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Introduction

Description

Propane forge burners are often made by professional and hobbyist blacksmiths to step
into an alternative to coal forges. A common theme among them is that they are built out of
black iron pipe fittings. Making the burner out of pipe fittings makes it easy, however it results in
a lack of efficiency due to the lack of precision in adjusting air/fuel ratio. High efficiency can be
obtained by allowing excess air, but this puts more oxygen into the forge, making the metal
inside oxidize too much. Burners are also usually attached with set screws holding them in a
hole, which makes it difficult to remove the burner and allows the exhaust gas to get into the
intake and make them run poorly.

Motivation

The motivation behind this project is a need for easy operation of a forge and efficient
use of fuel. Blacksmithing requires proper timing to avoid overheating the material and working
the material before it gets cold, so a burner that is easy to operate mitigates distraction from the
heat cycles.

Function Statement
The Forge Burner is meant to burn propane more efficiently and with less excess oxygen
than black iron pipe alternative.

Requirements
e Intake must be detachable within seconds.
e Intake must be adjustable with specific settings optimized for different propane pressures
from 10 to 40 psi.
Brings forge up to 1500°F 20% faster than existing black iron pipe design.
Forge exhaust must not be able to flow directly into the intake.

Engineering Merit

The merit behind engineering the burner is obtaining a specific efficiency. Fluid
mechanics calculations are required to find the flow rates of the air and propane in order to
optimize air-fuel ratio. The flow rate of air will have to be calculated for different intake settings
to correspond with different propane pressures.

Scope of Effort

The scope of the project is limited to the geometry of the burner, the intake adjustment
and the attachment system to the forge. The forge itself is not designed as it is a control
between the designed burner tests and benchmark burner tests.



Success Criteria

At a given propane pressure, the burner would have to bring a forge up to temperature
faster than a black iron pipe burner and reach a higher ultimate temperature. For a successful
test, the burner will reach temperature 20% faster than the benchmark burner.

Design and Analysis

Approach (RADD)

The burner is required to heat a forge to 1500°F 20% faster than the benchmark burner.
This is done by analyzing the flow rates of air and propane and varying geometry to match
stoichiometric ratio. Analyses are shown in appendix A. The design parameters are a flange on
the body to block exhaust gasses and an adjustable intake with graduations to show the
required valve setting for optimized air/fuel mixture for the current propane setting. The burner
body with the flange is shown in appendix B 20-0001. Adjustable intake assembly is shown in
appendix B 20-0002 through 20-0005.

Design Description

The burner consists of three main parts/assemblies. The intake assembly is mounted at
the top of the burner and has a propane injector suspended above a conical air intake where the
flow of propane entrains the air for combustion. The air and propane enters the burner body,
where turbulence causes them to mix along the length of the mixing tube. At the end of the
mixing tube is a nozzle for the gas to expand into and combust. Basic design is based off of the
benchmark burner, however it has the following additions to improve efficiency: To block the
flow of exhaust gas, the burner body has a flange that covers the burner hole. To adjust the
airflow, the intake has a disc that is threaded onto the propane injector, so it can be raised up,
or lowered down by spinning it to adjust intake area. The side of the injector bracket is
graduated to show the height needed for each propane pressure. Drawings of all parts are
shown in appendix B.

Benchmark

The benchmark is a black iron pipe burner and set screw attachment. The benchmark
burner is based off a common design used by professional and hobbyist blacksmiths. There is
no intake adjustment on the benchmark and attaching it to a forge with set screws allows for
exhaust gasses to reach the intake.

Performance Predictions

The improved efficiency of the burner will result in a more even burn of the propane and
a less oxidising flame. Uneven burning of propane in the benchmark burner is apparent based
on the sound of the burner, and the sound of the designed burner’s flame will be an even roar.
Optimal air/fuel ratios will be achieved at any propane pressure setting within 10 psi increments
as shown in appendix A10-A13. The exhaust gasses from the burner will not be aloud to



recirculate back into the intake as the burner port does not allow the gas to flow directly up.
Air/fuel mixture is unknown for the benchmark burner, so exact improvement is unknown.

Descriptions of Analyses

The flow analysis of air and propane was done with Bernoulli approximations based on
the geometry of the burner intake. The flow rate of propane out of the injector is calculated at
every 5 psi of propane pressure between 5 and 40 psi gage with Bernoulli energy balance as
shown in appendix A1-A8. Intake area is calculated based on the assumption that the air
velocity is equal to the propane velocity in the mixing tube. Velocity through the intake valve is
then calculated based on intake geometry. Required intake area is then calculated as shown in
appendix A10-A13.

Scope of Testing And Evaluation
Testing will be limited to the resulting performance of the burner to bring a forge up to
working temperature and to limit oxidation of the workpiece.

Analyses

Analyses showed that the intake valve must be able to be adjusted to a maximum height
of 0.2 inches to give optimal airflow when propane is set to 40 psi. The actual design allows for
a maximum height of 1 inch to allow for oxidizing flame when heavy oxidation is desired.
Individual areas for each propane setting are shown in appendix A9-A13. Required areas are
only analyzed in increments of 10 psi because the difference in area for 5 psi increments were
very small. All analyses are shown in appendix A.

Device: Parts, Shapes and Conformation

The general shape of the internal geometry of the burner tapers to a small area in the
intake to accelerate it into the mixing tube, and then tapers out in the nozzle for the gas to
expand for combustion. The burner body has a flange with holes for press fitting pins to locate it
on the Forge coupler.

Device Assembly, Attachments

All parts will be threaded and bolted together in the configuration shown in appendix B
10-0001. The opening of the injector will be where the propane line and regulator will be
attached.

Tolerances

All tolerances are given in ANSI Y14.5 drawings shown in appendix B 20-00001 through
20-00005. Most parts are given standard tolerance so parts fit together without interference.
Holes in the flange of the burner body are given tighter tolerance as they will be reamed for a
pin to be press fit into.



Methods and Construction

Methods
The components are constructed using the CWU machine lab.The burner body will be
bored and turned on a lathe, and then holes will be drilled and reamed on a mill.

e Burner body drawing is shown in appendix B 20-0001.

e Internal geometry of the nozzle was bored out on a lathe.

e The general shape of the intake was turned on a lathe, flats and holes were machined
and tapped on a mill as shown in appendix B 20-0004.

e The inside of the injector was drilled out of threaded rod. Outer features were then
turned on a lathe and the end was threaded to attach to the injector bracket and accept
the propane line. Injector dimensions are shown in appendix B 20-0005.

e The intake valve was knurled on the outside and drilled and tapped in the center to be
threaded onto the injector.

e The injector bracket was rough-cut on the bandsaw, and final dimensions were
machined on the mill out of a flat plate with appropriate holes drilled and tapped shown
in appendix B 20-0003. Graduations were stamped on the side of the brackets showing
the corresponding intake setting for a certain propane pressure setting.

e The forge couple was not be fully machined as it will be easier to buy a pipe coupler and
drill two holes in it to accept locating pins on the burner body flange.

Construction

The burner body is threaded at both ends with a pipe threader for the intake and nozzle
to be threaded at both ends. Locating pins are press-fit into the holes in the burner body flange.
The injector bracket was then attached to the intake with fasteners. The injector and intake
valves are then threaded together, and the propane lines can then be attached to the injector.
Propane fitting requires a 45 degree coupler attached to the injector, a brass pipe nipple to
attach to a ball valve, and an adapter to connect the ball valve to the propane line The propane
line comes from a regulator at the propane tank. The drawing tree in appendix B shows all parts
as they connect to each other. Full assembly is shown in appendix B 10-0001 and 10-0002.

Testing Methods

The desired outcomes of the burner are higher efficiency to heat up a forge more quickly
without a lean burn causing the workpiece to oxidize too much. The burner is tested against the
benchmark black iron pipe burner. The sound of the burner is also a component of the test, as a
smoother sounding burn is an indication of a more efficient burn. The forge will start cold in the
testing and both burners will be timed to reach 1500 °F. Oxidation test will be done by
maintaining 1500 °F chamber pressure and placing a piece of steel in for a given amount of
time.



Budget

All raw materials and fittings are bought from Mcmaster-Carr. Total cost comes out to
$137.53. Itemized budget is shown in appendix D. Mainly round stock is required for the
majority of the parts to be machined out of. All parts that show in the parts list in appendix C that
are not shown in the budget are already owned. Labor is valued at $100 per hour with no
outsourced labor. Tentative schedule as shown in appendix E predicts 150.4 hours of labor is
required, making the total labor cost equal $15,040. Although labor is valued at $100 per hour, it
will be completed by a willing engineer accepting $0 per hour, putting total project cost at
$137.53. Funding may be sourced from CWU, however if CWU does not accept request, it will
have to be funded by the engineer (regardless of his/her) poor financial status.

Schedule

The main deliverables for the project are the proposal with an initial design for the
burner, parts that need machining, full assembly of device assembled with purchased parts, and
a full test of the device with a testing report. The proposal for the project with the design is to be
completed before December 6th, and all changes to design must be completed before the
following January 7th. A fully assembled device must be completed before March 13th with
various milestones for machined part completion in between. Testing will begin on March 31st
and a full report of the test will be completed before June 5th. All individual tasks are scheduled
in appendix E with predicted time constraints for each task.

Project Management

The project is overseen by Professor Charles Pringle, Dr. Craig Johnson, and Dr. John
Choi. The success of the project will be facilitated by the guidance and expertise of the
overseeing professors and machine lab support techs. Physical resources required are
accessible in the CWU machine lab. Solidworks and AutoCAD are available on all CAD lab
computers for designing the burner. Funding can be supported by the engineer, and funding
from CWU will be requested. The project will be designed, built, and tested by the principal
engineer. The engineer’s resume is shown in appendix J.



Discussion

Design Evolution / Performance Creep

The burner was originally going to be designed with an electric blower to give forced
induction. This design was later overlooked as it would not give adjustability in the air flow. The
burner body was originally two inches shorter, however in order for the nozzle to sit in the right
position in the forge with the length of the forge coupler and the thickness of the forge insulation,
the extra length was added. The first design of the injector bracket was 3 inches tall, however
analyses showed that it could be shortened and still give desired adjustability.

Project Risk Analysis

Significant risk is involved in the machining of parts and operation of the device. The
engineer must receive required safety training for operation of the equipment being used to
machine the parts for the device. Proper safety precautions must be taken when operating the
device during use and testing. Specific risks and required precautions are shown in the job
hazard analysis in appendix J.

Successful

The final design of the burner is successful as it has the required geometry to achieve
the requirements. However, most of the analyses may not be a success as different approaches
will be analyzed for solving the flow rates and will be compared to the current approach.
Changes in flow rate analyses will not affect the overall design, however it will affect the
graduations that will be stamped into the side of the injector bracket.

Next Phase

Because of the complexity of the question being analyzed for the project, the analysis of
the flow rates in the burner required various assumptions to make the variables solvable. In the
future, different approaches will be made for solving for the flow rates with different sets of
assumptions. The different analytical approaches will be compared and the approach with the
least assumptions will be used.

Conclusion

The Forge Burner is at a completed design stage and is ready to begin the
manufacturing process of a prototype. The analyses show that the geometry is optimized to
facilitate the perfect air/fuel mixture for a variety of propane pressure settings. Optimal air/fuel
ratios will be achieved at any propane pressure setting within 10 psi increments between 10 and
40 psi. Unlike the benchmark burner, the intake air will not be contaminated with exhaust gas.
With this predictability, the designed burner will be on its way to bringing a forge up to
temperature 20% faster than the benchmark burner.
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A1: Flow rate of propane at 5psi gage.
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A2: Flow rate of propane at 10psi gage.

12



A3: Flow rate of propane at 15psi gage.
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A4: Flow rate of propane at 20psi gage.




A5: Flow rate of propane at 25psi gage.




AG6: Flow rate of propane at 30psi gage.




A7: Flow rate of propane at 35psi gage.




A8: Flow rate of propane at 40 psi gage.




A9: Intake area as a function of valve height




A10: Required intake area for 10psi




A11: Required intake area for 20psi




A12: Required intake area for 30psi




A13: Required intake area for 40psi
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Appendix C

Parts List:

Burner body (Machined from material from McMaster-Carr)
Burner Intake (Machined from material from McMaster-Carr)
Injector (Machined from material from McMaster-Carr)

Injector Bracket (Machined from material from McMaster-Carr)
Intake valve (Machined from material from McMaster-Carr)
Pipe coupler (owned)

Pins (owned)

Brass pipe nipple (Part number 568K153 from McMaster-Carr)
Brass ball valve (Part number 5754T31 from McMaster-Carr)
Brass pipe adapter (owned)

Propane line (owned)

Propane regulator (owned)

Propane tank (owned)
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Appendix D

Budget:

ltem Source Price Quantity | Subtotal Cost
Steel Cyl. Stock McMaster-Carr | 60.00 1 60.00 64.80
Steel Pipe McMaster-Carr | 4.17 1 417 4.50
Steel Plate Stock McMaster-Carr | 1.71 1 1.71 1.85
Steel Injector Stock | McMaster-Carr | 26.75 1 26.75 28.89
Brass Pipe Nipple McMaster-Carr | 2.47 1 247 2.67
Valve McMaster-Carr | 16.04 1 16.04 17.32
Pipe Adapter McMaster-Carr | 16.20 1 16.20 17.50

Total: 137.53
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Testing Report:

Appendix G
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Appendix H

Caleb Desdardins

R05 E Sth Ave 858
Ellensburg. WA

(415) 286-5028

Culeb. Desjarding e ewuedu

Experience
December 2014 - August 2017

Village Eatery and Tea Company
«  Serving Hostung

August 2017 - September 218
Starbucks

« High volume customer service

Education
2003 - 2018
Cascadia College
» Running Start
+  Mechanical Engineering focus
»  Associate degree of Science Transfer

Track
¢ Associate degree of Integrated
Studies
Accomplishments

+ Running Start student in high school

«  Buill computers

«  Made tutorials on fixing a laptop for
iFixit.com

# Designed and built multiple
blacksmithing forges, propane
bumers, and other blacksmithing
equipment

«  Autodidactic in many disciplines.

Summer 201%
MNorthStar Casteel
« Internship
= Quality control on casting project
» Lead project to organize shipment of
casting patterns

201 8-Present
Central Washington University
» Bachelor’s in Mechanical
Engineering Technology, June 2020
» Dean’s list student
ASME club member
Designed and built a propane burner
for senior project

o Certified SolidWorks associate
Hobhies

¢ Blacksmithing™etal art

e  Fining/building cars

e Strength training

s  Motivated and hardworking individual. Frequently sought out by employers and co-
workers for shift coverage because of reputation for good work ethic.

»  Can complete tasks in a imely manner. Able to solve problems logically under pressure.

»  Experienced and skilled in solving practical/mechanical problems.

Summary

Talented in understanding mechanical things and solving mechanical problems from a
young age. Ability to self-teach in any skill to pursue interests and hobbies. History of being a

reliable employee with exceptional work ethic.
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Appendix J

Engimeenng Technalogies, Sately, and Construction Depariment

JOB HAZARD ANALY SIS
{Insert description of work task here}

Prepared by Caleb DesJarding, Reviewed by

Approved by

[Location of Task. CWU Machine lab

Required Equipment | Manual lathe, manual milling machine, band saw, and PPE/ ET3C safety
/ Training for Task: | training

Relference Materials
as appropriate:

hittps:Yehs berkeley edufjob-safety-analysis-jsas-listed-topic
https://ehs unc edwworkplace-safely/jsa’

Paersonal Protective Equipment (PPE) Required
{Check the box for reguired PPE and list any addiionalfzpecific FPE to be used in "Condrols” sechion)

Dzl Mask

Eys
Protection

Welding Mask

Appropriala
Foctwear

Hearing
Protection

Prolaciive
Clathing

Use of any respiratory protechve device beyond a fillenng facepiece respiraior (dust mask) is voluntary by the user.

DESCRIPTION

Turning features o
the Injector, Intake,
Burner Body, and

nogrle.

Entanglement in unguarded moving
parts

Injury due o impropen maching
operations

Tools and objects can Fall and be
propellaed al the operator.

Handifinger contusion due 1o tool
slippage from securing chuck or collet
Bodily injury andior damage 1o
workpiece from incorrect feed rate
Dull tools and improper height lead to
bl surface linishes, out of lolerance
parts and polentially a hazardous
sriuation.

Handffinger contusion dus to tool
slippage from bghlening chuck jaws o
collat

Injury to exposed body parts at points
ol operation

Inspect guards prior to
work,

Locate and ensure you are
familiar with all machine
operations and controls.
Remove unsecured tools
anid objects from the lathe.
Use cormect tool 1o secune
chuck or collet

Reler 1o operations manual
and set proper lathe speed
Use correct and properly
sharpened tool

Use correct tool to secure
chuck jaws and collel 1o
workpiece

Keep body parts and
clothes away from the point
ol operalion

& Name MS-01
Fage 1ol 1

R

Revision Date. Febmary 2018 Revised META80 ¢ ar 2018
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Engineanng Technologies, Sately and Canstruction Department

= Eye injury from debris = Wear PPE during operation
Killing Injector = Injury to hands from milling blades = Mever disconnect safety
biracket and flats shislds from milling blades

on the Injectr [« Heaning damage from machine noise = Wear hearing protection,
such as ear plugs, if
operating maching for
periods extanding more
Than 10 minules.

*  PPossible eye injury trom wire stitches Wear safety glasses during

throwen out by milling blade operation,
= Crushing Ningar hazard Trom ook = D nol hold book at spine
clamp when activating book clamp.
Hold book at the face.
Cutting material to=  CutPuncture!Scrape Hazard = Keep hands away from
sire on Dandsaw |« Pinch Hazards pinch points and blade
betore machining
File Name' BAS-01 Revision No, 1

Page 2 af 1 Revision Date, Felyuary 2018 Revised MET48%9 Oclober 2018



