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Selection of Ventilation Rate and Filter for a Residential Housing in View of
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Indoor Particle Concentration

ABSTRACT: Ventilation rate and filter were selected to simultaneously satisfy indoor air

quality and minimize energy consumption in residential housing. The concentrations of indoor

particles were calculated using an adapted mass balance model for various ventilation airflow

rates. To satisfy the guidelines for indoor concentrations of particles, the minimum ventilation

rates of 1.0/h, 06/h and 04/h were required for MERV1],

MERV13 and MERV14,

respectively. And the fan power consumptions induced by ducts, a heat exchanger and a filter

were calculated for various ventilation airflow rates. The increase in the ventilation rate caused

a dramatic increase in the power consumption, but the filter performance did not have much

of an effect on the fan power for ventilation airflow rates lower than 0.4/h. The use of the

ventilation filter of MERV 14 was suggested at a ventilation rate of 0.4/h when the fan

power consumptions were considered in addition to the indoor concentrations of particles and
CO.. The use of the MERV14 filter at a ventilation rate of 0.6/h could be more effective than
the additional use of an indoor air cleaner when the residential housing unit was ventilated.
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housing(X 874 & &549])
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Table 1 Collection efficiencies

Collection efficiency (%)

Filter
At 0.1um At 1.0um
A(MERV07) 2 30
B(MERV11) 46 78
C(MERV13) 59 88
D(MERV14) 75 98

Table 2 Characteristic coefficients of collection

Characteristic coefficients of

Filter collection”
At 0.1pm At 1.0um
AMERVO07) 2 30
B(MERV11) 46 78
C(MERV13) 59 88
D(MERV14) 75 98

sunit: (m*/h)”° for 0.1um, (m*h) ! for 1.0um

dC;

in

dt

V = COAQ.OA(lfff)‘F Coa QP 1)

Ca'n [QOA+ Q[+ erQr+ ﬁ]—’_ S

3714 viE AAHMY), CE 24
(kgim?), Q& FF(mh), S&= 9P EHe

31 .

T8 A A OAE €, ine *E‘LH, f= dE, |
+ #7|(infiltration), C= ¥ 714471 <7 gh
7|y E E3 YA AAZES 187
ste] AZA7E AT g 4EF e Aol
HE o]gsda o5 &8 ASHRAE®
minimum efficiency reporting value(MERV)Z
Table 1l AA =] Uvt. A A5 ALt
Al g2k A7ieE 2u YAt v A 27191
017 1.0um7F 2# = At 0.1uymel JA= 4k
(diffusion)®], 1.0um¢] YA+= F=(impaction)©]

Fo AAAIFon? oEe BEe BE A
of s @Y 5 9
6f.,01;mr = 1—exp[— Jili'O.lum ¢ 5/%/3] (2)
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€f1.0pm — 1- eXP[* kl.(];un ¢ Q.OA] 3)

A7IA, k= 978 AlA 53 A (characteristic
coefficient of collection) A ¥ =4 & (solidity),
12 7 (fiber diameter), BE 77, A AHZ, A
AMd dA9] golth AASELATE 54 A

At el g AgozRy FHA F Qo
H

] Ao A AEE FHE Q] 5 A5 Table
29} #o] Fojxith

AUl dAEE At ol HYPa& P2 1,
Aate] HAErE= 013 1.0umel & 7+
1.0x10°, 2.0x10°22 Attt 2ela Az
WAL 1,000m’, HPES 025072 A

Z22 100, 140, 180m’/h
2 017 1.0umol 3]
R R

EHHL, AAR
96%, 100%<1 Z o= 7}t

2.3 =3 (fan power)

anpotet (Fanefficiency) X (Moterefficiency)

=] = _ — 3 = =
o golth. HEdAe FHEAe e A3 2
o A & Ut
_ 2
APJHH - Ks * QOA (5)

714 K& YE 5445 (duct  section
characteristic)©] 2L, ¥ Aol A = 0.00169] #F*<S
ARSI AEugy] 2 dEo A9 fEEA
S Akl flstel e A ZA7E AFg oo
HE 2(6)3 o] T i 23 taaS &

=3
Este] geiEae AN

(Airflowrate) X (Pressuredrops ) )

Table 3 Parameters in equation (6)

. a b
Device  Ipy/m¥/ml [Pa/m¥/h)]
exiztger 1.00x10°® 0.34230
Filter A 4.86x10" 0.15720
Filter B 759x10 0.17513
Filter C 879x10" 0.24186
Filter D 1.11x10™ 0.35415

_ 2 :
APhrm’r.?‘rhrmgrm‘orfa'ffm‘ =a- QOA +be QOA (6)

1714 a, b ZESHHEA wi/fHSFE Table
3ol AN =] Art. TG og AHsHES
Zo] 100, 140, 180m* ho = = w), Zzt

7)
AFo A =AHE 191, 547, 12.14W9] & AL
o o]-gatgirt."”
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Indoor particle concentration
(dimensionless)
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Fig. 2 The effect of a filter on the indoor particle concentration as a function of the ventilation

Indoor particle concentration
(dimensionless)

Fig. 3 Particle concentration when a filter was applied in the ventilation system and an indoor air
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Fig. 4 Fan powers as a function of the ventilation airflow rate
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