | 2000 20 3.2 hx] - - - BCH0 169
6 1524 | 6 1524 | 2m0 19 29 i - = = BCHO 170
6 1524 | 6 1524 3000 28 43 ] - BCHDO066 - -
6 1524 | 6 1524| 4000 37 58 K - BCHD0067 - -
6% 1588 | 4 016 280 33 5.1 k) - BCHDO06S - -
6% 1588 | 6 1524 | 4400 41 64 ) - - BCHOO01 31 -
6% 1651 | 1% 38.1 | 1000 34 5.3 T2 - BCHD0069 - -
6% 1651 | 2 sos| 1600 41 6.4 ) - BCHDOO70 - -
6% 1651 | 3% 889 ; 800 ga 4.1 g BCHO0012 | BCHOOU71 - -
6% 165.1 5 127.0 SO0 6 4.0 — BCHDOO72 - -
6% 1651 | 5% 139.7 | 420 39 6.1 K] o - BCHO01 32 -
6% 165.1 6 1524 2000 17 2.7 CsSE - - - BCHD171
6% 1651 | 6% 1651 | 3m0 29 45 %) - BCHDOO73 - -
6% 1683 | 4% m4a3| 330 37 5.7 ) - - BCHO00133 -
6% 171.5 1% 351 1000 33 5.1 T2 BCHNO13 | BCHDOOT4 - —_
6% 1ms|s 1270 250 25 38 CSE - BCHDO7S - -
7 1778| 2 s08| 1400 33 5.2 C2A - - BCHOO1 34 -
7177813 762| 1650 26 41 ) - BCH0076 - =
7 1778 | 3% 889 | 1300 18 37 k] BCHD014 | BCHOOUT7 - -
7 1718 | 4 1016]| 3%0 42 6.5 ) - BCHDOO78 | BCHOO135 -
7 1778 |s% 1397 | 2000 17 27 CSE BCHDOO79 - BCHOO172
7 177.8 6 152.4 5_‘_!] 43 6.6 T3 — "HDOORO — —
7% 1905 | 2 X 1900 42 6.5 K] - BCHDOCS 1 p —
7% 1905 |3 762 1800 27 4.1 T - BCHDOGS2 | BCHOO136 =
7% 1905 | 4% 1143 | 2000 20 3.1 ) - - - BCHO0173
7% 1905 | 4% ma3 | 2000 20 3.1 ) BCH0015 | BCHOOOS3 - o
7% 1905 | 5§ 127.0 | 2500 22 3.4 C2A | - | BCHooGsa - -
7% 1905 | s% 1397 | 2500 20 3.1 % BCHOO016 - - BCHO0174
7% 1905 |7 1778 | 6s00 41 6.4 b - - - BCH0175
7 905 | 9 286 5710 28 4.4 e - - 137 =
_y"s X3.2 | 1% 381 770 21 3.3 2 — BCHDOGRS ncumo_‘.il -
8 232 |1 381 1000 28 43 i) - - BCHO01% -
8 2322 s08| 2000 41 6.4 b - BCHOG8S = =
T 635 | 1m0 17 26 ¥ - - BCHOO0140 =
8 32| 3 162| 190 26 4.1 ™ po - p BCHUD1 76
8 32| 4 1016]| 300 31 48 13 - BCHDOGS7 - -
8 32| 6 1524| 3s00 24 3.7 K - BCHDOGSS - -
8 23216 1524| as0 31 48 g3 - - BCHO0141 -
8 X3.2 | 6% 1651 | 2600 17 2, CSE - = - BCHID177
8% M48| 4 1016| 2100 22 33 &) - - BCHO0142 o
8% D48 | 4 1016 2800 29 45 n - - BCHO0143 -
8% W48 | 9 286 | 40 22 3.5 iy - - BCHO01 44 =
8% 296 | 3 762 | 230 31 4.8 CSt - BCTDOGRY - -
8% 296 |7% 05| 3100 17 26 CSE - - - BCHOO178
8% zu.; 33 762 | 3000 39 61 g - - BCHO0145 -
| 8% 214 889 | 280 31 49 - BCHO0MS0 | BCHO0146 -
¥ 2143 [ 3% 889 335 36 5.7 k] - - BCHO0147 -
8% 2143 | 4 1016| 30 33 5.2 k) - BCHDOM91 | BCHOO148 -
8% 2143 |s%x 1397 | 3800 27 42 k) - - BCHO0149 -
B4 2159 | 1% 381 1 32 5.0 2A - 2 - -
s T s =—HCom =
8% 23| 9 286 4100 17 27 CSE - - - BCHMO179
9 286 |1% 381 | 1100 27 42 ™ — = BCHO001 50 =
9 6l 2 sog| 2w0 42 65 i - BCHDO094 - -
S 286 |24 635 280 ri] 6.4 ™ = BCHDO0SS - -
9 2863 762| 2m0 27 42 ! - - - BCHOO 180
9 2865 1270]| 250 18 28 k) - - - BCHD181
9 286 |s% 1397 | 3000 20 3.1 ) - BCHOM96 - BCHD 152
\ 9 286 |8 2159 | 390 17 26 CSE - - - BCHD183 8
1-64 View Product Inventory @ www.tempco.com

Rov 1 (16123




ﬁ Band Heaters
=~9n5 Ceramic Baweb

Standard (Non-Stock) Ceramic Bands
Consinued from previous page ...
™ Widtn Watt Denstty Part Number \
n__mm | In mm |Wattage | Wi W/cr | Terminal 120V 240V 480V 240/480V
W, 297| 3 72| 250 29 45 T - BCHOMS? | BCHOD151 -
9% 2413 1% 381 | 120 28 43 i ¥] - - BCH152 -
@ 2413|3 w2| 20 25 39 T3 - - - BCHOO184
o, 2027 )10 2840 | s20 18 27 CSE - - - BCHDO185
10 2540 | 1% 38.1 600 13 20 T2 - BCHOMWSS o -
10 2540 | 2 08| 180 30 46 CA - BCHOM0% - -
10 28403 72| 24w 2% 41 T3 - - - BCHO0186
100 2540 | &4 16| 15 12 19 8& - BCHO0100 - =
10 2%0 | s 1210 | 2m 15 29 E - - o BCHIO18 7
10 2540 |s% 17| 25m 1s 23 T - BCHO0101 ae i
100 20| 6 1524 20 16 25 CA - BCHOO0102 - -
0% 2667 1143 | som 35 54 C2A - BCHO00103 - -
11 NA grh*'m.. [ 2600 26 a0 T3 - - - BCHDOO 188 |
1N 24| s 1z0| @ 24 37 T3 - - - BCHIO189
% 2810 | ¢ 1016 | @ 30 45 hE - - BCHM0153 i
12 38| 2 =203| 20 27 42 CA - BCHO0104 - -
12 3048 | 3 162 | D® 8 23 CA = = o BCHD0190
12 38| 6 124 | @mw 18 28 T3 - - - BCHD0191
12 3048 |12 348 | 20 5 07 T - BCHO0105 - =
12% 3175| 4 1016 | 199 13 20 %\ - BCHO0106 - -
12% 3175 | 4 1016 | 2600 17 26 - BCHOO0107 - -
13 32|2 03| 20 25 39 CSE - BCHOO0108 - i
13 323 w2| @w 35 54 hE - - - BCHDO0192
13 326 124]| @om 17 26 T3 - BCHO00109 — -
4% 3683 | 3 72| B 17 25 T3 - " - BCHOD 154 —
15% 342 03| 20 32 50 CA - BCHOO0110 - -
16 4064 |2 08| 1500 15 24 C2A - BCHDO111 - -
16 4064 |3 72| s 34 52 CA - BCHOO0112 - -
6% 4191 | 2 S8 | 2m 30 a6 CA - BCHIO0I 13 - -
6% 4190 | 3 2| s 35 55 CA - BCHOO01 14 - -
16% 4190 [ 3% 89| 180 10 16 C2A - BCHM155 -
16 4191 |3 889 14 22 T3 - BCHO0115 s -
16% 419.1 | 4 1016 % 17 27 CA = BCHOO0116 = =
6% 4190 |5 12770 | 8% 17 21 T3 - BCHOO117 - i
17% 4445 | 1% 381 825 10 16 CA - BCHOO0118 - -
| 9% a0 635 | s 34 52 C2A - BCHO0119 - -
21 5334 | 4% 1143 | 9% 17 27 CA - i BCHI156 -
21 sBA| 6 1524 | s 14 22 T3 - - BCHM157 -
2% sS40 | 3% ss9| 2w 13 20 hE) - - BCHO158 =
26 6045 12770 | &m 17 26 CA = = BCH159 -
T 28 7112 | &% 1143 | &m0 17 25 T3 - = BCHD160 =
282 Mm2|s5 12770| 510 13 20 hE - - BCHM161 -
2% 855 |3% m9| 20 | 8 13 | o - ~  |Bcuaie2| - /
o ~\ Ordering Information _~—
Standard Heaters Cust: ineered/Manufactured Heat k
/ ard Und Mimt::g lectric he be p::s ifi \
. 'nderstanding an clectric heater can be very application specific,
sg:fg‘f‘éﬂ:;}‘;‘;ﬁ"&ﬁ g:;: for sizes and ratings not listed TEMPCO will design and manufacture 4
165, ok hester’s Thrmaination ga;::::‘l.::dxod Band Heater © meet your requirements. Standard lead time
Type is indicated. the followi
Type L1 has 10" bong leads. ERNAS SRece) -
Type W1 has 12" long leads with J Inside Diameer ) Termination {sc.e pages 1-68 through 1-74)
10" wire braid. J Width \J Lead Cable/Braid Length
¢R2A has 12" long leads with J Wattage (J Construction style (see page 1-66)
10" galvanized steel amnor cable.  Voltage 1 Clamping variation (see page 167)

7

/\ WARNING: Cancer and Reproductive Harm = www.PE5Wamings.ca.gov.



APPENDIX J: CONVECTIVE HEAT TRANSFER OF AIR
CALCULATION

Source: Original
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APPENDIX K: FIN CALCULATION

Source: Original
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APPENDIX L: FIN DESIGN

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

Source: Original
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APPENDIX N: BOLT CHART

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



Socket Head Cap Screws: Dimensions and Specifications

| Standard Socket Head Cap Screw DI (Nloy & Stainless Steel)

Baslc Screw Body Dlameter (D) | Head Diameter (A)
Diameter

Max Min Max Min
0 0.0600 0.0568 0.096 0.091
1 00730 | 00695 | oms | o2
2 | 00860 0.0822 0.140 0.134
3 0.0990 0.0949 0.161 0.154
4 om0 | 01075 | 0183 | 017
5 | 01250 0.1202 0205 0.198
6 01380 0.1329 0226 0218
8 0.1640 0.1585 0.270 0.262
10 0.1900 0.1840 0312 0303
174 0.2500 0.2435 0375 0.365
S16 | 03125 | 03053 | 0469 | 0457
318 ' 03750 03678 0562 0550
e 0.4375 0.4294 0.656 0.642
n osow | osso | o0 | o7
518 06250 | 06163 0.938 0921
34 0.7500 0.7406 1.125 1.107
718 0.8750 0.8647 1312 1.293
1 1.0000 0.9886 1.500 1.479
1114 1.2500 1.2336 1.875 1.852
112 1.5000 1.4818 2250 2224

0.176 1

_ ASME B18.32003
Head Helght (H) Top | HexSocket Flllet Juncture Diameter at
Chamfer or Stze () Bearing Surface (F)
Radlus (C)
Max Min Max Nom Max Min
0060 0057 0004 | 0050 0.074 0062
0073 | 00 | oos | 16 0.087 0075
0086 0083 | 0008 | S/64 0.102 0090
009 0095 0008 | Si64 0115 0.102
Com2 ow8 | o009 | am2 0130 o7
0125 | o 002 | w2 0.145 0132
o138 o014 | ool | 764 0158 0144
0164 0159 oo | e 0.188 0172
01% 0185 | o008 | 532 0218 0202
0250 | 024 | 005 | 36 0278 0.261
0312 0306 | 003 | 4 0347 0329
0375 038 | o000 |  sn 0415 0397
0438 0430 0047 a8 0.484 0.465
os0 | 0w | oo | oss2 o531
0625 | 0616 0070 | 068 0,664
0750 | 0740 | o008 | 58 0828 0800
0875 0864 | 0100 | 34 0.963 0932
1,000 098 | o014 | 34 1.100 1068
1250 123 ous | s 1370 1333
1500 | 1485 | | 1640 1,601

Key Engage-

ment (T)

Min
0.025
0031
0.038
0.044
0.051
0.057
0.064
0.077
0.090
0.120

0151
0.182
0213
0265
0307
0370
0.432
0.495
0.620
0.745

Wall Thick-

ness (G)

Min
0.020
0025
0.029
0.034
0038
0.043
0.047
0.056
0.065
0.095
0119
0.143
0.166
0190
0238
0.285
0333
0380
0475
0.570

Bottom
Chamfer or
Radlus (K)

Max
0.007
0007
0.007
0.007
008
0.008
0.008
0.008
0.008
0.010
0,010.
0.010
0.015
oot
015
0.015
0.020
0.020
0.020
0.020



Mechanical Propertles of Socket Cap Screws - Alloy and Stalnless Steel

Tenslie trength (s, mi) Yield Strength bs, min) Bady Secton Tightening Torque .- 1)
NominalSze UNRC UNRF UNRC UNRF Single Shear Strength (Ibs, UNRC UNRF
min.)
Alloy Stalnless Alloy Stalnless Alloy Stalnless Alloy Stalnless Alloy Stainless Alloy Stalnless Alley Stainless
0 20 145 20 n 05 130 2 14
1 475 500 20 a5 40 m 40 190 45 48 23
2 665 25 70 600 185 635 625 20 75 38 80 ‘
3 875 %0 79 5 830 110 120
4 1,090 480 119 975 240 0 1,060 350 160 60 180
5 1430 1490 129 F 1325 %0 240
6 1640 75 1825 1470 3 1645 1615 375 300 150 40 .
8 2520 1120 265 2270 560 2385 2280 670 550 280 580
10 3150 1400 3600 1,600 2835 0 3240 80 3060 950 790 400 00 460
104 5725 2550 6550 2910 5150 1213 590 1455 5295 2200 2000 %0 200 1090
516 9430 4200 10440 465 84%0 2100 9395 223 8285 3450 4150 1700 400 1880
n 13950 6100 15805 051255 3100 14225 3510 11910 4970 7400 10 8450 3410
M6 19135 2365 ) 19230 16200 11900 13050 .
1n 25540 11,30 28780 1) 5675 25,95 2,175 8840 18000 700 20650
5B 38400 43500 34550 9,150 31300 34000 38000 :
" 56,750 63,400 51,100 57,050 45050 60000 67500
B 78,500 86,500 70,700 71850 61350 82500 9,2000
1 103,000 112,700 92700 101,450 80,100 125000 130000 ;
14174 164700 182,400 148250 164150 125100 250000 27,7500 :
111 238,800 268,800 215950 241,90 180,200 435000 49,0000 -




APPENDIX O: BOLT STRESS CALCULATION & COPPER SURFACE
AREA

Source: Original
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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

KCQiA9YugBhCZARISAACXxeLgly3letOpeEDj1VstkLYa5WX0OaWkQH4AvzVX cbO7JHKRmBvV

yY4QaAhevEALwW wcB&gclsrc=aw.ds

Magnetic Contactor:

https://www.plc-city.com/shop/en/schneider-electric/snr-lc1d09p7-

nfs.html?SubmitCurrency=1&id currency=5&qclid=CjO0KCQiA9YugBhCZARISAACXxeKb1D2

STIJFKE9-DLIxyX3TfZwgUYqd0-zABGfh45NCQi0IM6jlpincaAr7sEALw 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&qclid=Cj0KCQiA9YugBhCZARISAA

CXxelM807zhaNHIZXAQ8X0UwCWt90k23svImjwzpNxnGOI7TKOMI814RAaANO2EALwW 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-BCHO00086)

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
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RE: Air-cooled extruder barrel inquiry
. . 1
Zach Goslin =<ZachGoslin@tempco.com=> E
2023-03-01 10:35 AM “

To: Mendoza, Bryan

This email was generated outside of NBCC, please use caution when replying.

Hi Bryan,

These numbers pulled are from a few years back so pricing would probably be higher now except for the blowers.
1 shroud ASJO0330 = US $975.00 each

5 shrouds ASJO0330 = US $706.00 each

1 Blower (MTR-102-107, 550 CFM) = US 5340 each

Thanks,

Zach Goslin | Territorial Sales Manager
Tempco Electric Heater Corporation
607 M. Central Ave. Wood Dale, IL 60191
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APPENDIX Q: RETURN ON INVESTMENT CALCULATION

Source: Original
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APPENDIX R: CFD ANALYSIS

Source: Original



SOLIDWORKS

_— Fluid Flow
Saint John, . . .
[New Brunswick New Simulation PI'O]BCT
Community College Brunswick Mechanical Engineering Technology Report

(506) 566-4858

bgmendoza.nb@gmail.com -

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 3.685m
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 cellsin 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

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

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



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 -15.752 10.091
[m/s]

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 3.998e-05 543.428
[W/m"2/K]

Overheat above Melting -1666.068 85.150
Temperature [K]

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

Surface Heat Flux -29143.547 82591.313
(Convective) [W/m”2]

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




Thermal conductivity

-

Thermal

canductivity[W/(m*K)]
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.

Solids

Aluminum 6061
Path: Solids Pre-Defined\Alloys

Density: 2700.00 kg/m"3

Specific heat
/

/

/

Specific heat[J/(kg*K)]

Temperature[°C
P [°c]

-

Conductivity type: Isotropic
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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

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



Specific heat: 765.0 J/(kg*K)
Conductivity type: Isotropic

Thermal conductivity: 16.0000 W/(m*K)
Electrical conductivity: Dielectric
Radiation properties: No

Melting temperature: Yes

Temperature: 1700.00 °C

PRESSURE:

101901.52
101874.45
10184737
101820.29
101793.21
10176613
101739.06
101711.88
101684.90
10165782
101630.74
10160366
101576.59
101549.51
101522.43
10149535
101468 27
101441.20
10141412
101387.04
101359.96
10133288
101305.80
101278.73

Pressure [Pa]

Flow Trajectories 2




VELOCITY

! :i_! [JJ Ly b 4 I-.'F!_'-‘;: ! WEEY 41 L F |

2145
1.430
oTs
o

Velocity [més]

Flow Trajectories 2

TEMPERATURE CUT PLOT

-l
Termperabure (Fluid) [*C)

Cut Plot _] condours




DESCRIPTION
Copper Fins

Simulation of
FINAL
THERMAL
ANALYSIS

Date: April 3, 2023

Designer: Bryan Mendoza
Study name: Thermal 1
Analysis type: Thermal(Steady
state)



MATERIAL PROPERTIES

Model Reference Properties Components
Name: Plain Carbon SolidBody 1(Boss-
Steel Extrudel)(BARELL
Model type: Linear Elastic EXPERIMENT-1)
Isotropic
Default failure Unknown
criterion:
Thermal 0.000575114
conductivity: BTU/(in.s.F)
Specific heat:  0.105112
“ Btu/(Ib.F)
Mass density:  0.281793
Ib/in”*3
Curve Data: N/A
Name: Copper SolidBody
Model type: Linear Elastic 1(CirPatternl)(FINS
Isotropic FOLDABLE-1),
Default failure Max von Mises SolidBody
criterion: ~ Stress 1(CirPatternl)(FINS
Thermal 0.00521615 FOLDABLE-10),
conductivity:  BTU/(in.s.F) SolidBody
Specific heat:  0.0931677 1(CirPatternl)(FINS
& Btu/(1b.F)
Mass density:  0.321533 1b/in”3
THERMAL LOADS
Load name Load Image Load Details
Entities 1 face(s)
Temperature: 410 Fahrenheit
Temperature-
1
A
Entities: 6285 face(s)
Convection Coefficient: 23 W/(m"2.K)
Time variation: Off
s Temperature variation: Off
Convection-1 Bulk Ambient 303 Kelvin
Temperature:
Time variation: Off
A




INTERACTION INFORMATION

Interaction Interaction Image

Interaction Properties

Global Interaction

Bonde
d

1
compo
nent(s)
Indepe
ndent
mesh

MESH INFORMATION
Mesh type Mixed Mesh
Mesher Used: Standard mesh
Automatic Transition: Off
Include Mesh Auto Loops: Off
Jacobian points for High-quality mesh 16 Points
Jacobian check for shell On
Element Size 0.416783 in
Tolerance 0.0208391 in
Mesh Quality High
Remesh failed parts independently. Off

MESH INFORMATION — DETAILS
Total Nodes 136420
Total Elements 75402
Time to complete mesh(hh;mm;ss): 00:03:44




MESH INFORMATION — DETAILS

Total Nodes 136420
Total Elements 75402
Time to complete mesh(hh;mm;ss): 00:03:44

Computer name:

BRYAN-MENDOZA

STUDY RESULTS
Name Type Min Max
Thermal2 TEMP: Temperature 191Celsius 210Celsius
Node: 92426 Node: 1

Node: 92426

o it
I
-
-
-
FINAL THERMAL ANALYSIS-Thermal 1-Thermal-Thermal2
Name Type Min Max
Thermal3 TEMP: Temperature 1.909e+02Celsius 2.100e+02Celsius

Node: 1




DESCRIPTION

Aluminum

Simulation of
FINAL
THERMAL
ANALYSIS

Date: April 3, 2023

Designer: Solidworks

Study name: Thermal 1

Analysis type: Thermal(Steady st



MODEL INFORMATION

Model name: FINAL THERMAL ANALYSIS

Current Configuration: Default

Solid Bodies
. Document
Docu;l:?;gla:;e and Treated As g‘;{l);?lzz;c Paﬂv’pate
Modified
C:\Users\BRYA
N\OneDrive -
NBCC\Desktop!\
SUBJECTS\WI
Boss-Extrudel Mass:196.075 1b NTER
Volume:695.814 2023\ETTG\SOL
in"3 IDWORKS
Solid Body Density:0.281793 | COMPONENTS
1b/in”3 \ASSMEBLY
Weight:195.942 Ibf FOR
;\ TEST\BARELL
EXPERIMENT.
SLDPRT

Mar 3 23:46:10
2023




MATERIAL PROPERTIES

Model Reference Properties Components
Name: Plain Carbon Steel SolidBody
Model type:  Linear Elastic Isotropic | 1(Boss-
Default failure criterion:  Unknown Extrudel)(BAR
Thermal conductivity:  0.000575114 BTU/(in.s.F ELL
Specific heat:  0.105112 Btu/(Ib.F)
Mass density:  0.281793 Ib/in"3 El);PE RIMENT
A,
Curve Data: N/A
Name: 3003 Alloy SolidBody
Model type:  Linear Elastic Isotropic [ 1(CirPattern1)(
Default failure criterion:  Max von Mises Stress FINS
Thermal conductivity:  0.00227371 BTU/(in.s.F) i
Specific heat:  0.238892 Btu/(1b.F) g(())li]:]]])s‘:c?LE D,
Mass density:  0.0975437 1b/in*3 1(Cir Patt{a rnl)(
FINS
A
Curve Data: N/A
THERMAL LOADS
Load name Load Image Load Details

Temperature-
1

Entities: 1 face(s)
Temperature: 410 Fahrenheit

Convection-1

Entities:
Convection
Coefficient:
Time variation:
Temperature
variation:

Bulk Ambient
Temperature:
Time variation:

6285 face(s)
23 W/(m"2.K)

Off
Off

303 Kelvin

Off




STUDY RESULTS

Name Type Min Max
Thermal2 TEMP: Temperature 186Celsius 210Celsius
Node: 92426 Node: 1

Towop (Cobisas)

1
N
_m

M

Model mame: FISL THERMAL ANAL I

SOUDWORKS Educational Product, For instructicnal Use Only.

FINAL THERMAL ANALYSIS-Thermal 1-Thermal-Thermal2

Name

Type

Min

Max

Thermal3

TEMP: Temperature

1.861e+02Celsius
Node: 92426

2.100e+02Celsius
Node: 1

Model name: FINAL THERMAL ANALYSS
Study name: Thermal 1{-Default:)
Plot type: Thermal Thermald

Tirne step: 1

SOLIDWORKS Educational Product. For Instructional Use Only.

FINAL THERMAL ANALY SIS-Thermal 1-Thermal-Thermal3

Temp (Celsiui))
2.100e +1

|
. L062e s

. 2.008e o
100k +!
15070 o4
1557 +f

- 19330l

1,550 +!

1.86%¢ o




