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Overview

This device is an air purifier designed to filter all particulate sizes when equipped with the proper
filters. The goal of this design is to be very low cost while still providing high performance air
cleaning. The device is designed to optimize the Clean Air Delivery Rate (CADR) by maximizing
the product of the volumetric flow rate and the filtration efficiency. It is meant to be operated with
filters that have an appreciable filtration efficiency for small particle sizes (down to 0.3 microns)
while still allowing good airflow. Filtering particles down to this size ensures that virus-containing
particles (e.g. SARS-CoV-2), smoke, industrial pollutants, mold spores, and pollen can all be
removed from the air. An example of an appropriate filter rating is MERV 13. These design
principles were established by the Corsi-Rosenthal Box Do-It-Yourself (DIY) movement.

The dimensions of the device are meant to facilitate the use of it in a living, working, or
educational space. The use of 16” x 25” filters (a very commonly available size in North
America) in a vertical orientation creates an approximately 17” x 17” footprint. In order to
minimize noise, 2 features are implemented: a circular fan housing with a small clearance from
the fan blade tips, and a swept-forward fan blade design, both of which minimize blade tip
turbulence. The motor in this prototype is an AC motor pulled from a Lasko box fan (Model
3733).

The prototype described here was constructed to evaluate the performance an air purifier with
the same design parameters would exhibit, without the finishing or aesthetic features that it may
have. Nevertheless it is a fully working air purifier and can be constructed and used as such.

Description
The prototype consists of two primary components, a fan assembly and a rectangular
arrangement of filters.
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Fan Assembly
The fan assembly has a 17” x 17” x 0.75” wooden base (particle board) with a 14.5” diameter
circle cut from the center. The fan housing is made up of a 6” tall cylinder of 14.5” diameter
made by bending 3 18”-long sections of 0.025”-thick aluminum sheet metal and affixing it with
sheet-metal screws. This cylinder is affixed to the upper side of the wooden base with 4x 1” x 1”
L-brackets with sheet metal and wood screws.

2x 15.5” long 0.75” x 0.75” aluminum L-shaped bars (1/16” thick) are affixed to the underside of
the base using wood screws, parallel to each other from corner to corner with an inside width of
3⅝” and an outside width of 5⅛”. These bars form a mount for the motor, which is affixed with 4
screws, 2 on each bar. The motor is an AC motor pulled from a Lasko Model 3733 box fan.

The fan blade part was purchased from an eBay seller, with a product description of “Silent Fan
Blade Replacement Durable Compatible w/Standing Fans Table Fans” (eBay Item Number
364093743340). It is a plastic fan 14” in diameter and has 5 blades with a swept-forward
feature. Nominally there is a 0.25” clearance between the blade tips and the cylindrical fan
housing.

As the radius of the mounting hole on the fan assembly is smaller than the shaft diameter of the
motor, a cylindrical adapter was created. The motor shaft is ⅜” diameter and ⅞” long. The
through hole in the center of the fan blade part is 7/16” diameter and ⅝” deep. The adapter is a
cylinder made from a wood dowel due to material availability and tooling, but would be
preferably made from metal, e.g. aluminum. A centered hole on one side accepts the motor
shaft and is 7/16” in diameter and ⅝” deep. A set screw is inserted from the side ⅜” from the
end of the adapter. On the other side of the adapter is centered a threaded hole that accepts a
wood screw, but a machine screw would be preferable (e.g. ¼”-20) with matching thread. The
fan blade part is secured to the adapter by passing the wood screw through the fan blade part’s
center hole and threading it into the adapter until tight. A washer is used between the screw
head and the top of the fan blade part.

Filter Assembly
The filter assembly is a set of 4x 16”x25” 3M Filtrete 1900 filters (MERV 13 equivalent). These
filters are taped together to form a rectangular box with a 16”x16” footprint and a height of 25”
The wooden base of the fan assembly is placed on top and duct taped into place. The electrical
cord (with 3-way switch) is passed between the wooden base and the top of the filter assembly.
A 17” square piece of heavy cardboard is duct taped over the lower opening of the filter
assembly.



Measurements

Fan Rotation Rate
The rotation rate of the fan was measured using a hand-held AGPtek Laser Photo Tachometer.
A circular matte black piece of paper was taped to the central region of the fan blade and a
small piece of reflective tape was oriented radially on top of this paper, to provide a reflective
surface for the laser tachometer.

● Low - 1125
● Medium - 1295
● High - 1380

Electrical Power Consumption
A KETOTEK Power Meter was used to measure the electrical power consumption at all 3
speeds. The power supplied was from a North American electrical grid (120V/60Hz).

● Low - 57 W
● Medium - 66 W
● High - 75 W

Acoustic Noise
The sound pressure level was measured using a hand-held CURCONSA Sound Pressure Level
Meter at all 3 speeds. The measurement was taken with the microphone of the meter held at a
distance of 1 meter from the top corner of the prototype at a 45 degree angle (0.7 meters
horizontal, 0.7 meters vertical distance).

● Low - 55 dBa
● Medium - 59 dBa
● High - 61 dBa

Air Flow and Estimated CADR
The airflow was measured by using a hand-held anemometer (BTMETER BT-100) in multiple
locations on the face of one of the filters. The anemometer was held directly in front of the filter
to measure the inflowing air speed. This was done in 9 locations over a 3 x 3 grid. These
numbers were then averaged. This value was then multiplied by an “edge-effect” factor of 0.8 to
account for a lower airspeed near the edges of the filter face which would not be represented by
the anemometer measurements. Once this average air speed was determined, the volumetric
flow rate is calculated by multiplying by the total surface area of the 4 filters.



Once the volumetric flow rate is determined, the Clean Air Deliver Rate (CADR) is then
calculated by multiplying by the filtration efficiency. According to ASHRAE the effective filtration
efficiency of MERV-13 filters is 77% so we use this number.

Surface Area of Each Filter: 13.5” x 22.5” = 303.75 square inches = 2.11 square feet
Total Surface Area: 4 x 2.11 = 8.44 square feet
Average Flow Speeds:

● Low Speed (1): 121 ft/min
● Medium Speed (2): 132 ft/min
● High Speed (3): 147 ft/min

Volumetric Flow Rates:
● Low Speed (1): 121 ft/min * 8.44 square feet = 1021 cubic feet per min
● Medium Speed (2): 132 ft/min * 8.44 square feet = 1113 cubic feet per min
● High Speed (3): 147 ft/min * 8.44 square feet = 1240 cubic feet per min

Estimated CADR:
● Low Speed (1): 1021 cubic feet per min x 0.77 x 0.8 = 629 cubic feet per min
● Medium Speed (2): 1113 cubic feet per min x 0.77 x 0.8 = 685 cubic feet per min
● High Speed (3): = 1240 cubic feet per min x 0.77 x 0.8 = 764 cubic feet per min

Low Speed (ft/min)

Medium Speed (ft/min)

177 177 157

108 118 118

78 78 78

186 206 177

118 128 128

78 88 78



High Speed (ft/min)

Safety

Please note that this prototype was not constructed with fan grilles so is not safe for use in a
living space. It could be made safe by affixing a metal mesh (e.g. ¼” hardware cloth) over the
cylindrical aluminum fan housing. This metal mesh could be cut to be a larger diameter than the
14.5” diameter housing (e.g. 16” diameter), and then attached by bending the edges down over
the sides of the housing and using multiple sheet metal screws to secure it.

186 216 216

137 167 137

88 88 88
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