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A Study between Methods for
Testing Air Cleaners

w7 1% 3 RE (Q x ) BRI G AR CADRAHEA £ 8 3%

(Relationship between filtration performance and CADR measurements)



Introduction

» Clean Air Delivery Rate (CADR) is a certified way to
evaluate the performance of indoor air cleaners.

»The standard test procedure
for CADR evaluation requires
large space and well-regulated
conditions.

» Replacing standard CADR test
with a more efficient “flow rate
(Q) & efficiency (1)” method is
a potential alternative.

@ (ANSI-AHAM AC-1 2020)




Two types of CADR

’Chamber’ Clean Air Delivery Rate, CADR,
CADR, = (K,- K,)) - V

K, = Measured Decay Rate = Nrilter * QAC "€
K, = Nature Decay Rate (Noh and Oh, 2015)
V: Volume of the test chamber

‘Equivalent’ Clean Air Delivery Rate, CADR_

CADRg = Nritter * Qac

Nricer = Filtration efficiency
Q 4c = Air cleaner flow rate
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Figure 14. Natural decay rate, measured decay rate and CADR curves of
filter type air cleaner.
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Methods

Actual CADR from a chamber test
CADR, = (K,- K,) -V

K, = Measured Decay Rate
K, = Nature Decay Rate
V: Volume of the test chamber

Theoretical CADR
CADRt =1-Q

n= Filtration efficiency
Q= Aiir cleaner flow rate



Methods

Mode

 Weak (W)

e Strong (S)

* The simultaneous operation of two

air cleaners in the strong mode (SS)

The air cleaner
(AX20K3020NWD, Samsung) .



Methods

TABLE 2 Physical properties of the three tested filters

Filter/ Filter
media

Filter

Filter media

Parameters

Length, [mm]
Width, [mm]
Height, [mm]

Pleat length, [mm]
Number of pleats
Material

Fiber diameter, [pm]

Geometric standard
deviation, [-]

Filter thickness, [mm]
Solidity, [-]

Filtration area, [m?]

Abbreviation: PP, polypropylene fibers.

Filter

El1 E12 H13
318 318 318
278 278 278
28 28 28
28 28 28
76 70 76
PP PP PP
2.51 2.22 2.67
1.39 1.75 1.53
0.50 0.37 0.99
0.047 0.056 0.036
1.10 1.05 1.16
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Methods

Thermal-anemometer

Air Cleaner .:

FIGURE 2 Experimental apparatus used for the actual air flow rate test
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Collection efficiency, n [—]

Results
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FIGURE 6 Collection efficiency

outcomes of the test filter media as a
function of the filtration Velocity
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FIGURE 7 Pressure drops of the test
filter media as a function of the filtration

velocity
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Actual CADR, CADR,, [m3/min]

/,,// TABLE 4 Comparison of theoretically calculated and
EE1L1 DMA 0.3 Mm 9 experimentally determined Clean Air Delivery Rate (CADR) values
OE12 CADR; CADR,
Operating (mean + SD) (mean + SD)
AH13 Filter Mode [m*/min] [m®/min]
i E11 W 1.68 +0.36 143+0.01
E12 W 1.77 £ 0.30 1.44 +0.04
Q H13 W 1.42 +0.30 1.27 +0.02
A E11 S 2.66+0.42 2.5340.02
E12 s 2.69 +0.45 2.63 +0.07
‘/b H13 S 221+£044 2.33+0.04
- E11 SS 532+084 501+001
4 E12 SS 5.38 +0.90 515+ 0.05
L . H13 SS 442 +0.87 437 +0.03

Thoretical CADR, CADR; [m3/min]

FIGURE 9 Comparison of theoretically
calculated and experimentally determined
CADR values



CADR, LPM
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CADR, = 0.7222 x CADR,

& Total particle size
& The most penetrating particle size
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CADRg, LPM

B+ ~ CADR.2 CADRyp B 12

14



dN/diogd,, #/em’®

dN/dlogd,, #/cm®

1.2e+5
GSD=15
CMD= 250nm t= 0 min
1.0e+5 /
8.0e+4 t=5 min
6.0e+4 t= 10 min
toend - GSD=1.5 t= 15 min
CADR.=2.1
20e+4 -
00 T
10 100 1000
Particle diameter, nm
50000
GSD=25
CMD= 250nm _
40000 - , Fomn
t= 5 mir|
30000 -
t=10 njin
GSD=2.5
20000 - .
—_ t= min
CADR.=2.9
10000 -
0 T
10 100 1000

Particle diameter, nm

B - ~ 7% FGSD™ $CADRR

dN/dlogd,, #/cm’

dN/dlogd,, #/cm®

70000
GSD=2
60000 4 CMD= 250nm
50000 -
40000 - / Eomin
= t=5 min
oy | GSD=2.0 i
= min
CADR.= 2.6
20000 A t=15{min
10000
0 T
10 100 1000
Particle diameter, nm
40000
GSD=3
CMD= 250nm /— t=0 mip
30000 +
t=5 mip
t= 10 rin
20001 GSD= 3.0
t= 18 min
CADR_= 3.2
10000 -
0 T
10 100 1000
Particle diameter, nm
15

NN

2
+



TR PR RE S R Bp] ke B

(Performance Evaluation of Outdoor Air Cleaners)
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Introduction

»Outside Air Cleaner (OAC), an air purifying unit, can
directly purify outdoor air before transporting into building
environment.

»Conventional CADR evaluation requires a large space
and well-regulated conditions, while “flow rate (Q) &
efficiency (n)” method mostly relies on filter penetration
test and flow rate measurement.

» A faclility for the rapid evaluation of OAC performance
were built in this study.
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Experimental setup

Homemade
(B0LPW)
[ Drying/Neutralizing ] [ SMPS ] [SMPS-I_Q]
Unit
\ J
Y,

J Outside Air

Cleaner

)

Mixing
—_— Unit

Filter air

@ Figure. Experimental system setup of penetration test.
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Table. Summary of selected OAC.

Brand B A-1 A-2 A-3

Eilter 35x21cm 20.5x25cm 20.5x25cm 20.5x25cm
| size =735 cm? =512.5 cm” =512.5 cm” =512.5 cm’
Filter

Pleat 75 53 57 57
count

Fan type axial fan centrifugal fan

Voltage 220V 110V 110V 220V
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Results and discussion
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Pitot tube test

g8, mm H,O

B3R, m/s
A=, LPM
OAC B A-1 A-2 A -3
(220V) (110V) (110V) (220V)
Mode
BT E & EFIE
1.27 mm H,O 0.20 0.25 ?&%ﬁfﬁ@ﬁ%ﬁ%@ :
4863 LpMm 1945 2175 1277 tom
1.0 0.89 0.38
Median 4.10 3.84 2.51
4349 4069 2663
1.905 1.27 2.29 1.651
High 5.62 4.59 6.15 5.23
5956 4863 6524 5544
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Brand B(220V) A-1(110V) A-2(110V) A-3(220V)
Mode Low High Low Median High Low Median High Low Median High
Superficial

velocity, 4.8 5.5 1.8 4.1 4.4 1.9 3.8 6.2 1.2 2.4 5.0
m/s

Flow rate,

LPM 5122 5798 | 1923 4385 4712 | 2062 4071 6579 | 1277 2548 5315
Eﬂf”.ter 0.86 085 085 0.83 0.8 097 095 094 095 095 0.93
iciency
CADR,LPM 4405 4928 | 1635 3640 3770 | 2000 3867 6184 | 1213 2421 4943
ey 206 284 271 71 115 | 23 457 1266 124 235 757
Standby

power, W 0 1.3 1.3 2.12

Energy

consumption, 20,6 28.4 |« 258 69.7 113.7 | 21.7 444 1253 103 214 73.6
W

@/W 214 174 63 52 33 92 87 49 118 113 67
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Performance Measurement

Methods of Air Cleaner
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& 17 F ZE R L5 % (Clean Air Delivery Rate, CADR)

CADR = Nfijter - Qac
CADR = Clean Air Delivery Rate, L/ min
Nriucer = Filter efficiency, %
Q¢ = Outdoor Air Cleaner flow rate, L/min

& 55 = B #E(Energy consumption, W)
Operating power(watt) — Standby power(watt) = Energy comsumption(watt)

& Fh B XL BE (Performance of Air Cleaner, P)

CADR
w

P = Performance of Air Cleaner, L/min/watt
CADR = Clean Air Delivery Rate, L/ min

W = Energy comsumption, watt



Flow rate measurement

- =4

—_

s | NARTLERET (Tsi 8386)
- SRIERGF  EAB N EREANSEXSERZAE  ITRELIEREREATEEH
- AELEE .

mEEEEEURLEFTH=5F0 RE—FEBELR LAIE6ER - HRISHERE
B9 - JERIFEEEV)

i}

® E-‘- J'-lh
Qras =V X mr? x 1000 x 60
Qoac = Outdoor Air Cleaner flow rate, L/min

V = Average wind velocity, m/s

nr? = Pipe section area, m?

c




Efficiency measurement

- ENER  EREEDME (Scanning Mobility Particle Sizer, SMPS)

- SRlEM : RERZFE L NEREENR

- HELE .
1. BRGNS 24t K Filter Air(flRI E4 R4 EE 4910% -10°#/cm3 - CMD#J60-70nm)
2. BEKFBAEZMSRAORFEIN(E - PHSEE) UREAR LFRSZSREEHHES

AIEZE(V<0.1 m/s)

3. EASMPSERI=H K MiEiLEE (L MESBMALREZEERS5%NA)

Penetration = Now X 100%
Nritter =1 — Pennaletration
Penetration = Particle penetration, %
N.. = Upstream particle concentration, #/cm?3

N, = Downstream particle concentration, #/cm?3

nﬁlter = Filter efficiency, %
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