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Executive	Summary	

This	report	details	the	design	process	for	an	airflow	visualization	system	
for	Price	Industries.	The	system	to	be	designed	was	to	allow	for	the	external	
injection	of	smoke	(or	another	form	of	visualization	technique)	into	an	air	path	
that	is	evenly	distributed	and	without	disrupting	the	throw	or	pattern	of	the	
product.	The	solution	was	to	be	portable	within	the	research	center	and	be	safe	
for	human	exposure.	The	current	system	being	used,	internally	injects	smoke	
into	the	airflow	but	because	the	vent	is	equipped	with	a	HEPA	filter,	the	smoke	
cannot	penetrate,	thus	there	is	a	need	for	an	external	injection	system.		

The	implemented	approach	to	meet	the	requirements	of	this	project	was	
to	first	analyze	the	current	system	in	place.	The	team	visited	Price	Industries	to	
meet	with	the	client	and	assess	the	environment	that	the	new	system	would	be	
used	in.	The	team	used	brainstorming	techniques	as	well	as	competitor	searches	
to	come	up	with	a	unique	solution.	Once	a	concept	was	selected	with	the	client’s	
approval,	the	team	began	the	detail	design	process.		

The	final	design	selected	is	a	hand	held	wand	design	that	utilizes	the	
current	smoke	machine,	which	allows	for	easy	maintenance	since	the	client	is	
already	familiar	with	the	product.	The	wands	nozzle	is	attached	to	a	duct	hose	
that	feeds	to	a	reservoir	equipped	with	a	fan	and	damper	to	adjust	the	flow	rate.	
The	reservoir	sits	on	a	cart	to	increase	portability.	The	length	of	the	wand	nozzle	
can	be	easily	adjusted	to	adapt	to	other	vent	sizes	in	the	future.	The	total	cost	of	
the	visualization	system	comes	under	budget	at	$772.19	CAD.		

Given	the	time	constraints	of	the	project,	the	team	was	not	able	to	build	a	
prototype;	therefore	the	team	was	not	able	to	test	out	the	nozzle	hole	patterns	
that	were	designed.	The	team	has	proposed	future	testing	recommendations	that	
can	be	implemented	by	the	client	to	select	the	optimal	nozzle	design.	Overall,	the	
final	design	described	in	this	report	meets	all	of	the	criteria	for	the	project	scope	
and	meets	each	customer	need.	
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1.	Introduction	

This	project	report	details	the	design	process	of	the	Airflow	Visualization	
Project	contracted	by	Price	Industries,	Ltd.	with	Team	15	of	the	University	of	
Manitoba	Faculty	of	Engineering	–	Mechanical	Department’s	MECH	4860	–		
Engineering	Design	Class	of	2016.	

1.1	Client	and	Project	Background	

	 Price	Industries,	Ltd.	is	a	leading	manufacturer	of	HVAC	and	air	
distribution	products	in	North	America.	In	one	of	their	research	facilities	in	
Winnipeg,	there	are	multiple	show	rooms	that	demonstrate	to	visitors	and	
customers	alike	how	their	air	conditioning	products	work	and	how	the	airflow	
moves	around	a	given	room	or	environment.	This	demonstration	is	
accomplished	by	injecting	smoke	in	the	airflow	upstream	of	the	vent	or	duct	
being	demonstrated.	As	the	air	comes	out	of	the	vent,	the	smoke-injected	air	
flows	around	the	show	room	and	visualizes	the	flow	pattern	of	the	air	inside	the	
room.	Figure	1	shows	an	example	of	this	show	room.		

	
Figure	1:	Airflow	visualization	system	currently	used	at	Price	Industries	

However,	this	technique	does	not	work	for	vents	equipped	with	a	HEPA	
filter.	HEPA	filters,	or	High	Efficiency	Particulate	Arresting	filters,	filter	out	any	
particles	or	particulate	matter	above	a	certain	size	in	the	airflow.	The	smoke	
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used	by	Price	Industries’	current	visualization	system	is	produced	by	a	smoke	
generator	which	unfortunately	produce	particulates	that	are	too	big	to	clear	the	
HEPA	filter.			
	

1.2	Final	Design	Report	and	Scope	
	
Section	2.0	of	the	report	discusses	the	complete	problem	definition	of	the	
project.	This	includes	the	problem	statement	and	objectives,	the	project	
constraints	and	limitations,	the	customer’s	needs	and	finally	the	design’s	target	
specifications.	
	
Section	3.0	discusses	the	team’s	concept	generation	process,	and	Section	4.0	
deals	with	the	team’s	concept	selection.	
	
Section	5.0	discusses	the	selected	and	final	detailed	design,	which	includes	the	
engineering	drawings	of	the	final	design.		
Section	6.0	discusses	the	testing	and	fine	tuning	process	of	the	built	prototype	of	
the	final	design,	as	well	as	recommendations	to	improve	the	design	if	there	was	
more	time.		
	
Section	7.0	concludes	the	project	study	and	presents	the	results	of	the	project.	
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	2.0	Problem	Definition	
This	section	defines	the	problem	as	stated	by	the	client	and	the	

consequent	objectives	that	the	team	must	achieve.	It	also	includes	the	project	
constraints	and	limitations,	the	client’s	needs	and	the	design’s	target	
specifications.		
	

2.1	Problem	Statement	

Price	Industries’	current	airflow	visualization	system	does	not	work	for	
vents	equipped	with	HEPA	filters.	As	such	Price	Industries,	Ltd.	contracted	the	
team	to	design	and	build	a	system	that	can	inject	smoke	and	visualize	the	airflow	
without	the	smoke	getting	filtered	by	the	HEPA	filter.	

The	designed	system	must	fit	with	a	4’X2’	High	Efficiency	Fan	Filter	unit	
as	a	baseline;	compatibility	with	other	sized	vents	is	desirable	but	is	not	
required.		

Any	other	airflow	visualization	solution	that	does	not	use	smoke	is	also	
acceptable.	However,	smoke	is	the	preferred	solution	because	of	the	existing	
smoke	generators	that	are	currently	used	in	the	research	center.	

	

2.2	Objectives	

In	this	project,	the	team	must	design	and	build	a	system	that	can	
externally	inject	smoke	into	the	airstream	without	interfering	with	the	overall	
airflow	of	the	vent/duct.	The	smoke	should	be	evenly	distributed	across	the	vent	
for	better	visualization.	It	should	also	be	portable	enough	to	be	easily	moved	
within	the	research	facility	and	be	safe	enough	that	it	does	not	require	any	
special	safety	equipment	for	its	handling	and	use.	

The	design	must	meet	the	current	industry	standard;	its	flow	parameters	
and	specifications	should	at	least	match	the	performance	of	the	client’s	current	
visualization	system	for	non-filtered	vents,	also	referencing	commercially	
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available	solutions	for	benchmarking.	The	team	must	also	complete	the	project	
by	December	8th,	2016.		

Deliverables	for	the	project	include	the	design	methodology	and	the	
resulting	final	design.	Details	of	the	final	design	include	the	final	list	of	necessary	
parts	for	the	project,	as	well	as	computer	rendered	models	of	manufactured	
parts	needed	for	the	project	and	the	complete	design	assembly.		

	

2.3	Constraints	and	Limitations	

In	completing	this	project,	the	biggest	constraint	for	the	team	is	time.	The	
team	only	had	at	most	three	months	to	complete	the	design,	build	a	prototype	
and	finish	the	project.	Because	of	this	time	constraint,	the	team	initially	aimed	to	
design	and	build	a	visualization	system	for	a	vent	sized	2’	x	4’.		However,	there	
was	not	enough	time	near	the	end	of	the	project	for	the	parts	to	be	ordered	and	
delivered,	preventing	the	team	from	actually	building	a	working	prototype.		

As	for	funding,	the	client	has	been	generous	in	that	they	did	not	specify	a	
tight	budget	for	the	project.	However,	the	team	strived	to	minimize	the	spending,	
setting	commercially	available	solutions	as	cost	benchmarks.	These	commercial	
solutions	hover	around	the	$1500	-	$2000	mark.	Since	the	design	will	be	limited	
to	the	client’s	use	and	will	not	be	developed	into	a	commercial	product,	traits	
important	for	such	a	product	(aesthetics	for	example)	will	be	given	less	
importance.	As	such	the	team	was	able	to	minimize	the	projected	cost	and	build	
the	system	for	less	than	$1000.		

In	designing	the	project,	there	are	also	important	requirements	to	be	met.	
For	example,	the	design	is	limited	to	visualization	techniques	that	do	not	
considerably	affect	the	flow	characteristics	of	the	air	coming	out	of	the	vent.	In	
other	words,	there	should	not	be	a	big	difference	in	the	flow	patterns	of	a	vent	
with	the	system	installed	and	a	vent	without	the	system.	Due	to	this	constraint,	
the	team	cannot	use	gases	that	are	only	visible	in	low	temperatures	(e.g.	carbon	
dioxide	from	dry	ice).	These	gases	might	be	able	to	bypass	the	HEPA	filter,	but	
they	will	affect	the	characteristic	of	the	airflow	given	the	difference	in	
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temperature,	density	and	composition	from	ambient	air.	Also,	most	of	these	pure	
gases	are	toxic	in	concentrations	above	natural	levels.		

This	relates	to	safety	as	another	concern.	The	design	has	to	be	safe	for	
everyday	use	and	the	operator	should	not	need	any	special	equipment	using	the	
prototype.	The	design	cannot	use	any	chemicals	that	need	any	special	type	of	
care.	Any	material/particulate	the	team	uses	must	be	able	to	conform	to	indoor	
air	quality	standards	set	by	the	American	Society	of	Heating,	Refrigerating	and	
Air-conditioning	Engineers	(ASHRAE).		

Weight	is	also	an	important	requirement.	If	the	device	is	going	to	be	
handheld,	it	cannot	be	too	heavy	and	must	be	usable	without	the	aid	of	power-
assist	tools.	If	the	design	is	to	be	installed	on	or	around	the	vicinity	of	the	vent,	
then	it	has	to	be	light	enough	so	that	commercial	fasteners	can	support	it.		

Finally,	because	the	device	is	not	going	to	be	commercialized	and	will	
only	be	used	within	the	client’s	facilities,	the	team	does	not	need	to	adhere	into	
any	commercial	consumer	standards	and	codes.		

With	these	constraints	and	limitations,	the	team	will	have	to	design	a	
system	that	will	meet	the	specific	set	of	needs	discussed	in	the	previous	section.			
	

2.4	Customer	Needs	

To	create	a	successful	design,	the	team	first	identified	all	the	design	
needs.	To	accomplish	this,	the	team	further	consulted	with	the	client	and	
conducted	research	on	commercially	available	solutions.	TABLE	I	lists	the	
customer	needs	that	were	identified.	

TABLE	I:	PROJECT	DESIGN	NEEDS	

N
ee

d	
#	 	

	
Need	

Im
po

rt
an

ce
	

1	 The	design	allows	for	visualization	of	the	airflow	 5	
2	 The	design	is	portable	 2	
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N
ee

d	
#	 	

	
Need	

Im
po

rt
an

ce
	

3	 The	design	is	compatible	with	multiple	diffusers	 2	
4	 The	design	is	durable/rugged	 3	
5	 The	design	is	easy	to	operate	 4	
6	 The	design	is	safe	 5	
7	 The	design	allows	the	air	to	flow	in	its	natural	pattern	 5	
8	 The	design	can	be	built	for	a	low	cost	 4	
9	 The	design	provides	even	distribution	across	the	air	stream	 5	
10	 The	design	is	easy	to	maintain	 3	

	
	
Each	need	was	rated	from	1	to	5,	with	5	being	of	utmost	importance.	

Safety	was	given	an	importance	level	of	5,	because	it	is	imperative	that	the	
design	cannot	be	associated	with	any	risk	of	injury.	Airflow	visualization,	natural	
flow	and	distribution	evenness	received	a	rating	of	5	because	they	directly	
impact	how	accurately	the	airflow	can	be	visualized	as	it	flows	around	the	
demonstration	environment.		

Portability	is	viewed	as	less	important	because	the	design	only	needs	to	
be	portable	within	the	client’s	own	research	center	building.	Therefore,	if	it	is	
large	and	bulky	wheels	can	simply	be	attached	to	the	design.	Being	compatible	
with	multiple	diffusers	is	also	not	a	priority	because	it	was	requested	only	as	a	
bonus	feature	and	not	as	a	requirement.	
	

2.5	Target	Design	Specifications	

In	order	to	ensure	all	of	the	customer	needs	are	fulfilled	by	the	team’s	
design,	various	metrics	used	to	evaluate	each	need	were	compiled.	These	metrics	
are	shown	in	TABLE	II	along	with	the	marginal	and	target	specifications.	
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TABLE	II:	PROJECT	TARGET	SPECIFICATIONS	

M
e
tr
ic
	#
	

N
e
e
d
	#
	

Metric	 Units	 M
a
rg
in
a
l	

T
a
rg
e
t	

1	 1,7,9	 Air	stream	visualization	 subj	 4	 5	

2	 2,6	 Weight	 kg	 <20	 <5	

3	 2	 Length	 cm	 <75	 <40	

4	 2	 Width	 cm	 <40	 <17	

5	 2	 Height	 cm	 <40	 <20	

6	 3	 Compatibility	with	other	diffusers	 subj	 3	 5	

7	 4	 Maximum	height	unit	can	be	dropped	from	 m	 >1	 >1.5	

8	 5	 Time	to	setup	unit	 min	 <10	 <5	

9	 5	 Ease	of	use	 subj	 4	 5	

10	 6	 Harmful	contaminants	in	air	 ppm	 0	 0	

11	 1,7	 Change	in	air	velocity	when	system	is	used	 %	 <5	 <1	

12	 8	 Cost	 $	 <1000	 <750	

13	 10	 Maintenance	time	 min/month	 <20	 <10	

The	marginal	specifications	are	what	the	team	deemed	acceptable	after	
research	and	consulting	with	the	client,	while	the	target	specifications	are	the	
goal	values	the	team	tried	to	achieve.		

As	shown	in	TABLE	II,	some	of	the	metrics	can	be	used	to	assess	multiple	
needs,	and	some	needs	are	judged	using	multiple	metrics.	The	specifications	for	
metrics	2-5,	8,	10,	and	12	were	established	using	the	data	collected	from	
competitors.	The	team’s	target	is	to	receive	perfect	scores	in	all	subjective	tests,	
which	include	metrics	1,	6,	and	9.	However,	this	is	not	a	realistic	expectation	so	
lower	values	will	be	acceptable.	Metric	6	has	the	lowest	acceptable	subjective	
value	because	it	corresponds	to	the	least	important	need.	The	remaining	
specifications	were	decided	upon	the	team’s	interpretation	of	data	and	
information	gathered	from	meetings	with	the	client.	The	team	aims	to	reach	as	
many	of	the	target	specifications	as	possible,	while	ensuring	all	of	the	marginal	
specifications	are	met.		
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3.	Concept	Generation	

The	first	step	in	the	concept	generation	process	is	to	obtain	background	
information;	thus	our	team	performed	internal	and	external	searches	for	
relevant	information	regarding	our	project.	The	following	section	covers	the	
relevant	literature	and	competitor	searches	that	were	performed	as	well	as	an	
overview	of	the	concepts	that	were	generated.		

3.1	Literature	Search	

The	team	investigated	different	flow	visualization	techniques	that	could	
potentially	be	used	in	this	project.	The	searches	were	first	kept	as	broad	as	
possible	to	encouraged	creativity	in	our	brainstorming.	The	following	section	
provides	a	brief	description	of	three	visualization	techniques.		

3.1.1	Particle	Image	Velocimetry	

One	approach	is	adding	a	seeding	particle	into	the	flow	and	then	
obtaining	velocity	measurements	by	particle	testing	with	equipment	such	as	a	
Particle	Image	Velocimetry	(PIV)	system	[1].	This	method	of	flow	visualization,	
although	nonintrusive,	would	not	be	practical	for	this	project,	as	the	results	are	
quantitative.	This	project	does	not	require	any	readings	from	the	process	and	
will	only	be	observed	by	the	human	eye;	therefore	this	method	has	been	ruled	
out.	

3.1.2	Smoke	

A	second	approach	that	was	investigated	was	flow	visualization	by	means	
of	observing	the	light	scattered	from	smoke	[2].	This	method	of	visualization	is	
qualitative,	which	is	better	suited	for	the	scope	of	this	project.	There	are	
different	types	of	smoke	that	can	be	used	for	flow	visualization	such	as	burning	
tobacco,	wood,	and	wheat	straw,	or	by	vaporizing	hydrocarbon	oils.		

3.1.3	Smoke-Wire	

		 The	last	method	explored	was	flow	visualization	by	smoke-wire	
technique.	This	method	introduces	smoke	into	the	airflow	by	using	a	high-
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resistance	wire	coated	in	oil	that	would	be	stretched	across	the	flow	field	[2].	
The	wire	would	release	short	bursts	of	smoke	that	is	controlled	electronically.	
This	produces	a	sheet	of	smoke	that	would	be	released	into	the	flow	field.	The	
amount	of	smoke	created	is	dependent	on	the	number	of	droplets	per	unit	length	
and	diameter	of	the	wire.		

3.2	Competitor	Summary	

Investigating	competitive	products	was	another	important	aspect	of	the	
concept	development	process.	Exploring	the	competition	allowed	us	to	create	
benchmark	specifications	for	our	design.	TABLE	III:	provides	a	description	of	
competitor	products	that	are	currently	on	the	market.		

TABLE	III:	COMPETITOR	PRODUCT	DESCRIPTION		

	

Cost $4880.00	(USD)
Weight 2.5	kg
Battery	Voltage 12	V
Fluid	Reservoir 16	ml	fluid
Consumption 0.7	ml/min
Warm	Up	Time 20	seconds

Cost $999.99	(USD)
Weight 2.7	kg
Power 75	W
Battery 12	VDC
Fog	Output 100	cfm
Consumption 2	mL/min
Fluid Propylene	Glycol

Cost $1,000.00
Fluid DI	Water	droplets
Flow	Rate 0.1-4	CFM
Power	 AC220V	50Hz

Di	Water	Fogger																														
Suzhou	Norda	Cleaning	Tech	

Co.	[6]

Lightweight	fogger.	Generates	fog	of	
ambient	temperature.	Allows	for	natural	
distribution	of	air	movements.	

Hand	held	fog	instrumentation	system	
used	for	airflow	visualization.	Thermally	
neutral	fog.	

Airflow	Fogger.	Cleanroom	laminar	flow	
tests.

Product	Name	and	Company Product	Description

FLOWMARKER	II																													
Degree	Controls	Inc.	[4]	

C	Breeze																																												
Degree	Controls	Inc.	[5]
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(	[3]	[4]	[5]	Inc.,	Flowmarkern	
Currently,	the	most	common	method	used	for	airstream	visualization	is	

using	smoke.	Many	companies	make	portable	smoke	machines,	shown	in	TABLE	
III,	which	can	be	used	to	easily	inject	smoke	into	any	airstream	to	see	the	flow	
pattern.	The	team	has	ruled	out	buying	one	of	these	competitor	products	
because	the	client	stated	they	would	prefer	to	use	the	existing	smoke	machine	
since	they	are	familiar	with	the	maintenance	required.	The	team	then	used	the	
competitor	products	to	establish	target	specifications	for	our	design.	It	should	be	
noted	that	each	of	mentioned	concept	designs	utilize	the	existing	smoke	
machine.	

3.3	Conceptual	Designs	

Our	team	began	brainstorming	ideas	after	completing	the	internal	and	
external	searches.	We	first	did	this	process	separately,	then	came	together	to	
compare	what	ideas	we	had	come	up	with.	After	several	brainstorming	sessions,	
our	team	developed	ten	concepts,	shown	in	TABLE	IV.	The	table	includes	a	
sketch,	name,	and	description	of	the	basic	features.	It	can	be	noted	that	the	
pictures	are	intended	for	visual	aid	and	any	writing	is	not	of	importance	as	it	is	
mentioned	in	the	description.	
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TABLE	IV:	CONCEPT	DESCRIPTIONS	

	

Concept	Name Features/Description

Four	smoke	
dispensing	nozzles	
that	are	placed	on	
each	corner	with	
suction	cups.	The	
hose	is	equipped	
with	a	valve	to	
control	smoke	speed.	

Vent	Liner

Tubing	that	covers	
the	perimeter	of	the	
vent.	The	tubing	has	
small	holes	that	allow	
smoke	to	exit.

Concept

Two	Stands

Two	adjustable	
hollow-tubed	stands	
that	allow	smoke	to	
flow	through.	The	
smoke	exits	the	top	
of	the	stands.	There	
are	a	hoses	that	are	
equipped	with	a	
valve	to	control	the	
flow	of	smoke.

Web

A	custom	vent	cover	
that	has	tubing	built	
in.	The	smoke	exits	
through	small	holes	
that	are	in	the	tubing.

Adjustable	Stands

Several	adjustable	
stands	that	release	
smoke	through	
openings	at	the	top.	
Valves	are	used	to	
control	the		smoke	
speed.	

Four	Corners
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Concept	Name Features/DescriptionConcept

Swivel	Base

A	swivel	base	that		
allows	the	nozzle	to	
be	pointed	in	any	
direction.	

Vent	Cover

An	adjustable	height	
stand	that	has	holes	
along	the	top	half	to	
allow	smoke	to	exit.	

A	vent	cover	that	
matches	the	vent	
perfectly,	so	it	does	
not	interfere	with	the	
airflow.

A	hand	held	nozzle	
that	releases	smoke.	
The	smoke	machine	
that	it	is	hooked	up	
to	sits	on	a	base	that	
has	wheels.	

	Nozzle

	Wand

A	hand	held	tube	
wand.	The	tube	has	
holes	to	release	the	
smoke.	

Smoke	Stand
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These	concepts	were	then	scored	and	ranked	to	narrow	the	list	down	to	a	
final	design	choice.	A	detailed	description	of	this	selection	process	is	provided	in	
the	following	section.			
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4.	Concept	Selection	

With	a	large	pool	of	potential	concepts,	we	needed	to	eliminate	some	of	
the	weaker	ideas,	and	ultimately	choose	the	best	concept.	We	began	by	
comparing	our	concepts	to	the	most	common	design	on	the	market.	Using	the	
design	needs	to	conduct	this	comparison,	we	were	able	to	narrow	the	field	down	
to	six	concepts.	Through	further	evaluation	using	our	needs,	we	found	the	top	
three	concepts.	We	then	presented	these	to	the	client,	at	which	point	we	made	
some	alterations	based	on	suggestions	that	were	made.	After	the	alterations,	our	
team	had	a	final	design	selected.	

4.1	Initial	Concept	Selection	

To	begin	the	selection	process,	we	rated	all	of	our	concepts	against	a	
reference.	The	chosen	reference	concept	was	a	handheld	portable	smoke	
machine,	as	this	is	the	solution	currently	used	by	competitors.	Each	of	our	
concepts	was	then	compared	directly	to	this	reference	using	our	previously	
determined	design	needs.	Each	concept	being	evaluated	would	be	scored	as	
better	than	(plus),	same	as	(zero),	or	worse	than	(minus),	when	compared	to	the	
reference.	The	initial	concept	evaluation	is	shown	in	TABLE	V.	



	 15	

TABLE	V:	INITIAL	SELECTION	MATRIX;	HANDHELD	SMOKE	MACHINE	AS	REFERENCE	

	
	
The	scores	for	each	concept	were	summed,	and	the	top	six	concepts	

advanced	for	further	screening.	The	top	concepts	were	the	heat	camera,	wand,	
smoke	stand,	nozzle,	4	corners,	and	adjustable	box.	All	of	these	concepts	had	
positive	scores,	which	indicates	all	are	better	than	the	current	design	of	a	
handheld	smoke	machine.	This	method	of	evaluation	provided	us	with	a	quick	
and	easy	way	to	narrow	down	our	pool	of	concepts.		

4.2	Relative	Weighting	of	Needs	

The	final	concepts	needed	to	be	narrowed	down	to	three	top	choices	to	
present	to	the	client.	To	accomplish	this	task,	our	design	needs	were	once	again	
used	to	judge	our	concepts.	The	weight	of	each	need	was	determined	using	a	



	 16	

comparison	matrix.	Each	need	was	compared	to	one	another	to	judge	their	
relative	importance	to	each	other.	The	needs	weighting	matrix	is	shown	in	
TABLE	VI.	

TABLE	VI:	RELATIVE	WEIGHTINGS	AND	COMPARISON	OF	DESIGN	NEEDS	

	
	
Every	time	a	need	was	scored	as	being	more	important	than	another,	it	

was	scored	a	point.	These	points	were	then	used	to	determining	the	weighting	of	
each	need.	The	most	significant	need	was	found	to	be	safety,	with	a	relative	
weighting	of	20%.	Following	closely	behind	were	the	needs	highlighted	by	the	
client,	including	airflow	visualization,	the	design	not	affecting	the	natural	airflow	
pattern,	and	having	an	even	distribution	across	the	airstream.	The	least	
important	needs	were	found	to	be	having	a	diverse	compatibility	and	cost.	This	
is	because	the	client	indicated	our	design	would	focus	on	one	specific	vent,	and	
that	a	strict	budget	did	not	exist.	
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4.3	Detailed	Concept	Selection	

Each	of	the	top	six	concepts	were	independently	evaluated	for	each	need,	
and	given	a	score	using	a	five	point	system.	These	scores	were	then	adjusted	
based	on	the	weightings	determined	in	the	previous	section.	Finally,	these	
weighted	scores	were	summed	to	determine	which	concepts	would	be	presented	
to	the	client.	The	concept	selection	matrix	is	shown	in	TABLE	VII.	

TABLE	VII:	DETAILED	CONCEPT	SELECTION	MATRIX	

	
	
While	the	most	important	need	was	safety,	this	category	ultimately	had	

no	impact	on	the	selection	process.	This	is	because	all	finalist	designs	received	a	
perfect	score	of	5.	

After	using	the	concept	selection	matrix,	the	top	concepts	were	found	to	
be	the	wand,	the	4	corners,	and	the	adjustable	box.	These	designs	all	provide	
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even	airflow	visualization,	without	impeding	the	natural	airflow.	These	designs	
also	incorporate	the	use	of	a	smoke	machine	that	the	client	already	owns.	This	
provides	a	major	saving	in	cost,	and	also	helps	achieve	low	maintenance,	as	the	
client	already	knows	how	to	operate	and	care	for	this	specific	machine.		

The	heat	camera	received	the	lowest	overall	score.	This	was	expected	as	
we	began	to	find	many	issues	with	using	a	heat	camera.	The	first	issue	is	poor	
airflow	visualization.	This	is	due	to	two	factors.	Firstly,	the	incoming	air	must	be	
a	different	temperature	than	the	room	in	order	to	see	the	difference	using	a	heat	
camera.	Secondly,	heat	cameras	are	better	suited	for	capturing	the	temperature	
of	objects,	not	the	air.	Furthermore,	even	if	a	heat	camera	were	a	good	choice,	
they	are	extremely	expensive,	making	it	an	unviable	option.	Even	though	the	
client	did	not	provide	an	explicit	budget,	a	heat	camera	would	cost	upwards	of	
10	times	the	cost	of	other	concepts.	

4.4	Client	Consultation	

We	met	with	our	client	to	present	our	top	three	concepts.	The	goal	of	this	
meeting	was	to	narrow	it	down	to	one	clear	concept	that	we	would	be	able	to	
move	forward	with.	We	presented	our	ideas	for	the	adjustable	box,	the	4	corners,	
and	the	wand	designs.	Initially,	the	client	preferred	the	wand.	This	was	mainly	
due	to	its	simplicity,	as	the	other	two	designs	would	require	substantial	setup	for	
each	use.	The	wand	is	also	a	design	that	can	easily	be	adapted	for	use	with	other	
vents.	While	this	is	not	a	requirement,	it	is	a	bonus	feature	that	the	client	felt	
would	be	useful.	

A	few	minor	changes	were	made	to	the	original	concept	to	further	
improve	the	design.	Alongside	the	client,	we	decided	that	our	machine	should	
allow	for	a	variable	flow	rate	of	smoke.	This	would	allow	for	the	design	to	adapt	
to	a	variety	of	airflow	conditions	from	the	vent.	In	order	to	achieve	this,	a	
mechanical	valve	will	be	place	inline	with	the	hose.	By	restricting	the	flow	
through	the	hose,	the	rate	of	smoke	output	can	be	adjusted.	

In	addition	to	the	valve,	a	reservoir	will	be	required	to	accumulate	the	
smoke	before	blowing	it	into	the	airstream.	If	the	desired	smoke	output	is	less	
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than	the	rate	of	smoke	production,	the	reservoir	will	fill	with	the	excess	smoke.	If	
there	is	a	demand	for	a	larger	smoke	output	than	the	machine	can	produce,	the	
excess	smoke	in	the	reservoir	will	be	used.		

4.5	Final	Concept	

The	final	concept	we	have	decided	to	proceed	with	is	a	modification	of	the	
wand	design.	From	the	original	wand	concept,	we	added	a	reservoir	for	the	
smoke	to	accumulate,	a	valve	to	adjust	the	flow	rate,	and	a	cart	to	increase	
portability.	This	final	concept	is	displayed	in	Figure	2	below.	

	
Figure	2:	Sketch	of	final	concept	

A	reservoir	will	encase	a	smoke	machine	to	allow	for	the	accumulation	of	
smoke.	The	smoke	machine	and	reservoir	will	be	placed	on	a	cart	to	increase	the	
portability	of	our	design.	A	fan	will	be	positioned	at	the	exit	of	the	reservoir.	This	
fan	is	necessary	to	force	the	smoke	to	flow	through	the	hose	and	out	the	wand.	
The	fan	will	be	attached	to	a	hose	that	has	an	inline	valve	for	adjusting	the	flow	
rate.	At	the	other	end	of	the	hose,	the	wand	will	be	attached.	This	wand	will	be	
easily	interchangeable	to	allow	our	design	to	adapt	to	other	vent	sizes	in	the	
future.	 	
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5.	Detailed	Design	

The	final	concept	we	have	decided	to	proceed	with	consists	of	a	platform	
cart,	theatrical	smoke	machine,	smoke	reservoir,	fan,	damper,	duct	hose,	and	the	
wand.	
	 The	smoke	machine	will	be	placed	on	the	cart,	inside	of	the	reservoir.	The	
fan	will	be	mounted	on	the	inside	of	the	reservoir.	The	damper	will	then	be	
connected	to	the	fan,	and	the	section	of	duct	containing	the	damper	will	pass	
through	the	side	of	the	reservoir.	The	duct	hose	will	attach	to	the	damper	at	one	
end,	and	the	wand	at	the	other	end.	
	 To	begin	operation,	the	damper	will	be	closed	and	the	smoke	machine	
will	be	turned	on.	This	will	allow	the	reservoir	to	accumulate	smoke.	The	
damper	will	then	be	opened	and	the	fan	will	be	turned	on.	This	will	force	the	
smoke	to	exit	the	reservoir,	and	travel	to	the	wand	where	it	will	be	discharged.	
The	fan	speed	will	be	variable	in	order	to	regulate	the	discharge	rate	of	smoke	
out	of	the	wand.	Adjusting	the	damper	provides	additional	control	of	the	smoke	
flow	rate.	Opening	the	damper	more	will	increase	the	flow	rate	and	vice	versa.	
	 This	section	of	the	report	will	focus	on	sourcing	the	specific	components	
needed	to	build	our	design.	At	the	end	of	this	section	there	is	a	summary	of	all	
the	parts	required,	as	well	as	their	associated	costs.	

5.1	Cart	

To	make	our	design	portable	we	will	place	it	on	top	of	a	cart.	This	cart	will	
also	function	as	the	base	for	our	design,	as	we	will	build	off	of	it.	Any	platform	
cart	would	be	suitable	for	our	needs,	so	we	focused	on	finding	the	least	
expensive	option	available.	A	summary	of	the	selected	cart	is	shown	below	in	
TABLE	VIII.	
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TABLE	VIII:	SUMMARY	OF	PLATFORM	CART	

Part	 Supplier	 Specifications	
Platform	Cart	[6]	

	

Princess	Auto	
Product	8493959	

Cost:	$104.99	(CAD)	
Platform	Size:	35”	x	24”	
Max	Capacity:	660	lbs	

	
Any	cart	similar	to	the	one	shown	above	could	easily	be	substituted.	The	

client	may	have	a	platform	cart	that	we	could	use,	but	they	were	unsure	and	
requested	a	cart	be	sourced	in	the	event	that	one	must	be	ordered.	

5.2	Reservoir	

The reservoir in this design will be a solid, cubic lid that will go on top of the 

cart. The purpose of having the reservoir is to store the smoke coming out of the 

smoke machine like a buffer and let the operator have the ability to control the 

amount of the smoke flowing into the wand. The bottom edge of the reservoir will be 

installed with rubber trim for sealing purpose. Eight fixtures are fabricated and fixed 

on the cart to prevent the reservoir and the fog machine from moving laterally across 

the cart. The fog machine is housed inside of the reservoir. 

 A 4 inches diameter hole is cut into two of the side panels. The one on the 

back panel (side panel 3) will connect the hose from the smoke wand to the reservoir. 

This hose will go through the hole and will be connected to the damper, which is in 

turn connected to the driving fan mounted inside the reservoir’s sidewalls. The other 

4 inches hole on the front panel (side panel 4) is for a backdraft damper, which is 

used to balance the inner and outer side pressure of the reservoir and prevent 

backflow when the system runs. This is because when the fan sucking the smoke out 

from the reservoir to the wand, there will be a pressure drop inside of the reservoir, 
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which will in turn become a reacting force preventing the smoking going out. With 

the backdraft damper installed on the side panel, it can let the air come into the 

reservoir from the atmosphere in one direction to balance the pressure difference. A 

computer model of the reservoir is shown in Figure	3 and Figure	4. 

 

	
Figure	3:	Reservoir	rendering	–	front.	

	
Figure	4:	Reservoir	rendering	–	back.	

5.2.1	Reservoir	Body	

In order to manufacture the reservoir, we selected the 3003H14 Aluminum 

from Metal Supermarket as the raw material. The reason the 3003H14 Aluminum is 

chosen in this case is that the reservoir is manufactured by welding five side panels 

together and the smoke from the fog machine is formed by vaporized water. The 

3003H14 Aluminum has an ideal for welding and is corrosion resistant.  

Since the dimensions of the reservoir is 30 inches by 20 inches by 20 inches 

without the bottom panel, the minimum metal sheet size that needs to be ordered is 70 

inches by 40 inches. The chosen thickness of the aluminum is 0.04 inch to ensure the 

stiffness of the reservoir structure and keep the overall design light weight. 

Figure	5 shows the cutting lines of the metal sheet to form different panels of 

the rectangular reservoir. 
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Figure	5:	Reservoir	raw	material	dimensions	and	cutting	lines.	

The red lines in Figure	5 indicate the cutting lines on the raw material. The 

raw material sheet will be cut into six pieces, including five side panels for the 

reservoir and a reserved piece for manufacturing eight fixtures. Five side panels 

include a Top panel, Side 1, Side 2, Side 3, and Side 4. The detailed design of the 

fixtures will be described in 5.2.4. 

The top surface of the reservoir is 30 inches by 20 inches. Side 1 and Side 2 

are the left and right panels of the reservoir. Side 3 is the front panel and Side 4 is the 

back. All the side panels have a height of 20 inches. 

For the top panel of the reservoir, two 0.20 inch holes need to be drilled in 

order to mount the fan. The fan is fixed on the inside surface of the top panel by two 

screws. The detailed design is shown as in Figure	6. 
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Figure	6:	Top	panel.	

On the front panel (side panel 3), a hole is needed for the outlet pipe. The 

diameter of the pipe is 4 inches. The detailed design is shown in Figure	7 below. 

	
Figure	7:	Front	panel	(Side	3)	design.	

The back panel (side panel 4) requires another 4 inch hole for the backdraft 

damper. The detailed design of the panel 4 is illustrated below in Figure	8: 
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Figure	8:	Back	panel	(Side	4)	design.	

There is no further process on side 1 and 2. All the panels are then welded 

together to form the reservoir as is shown in Figure	3 and Figure	4. 

5.2.2	Rubber	Trim	

Since the reservoir does not have a bottom panel and is put on the cart like a 

lid and the metal edges of the side panels directly contact with the flat surface of the 

cart, some sealing method is necessary in case the cutting edges cannot have a full 

contact with the cart surface. The rubber trim mounted on the four bottom edges can 

prevent the smoke leaking from the bottom edges of the reservoir. Also, the 

unfinished edges may become a safety hazard for the employees when they take the 

reservoir off. Having the rubber trim covering the unsmooth edges can prevent the 

unexpected injuries. 

Rubber trim was sourced from McMaster-Carr and is shown in TABLE	IX. 
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TABLE	IX:	RUBBER	TRIM	SELECTION	FOR	RESERVOIR	

Part Supplier Feature Price 
Rubber Trim [7] McMaster-

Carr 
Type 2 

Rubber Edge 
Trim 

A=1/32 inch 
B=9/32 inch 
C=9/32 inch 
D=3/8 inch 

1-99 Ft.: 
$1.16/Ft. 

 
100-UP Ft.: 

$0.70/Ft 

 
 

The total length that is required is at least 100 inches. 

5.2.3	Backdraft	Damper	

In terms of the backdraft damper, the VTBDD4 damper shown in TABLE	X 

from Amazon is selected, which has the diameter of four inches. 
TABLE	X:	BACKDRAFT	DAMPER	SELECTION	FOR	RESERVOIR	

Part Supplier Feature Price 
Backdraft Damper [8] Amazon.ca 

by 
Atmosphere 

Backdraft 
Damper 

with a shaft 
for each of 

the two 
flaps and a 
perimeter 
gasket, 4 
inches in 
diameter 

CAD$27.31 

 

 

The reason this backdraft damper is chosen is that it features a perimeter 

gasket around the damper so that it can seal the flaps with the outer casing of the 

damper to prevent the smoke from leaking out of the reservoir when the damper is 

supposed to close. Also, the damper size need to be small to be compacted in the 

design and the four inches diameter is the smallest backdraft damper that can be 

found with a reasonable price under a budget constraint. 

5.2.4	Fixtures	

As is described above, the reservoir is put on the cart like a lid and the fog 

machine is also put on the cart inside of the reservoir. Without any mounting screws, 

the reservoir and the smoke machine are unstable on the cart, and would easy slide 
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when subjected to the cart accelerating or a force acting on the reservoir. This could 

result in damage to the system or cause a potential safety hazards. Therefore, some 

fixtures can be applied to fix the location of the reservoir and the smoke machine. 

As is shown in Figure	5, there are some spaces reserved to manufacture the 

fixtures. The detailed design of the fixture is shown below in Figure	9. 

  
Figure	9:	Reservoir	and	smoke	machine	fixture	design.	

The fixture consists of two sides: the bottom side and the side stand, and a 

bottom hole. The bottom side sticks to the upper surface of the cart and the fixture is 

fixed to the cart by a screw that goes through the bottom hole. When the reservoir or 

the smoke machine is put on the cart, the side stand will touch the side of the 

reservoir or the smoke machine. The side stand and the bottom side forms a 90° angle 

by bending the flat work piece. The work piece is 5 inches in length and 5 inches 

wide. The bending process goes right at the centerline of the work piece, so the side 

stand is 2.5 inches in height and the bottom side is 2.5 inches in width. The bottom 

hole is 0.30 inch in diameter and is drilled at the geometrical center of the bottom side 

of the fixture. There are eight fixtures that can be cut from the raw material aluminum 
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sheet, and four of them are used to fix the reservoir and the other four are for the 

smoke machine. The fixture locations on the cart are illustrated in Figure	10. 

 
Figure	10:	Reservoir	and	smoke	machine	fixture	locations.	

Figure	11 provides a detailed view of how the fixture interacts with the cart, 

the reservoir and fog machine. 

 
Figure	11:	Fixture	interacting	solution.	
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5.3	Fan	

In	order	to	force	the	smoke	to	exit	the	reservoir,	our	design	requires	the	
use	of	a	fan.	The	fan	is	positioned	inside	of	the	reservoir,	therefore	the	fan	must	
not	exceed	the	dimensions	of	it.	Ideally	the	fan	will	have	a	round	discharge	that	
can	be	directly	connected	to	round	ductwork.	We	will	power	the	fan	using	a	
conventional	wall	outlet,	as	this	is	the	same	power	source	required	for	the	
smoke	machine.	A	rheostat	will	be	used	to	adjust	the	voltage	provided	to	the	fan,	
thus	adjusting	its	operating	speed.	For	ease	of	use,	we	will	also	wire	a	switch	to	
turn	the	fan	on	or	off	without	the	need	to	unplug	it.	

5.3.1	Fan	Unit	

Using McMaster-Carr as the supplier, we sourced two fans that could be used 

for our design. Two fans were sourced at the request of the client to provide an 

alternative option should our primary choice become unavailable. The fans are 

summarized in TABLE XI. 
TABLE	XI:	SUMMARY	OF	FANS	

Part	 Supplier	 Specifications	
Axial	Inline	Fan	[9]	

	

McMaster-Carr	
Product	19665K21	

Cost:	$44.97	(USD)	
Airflow:	230	cfm	@	0”	
sp	
Volume:	68	db	@	3	ft	
Length:	5	1/4”	
Width:	6”	
Height:	4	3/16”	
Power:	12	Volts	DC	

Centrifugal	Blower	[10]	
(Alternative)	
	
	
	

McMaster-Carr	
Product	2059K14	

Cost:	$136.97	(USD)	
Airflow:	250	cfm	@	0”	
sp	
Volume:	86	db	@	10	ft	
Length:	9	5/8”	
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We	elected	to	use	the	axial	fan	for	our	design.	The	main	reason	for	this	
choice	is	the	vast	difference	in	price.	Furthermore,	the	axial	fan	is	more	compact	
than	the	centrifugal	blower.	Another	key	factor	is	the	noise	level.	The	centrifugal	
blower	is	significantly	louder,	and	would	potentially	require	hearing	protection	
if	being	used	for	an	extended	period	of	time.	

5.3.2	Fan	Mounting	Hardware	

The	fan	will	be	mounted	to	the	ceiling	of	the	reservoir	using	two	bolts.	
The	selected	bolts	and	nuts	have	been	sourced	as	shown	in	TABLE	XII.	 	

Part	

	

Specifications	
Width:	9	1/4"	
Height:	8	3/4"	
Power:	12	Volts	DC	
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TABLE	XII:	SUMMARY	OF	FAN	MOUNTING	HARDWARE	

 

 

The fan has mounting slots for 3/16” bolts. This is equivalent to a #10 size bolt. 

A lock nut will be used to ensure the fan remains securely mounted. 

5.3.3	Fan	Power	Supply	

The	specified	fan	requires	a	power	source	that	supplies	12	volts	of	DC	
power	with	a	current	of	4.3	amps.	However,	we	want	to	power	this	fan	using	a	
conventional	wall	outlet,	which	provides	110-120	volts	of	AC	power.	

In	order	to	get	the	desired	DC	power,	we	will	use	an	AC	to	DC	adapter.	
This	adapter	plugs	in	to	a	wall	outlet	to	accept	an	input	of	100-240	V-AC.	It	then	
converts	this	power	DC,	and	has	an	output	of	12	V-DC,	5	A.	The	output	of	the	
adapter	is	a	barrel	jack,	but	the	fan	has	two	lead	wires	for	connection	to	a	power	
source.	To	overcome	this	incompatibility,	an	adapter	will	be	used	that	has	an	
input	of	a	barrel	jack,	and	an	output	of	screw	terminals	for	easy	connection	of	
the	lead	wires.	

Part	 Supplier	 Specifications	
#10-24	x	1½”	Stainless	
Steel	Round	Machine	
Screws	[11]	

	

Home	Hardware	
Product	2123-259	

Cost:	$2.69	(CAD)	
5	pack	
Round	head	socket	
	
	
	
	

#10-24	Stainless	Steel	
Nylon	Lock	Nuts	[12]	

	

Home	Hardware	
Product	2151-186	

Cost:	$2.59	(CAD)	
5	pack	
Nylon	sleeve	prevents	
loosening	
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With	the	combination	of	the	two	adapters,	we	can	now	power	the	fan	
using	a	wall	outlet	as	the	source.	To	make	it	easier	to	control	the	fan,	a	rheostat	
and	toggle	switch	will	be	placed	in	the	circuit.	Using	this	switch,	we	will	be	able	
to	turn	the	fan	on	or	off	while	it	remains	plugged	into	the	outlet.	

Shown	below	in	Figure	12	is	a	schematic	wiring	diagram	for	the	power	
supply.	

	

	
Figure	12:	Schematic	wiring	diagram	for	the	fan	power	supply	

	
All	components	required	for	the	power	supply	are	summarized	on	the	

next	page	in	TABLE	XIII.	
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TABLE	XIII:	SUMMARY	OF	FAN	POWER	SUPPLY	PARTS	

Part	 Supplier	 Specifications	
AC	to	DC	Adapter	[13]	

	

Amazon.ca	
Product	B01FFY9CDQ	

Cost:	$12.99	(CAD)	
Input:	100-220	volts	AC,	
standard	wall	plug	
Output:	12	volts	DC,	5	
amps,	male	barrel	jack	

Barrel	Jack	Adapter	[14]	

	

Amazon.ca	
Product	B00EFZV24Y	
	

Cost:	$5.75	(CAD)	
Input:	Female	barrel	jack	
Output:	Screw	terminal	

Rheostat	[15]	

	

Newark	Canada	
Product	64K5748	

Resistance:	2	ohms	
Power	Rating:	25	W	
Shaft	Diameter:	6.35	mm	
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5.4	Damper	

One	of	the	requirements	for	our	design	is	the	ability	to	change	the	flow	
rate	of	smoke	being	injected	into	the	airstream.	In	order	to	achieve	this	goal	we	
chose	to	use	a	damper.	The	user	will	be	able	to	manually	adjust	the	damper,	
which	will	adjust	the	flow	rate.	Closing	the	damper	will	restrict	the	airflow,	and	
therefore	decrease	the	flow	rate.	The	damper	can	be	adjusted	from	fully	open	to	
fully	closed.	The	damper	shall	be	inside	a	section	of	4”	round	ductwork	to	be	
compatible	with	the	output	of	our	selected	fan.		

In	order	to	save	cost,	the	damper	was	sourced	from	the	client.	Shown	
below	is	a	damper	from	Price	Industries	that	was	selected	for	our	design.	The	
damper	does	not	need	to	be	the	exact	one	shown,	any	4”	round	damper	will	be	
acceptable.	

	 	

Part	 Supplier	 Specifications	
Rheostat	Knob	[16]	

	

Newark	Canada	
Product	61R9659	

Shaft	Diameter:	6.35	mm	
Knob	Diameter:	
19.84	mm	

Toggle	Switch	[17]	

	

McMaster-Carr	
Product	7343K184	

Cost:	$6.53	(USD)	
Connection:	Screw	
terminal	
Switch	Action:	Stays	
switched	
Max	Voltage:	28	DC	
Amp	Rating:	6	A	
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TABLE	XIV:	SUMMARY	OF	DAMPER	

Part	 Supplier	 Features	
4”	Round	Damper	
[18]	

	

E.H.	Price	Sales	
Model	CCD-RD	4”	diameter	

Cost:	Provided	by	client	
Material:	Galvanized	steel	
Length:	10”	

5.5	Hose	

To	get	the	smoke	from	the	reservoir	(near	the	ground)	up	to	the	vent	
(approximately	10	feet	high),	flexible	duct	hosing	will	be	used.	We	will	use	a	
hose	that	is	15	ft	long	to	allow	the	ceiling	vent	to	be	easily	reached.	When	
choosing	the	hose,	it	is	important	that	the	hose	is	designed	for	used	with	fumes	
(smoke),	instead	of	standard	air.	To	connect	the	hose	to	the	damper	and	wand,	
worm-drive	clamps	will	be	used.	A	suitable	choice	for	the	hose,	along	with	the	
appropriate	clamps,	are	summarized	in	TABLE	XV	below.		

	
TABLE	XV:	SUMMARY	OF	HOSES	

Part	 Supplier	 Specifications	
Retracting	Very	Flexible	Duct	
Hose	with	Wear	Strip	for	
Fumes	[19]	

	

McMaster-Carr	
Product	5421K17	

Cost:	$7.14/ft	(USD)	
Inner	Diameter:	4”	
Outer	Diameter:	4	3/8”	
Material:	Neoprene-
coated	polyester	
Spiral:	Metal,	right	hand	
Max	Pressure:	13	psi	



	 36	

Part	 Supplier	 Specifications	
Duct	Hose	Clamp	for	Spiral	
Duct	[20]	

	

McMaster-Carr	
Product	45955K71	

Cost:	$5.69	(USD)	
For	use	with	flexible	duct	
hose	
Clamp	Type:	Worm	drive	
Diameter	Range:	3	¼”	–	
4	¾”		
Spiral	Direction:	Right	
hand	

	
We	chose	this	specific	hose	mainly	due	to	its	retracting	feature.	With	this	

feature,	the	hose	will	automatically	retract	to	the	smallest	size	it	can	be.	This	will	
eliminate	slack	in	the	hose,	making	it	easier	to	operate.	It	will	also	be	beneficial	
for	storing	the	hose,	as	the	other	choices	require	manual	compression.	This	hose	
also	comes	equipped	with	wear	strips,	which	protects	the	hose	from	damage	
when	dragging	on	the	ground.	

5.6	Wand	

Once	the	final	concept	selection	was	made,	our	team	broke	the	design	
down	to	smaller	components	to	be	analyzed.	This	section	includes	a	
recommendation	for	each	component	in	the	wand	design.	Figure	13	shows	a	
sketch	of	the	wand	to	provide	a	visual	for	the	individual	components.	The	smoke	
will	flow	through	the	connecting	hose	and	into	the	tee	connector	then	flow	into	
the	nozzle.	There	are	holes	in	the	nozzle	that	allow	the	smoke	to	flow	through	
and	into	the	air	stream.	
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Figure	13:	Diagram	of	the	wand.	

There	are	five	main	components	in	the	wand	design,	which	include:	
1. Handle	
2. Nozzle	
3. Reducer	
4. Connector	Tee	
5. Cap	
Piping	is	used	for	both	the	handle	and	the	nozzle,	which	has	a	diameter	of	2	

inches.	The	length	of	the	handle	needed	to	be	long	enough	for	the	wand	to	reach	
a	10	foot	high	ceiling,	thus	a	4	foot	handle	was	decided	on.	The	length	of	the	
nozzle	was	chosen	to	match	the	2	foot	wide	vent.	Furthermore,	the	reducer	is	
used	to	connect	the	4	inch	duct	hose	to	the	tee	connector,	which	has	a	two-inch	
diameter.	The	tee	connector	is	then	used	to	attach	to	the	handle,	as	well	as	the	
nozzle.	Lastly,	to	prevent	smoke	from	escaping	into	the	handle	through	the	tee-
connector,	pipe	repair	tape	is	used	to	create	a	seal.	Modification	to	the	length	of	
the	nozzle	can	be	made	to	accommodate	different	vent	sizes	by	using	different	
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length	piping	for	the	nozzle	or	adding	an	additional	pipe	using	a	connector.	
Lastly,	a	pipe	cap	is	used	at	the	end	of	the	nozzle	to	create	a	seal	to	stop	smoke	
from	escaping	from	the	end	of	the	nozzle.		
	

The	final	recommended	parts	for	each	component	is	listed	in	TABLE	XVI	
below	along	with	product	information.		

TABLE	XVI:	PARTS	LIST	FOR	WAND	

	

Part Supplier Features Price	($)
Nozzle

Handle

Tee	Connector

Reducer

Cap

Repair	Tape

McMaster-Carr

Standard-	Wall	White	PVC	
Pipe	Fitting.	2"	Pipe	Size.	
Unthreaded,	Female	
Socket	End

0.94	USD

McMaster-Carr
Repair	Tape	for	Pipes.	2"	
Wide.	 15.00	USD

McMaster-Carr

Standard-Wall	White	PVC	
Pipe	Fitting.	2"	Pipe	Size.	
Female	Unthreaded	
Sockets.

2.25	USD

McMaster-Carr

Standard-Wall	White	PVC	
Fitting.	Reducing	
Couplings,	Female	
Unthreaded	Socket	End.	
3"	to	2"	Pipe	Size.

7.00	USD

McMaster-Carr	
Standard-Wall	Clear	PVC	
Unthreaded	Pipe.	2"	Pipe	
Size

7.45/ft	USD

McMaster-Carr
Standard-Wall	Clear	PVC	
Unthreaded	Pipe.	2"	Pipe	
Size

7.45/ft	USD
[21]	

[21]	

[24]	

[25]	

[23]	

[21]	
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Each	of	the	parts	can	be	easily	snapped	to	fit	one	another	and	will	not	
require	any	piping	cement	as	the	wand	will	not	be	used	for	high	pressure	flows.		

5.6.1	Wand	Hole	Design	

Three	different	patterns	for	the	nozzle	have	been	designed	for	future	
testing.	The	testing	for	the	smoke	visualization	is	subjective,	thus	it	was	not	
possible	for	our	team	to	select	a	recommended	design	without	being	able	to	first	
test	using	the	smoke.	The	holes	will	be	drilled	using	a	standard	power	drill	with	
bit	sizes	of	0.12	inch,	0.16	inch,	and	0.24	inch	depending	on	the	design,	which	are	
shown	in	Figure	13,	Figure	15,	and	Figure	16.	

The	first	design,	shown	in	Figure	14,	consists	of	a	single	row	of	holes	of	
three	different	diameters	(0.12	inch,	0.16	inch,	and	0.24	inch).	All	holes	are	
equally	spaced	with	1	inch	between	them.	The	holes	start	smaller	and	increase	in	
size	as	it	moves	down	the	end	of	the	nozzle.	This	will	account	for	the	pressure	
difference	in	the	end	of	the	wand	that	is	closer	to	the	input.		
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Figure	14:	Nozzle	pattern	for	design	one.	

The	second	design,	shown	in	Figure	15,	also	accounts	for	the	pressure	
difference	in	the	nozzle	by	starting	with	fewer	holes	in	the	beginning	of	the	wand	
and	increasing	the	rows	as	it	moves	down	the	nozzle.	The	hole	diameters	are	all	
0.12	inch	and	are	equally	spaced	with	a	1	inch	distance	between	them.	
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Figure	15:	Nozzle	pattern	for	design	two.	

The	last	design,	shown	in	Figure	16,	consists	of	a	single	row	of	holes	(each	
0.12	inch	diameter	and	1	inch	spacing).	It	is	undetermined	whether	the	pressure	
difference	in	the	wand	will	affect	the	smoke	being	released	therefore	we	created	
this	design	to	test	whether	or	not	the	pressure	difference	will	be	a	factor.	To	test	
if	the	pressure	difference	has	an	effect	on	the	output	of	the	smoke,	this	design	
can	be	used	to	identify	if	more	smoke	is	being	released	on	one	end	than	the	
other.	This	test	will	be	subjective	and	will	need	to	be	tested	in	the	smoke	stream.		
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Figure	16:	Nozzle	pattern	for	design	three.	

Details	of	the	recommended	testing	procedure	that	has	been	designed	is	
be	covered	in	more	detail	in	the	testing	recommendations	section.	

5.7	Summary	

A	design	summary	of	the	final	system	is	summarized	in	this	section	along	
with	a	cost	summary.	
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5.7.1	Final	Design		

 The final system that was designed consists of eight main components, which 

are shown in Figure	17.  

	

	
Figure	17:	Airflow	visualization	system.	

	 The main features include the wand (A), the hose (B), the fan (C), the 

reservoir (D), the cart (E), the backdraft damper (F), the smoke machine (G), and the 

damper (H). A summary of these components along with a description of their key 

features and function is provided in TABLE XVII. 
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TABLE	XVII:	SUMMARY	OF	VISUALIZATION	SYSTEM.	

Component	 Description	

Wand	

-	4	inch	handle	to	reach	a	10	foot	ceiling	

-	Nozzle	is	2	inch	tube	with	holes	for	even	smoke	

distribution	

-	Nozzle	is	easily	interchangeable	for	different	sizes.	

Hose	
-	Flexible	duct	hose	(4'	X	15	

-	Self-retracting	feature	

-	Wear	strips	to	prevent	damage	

Fan	

-On/Off	toggle	switch.																																																										

-	Smoke	can	accumulate	in	reservoir	

-	Variable	speed	

-	Can	vary	the	smoke	output	flow	rate.	

Reservoir	

-	Buffer	tank	for	smoke	to	accumulate	

-	Allows	wand	to	discharge	smoke	at	a	different	rate	

than	it	is	made	by	the	smoke	machine.		

Cart	 -	Assists	with	portability	of	the	system.		

Backdraft	

Damper	
-	Allows	air	to	enter	reservoir	at	low	pressure.	

-	Prevents	smoke	from	leaking	out	of	reservoir.	

Smoke	

Machine	

-	Vaporizes	glycol	and	water	to	produce	smoke,	

allowing	for	the	visualization	of	the	airflow.																																																																									

-Same	model	currently	used	by	Price	Ind.	

Damper	
-	4"	round	damper	

-	Adjustable	to	control	the	smoke	flow	rate	

-	Creates	seal	when	closed	to	prevent	smoke	leakage.	

 The designed system injects smoke into the air, upstream of the diffuser, to 

allow for the visualization of the airflow.  

5.7.2	Cost		
	

In	this	section	a	cost	summary	for	all	of	the	required	parts	is	provided,	
which	also	includes	the	supplier,	part	number	and	cost.	It	can	be	noted	that	the	
cost	for	the	damper	was	estimated	using	a	damper	from	a	different	supplier.	We	
plan	to	use	a	damper	from	Price	Industries	that	we	can	get	at	cost.	To	account	for	
the	exchange	rate	we	used	an	exchange	rate	of	$1	USD	to	$1.34	CAD.		The	total	
cost	for	our	design	is	$722.19	CAD,	which	does	not	include	taxes	or	shipping	
costs.	The	bill	of	materials	is	provided	in	TABLE	XVIIII.
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6.	Testing	Recommendation	

	
As	mentioned	in	the	Section	5.6.1,	three	nozzle	patterns	were	created	to	use	

for	testing.	Below	is	the	recommended	testing	methodology	that	our	team	has	
design	to	be	used	to	select	the	nozzle	pattern.		
	

1. Gather	four	individuals	who	are	experienced	working	with	the	current	
smoke	visualization	technique	at	Price	Industries	to	be	used	as	judges	for	
scoring	the	different	designs.		

2. Test	each	nozzle	design	at	the	same	output	speed	and	have	the	judges	
give	a	rating	out	of	five	to	each	design.	For	the	rating,	one	will	represent	
the	lowest	score	and	five	will	be	the	highest	score.		

3. Add	up	the	scores	to	determine	which	design	is	rated	the	best.		
4. The	top	rated	design	should	have	a	score	higher	than	at	least	twelve	to	

ensure	the	design	adequate	and	scores	60%	of	the	possible	points.	If	no	
design	scores	above	12,	then	adjustments	will	need	to	be	made	to	the	
nozzle	pattern	and	the	above	steps	repeated.		
	

Once	the	design	has	been	selected	that	satisfies	the	scoring	criteria	for	the	
smoke	visualization,	the	nozzle	can	then	be	attached	to	the	wand	for	future	use.		
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7.	Conclusion	

The	objective	of	this	project	was	to	design	an	airflow	visualization	system	
that	is	compatible	with	the	HEPA	filtered	vents	from	Price	Industries.	The	
system	was	to	distribute	the	smoke	into	the	airstream	without	interfering	with	
the	overall	airflow.	Our	team	applied	engineering	analysis	and	design	techniques	
to	this	project	and	was	successful	at	meeting	the	customer	needs	and	all	of	the	
objectives	of	the	project.	

The	final	concept	our	team	decided	to	proceed	with	is	a	wand	smoke	
injector	system.	The	design	consists	of	a	hand	held	wand,	which	is	attached	to	a	
reservoir	system	by	a	duct	hose.	The	reservoir	encases	a	smoke	machine	to	
allow	for	the	accumulation	of	smoke.	A	variable	speed	fan	and	a	damper	is	used	
to	control	the	speed	in	which	the	smoke	exits	the	reservoir.	The	reservoir	sits	on	
a	cart	to	increase	portability.	The	nozzle	of	the	wand	will	distribute	the	smoke	
evenly	into	the	airstream	that	will	be	exiting	the	vent.	The	wand	is	easily	
interchangeable	to	allow	for	the	design	to	be	adapted	to	other	vent	sizes	in	the	
future.		

The	final	cost	of	the	design	is	$772.19	CAD,	which	meets	the	required	cost	
of	less	than	$1000.	The	design	meets	all	of	the	customer	needs,	it	is	portable,	
easy	to	use,	compatible	with	multiple	diffusers,	safe,	and	provides	an	even	
distribution	across	the	air	stream.	As	well,	the	design	allows	for	the	visualization	
of	the	airflow	without	disturbing	the	natural	pattern	of	the	airflow.	Lastly,	the	
design	will	be	easy	to	maintain	because	the	design	utilizes	the	already	existing	
smoke	machine.		

Moving	forward,	the	team	has	recommended	the	client	follow	the	
recommended	testing	for	the	nozzle	pattern	selection	that	was	detailed	in	the	
report.	One	more	recommendation	for	the	client	is	to	create	a	stand	that	can	be	
attached	to	the	wand	handle	to	allow	for	remote	operation.		
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