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The oil crisis of the 1970s and the rise in oil prices motivated people to implement energy conservation
strategies. Buildings were fitted with additional insulation and reduced ventilation rates. The reduction of
mechanical and natural ventilation rate led to increases in indoor pollutant concentrations which result-
ed in increased health risks from indoor exposure to pollutants. The variable-air-volume/bypass filtration
system(VAV/BPFS) is a variation of the conventional VAV systems, The VAV/BPFS is an electronically
controlled system that provides cost-effective thermal comfort and acceptable indoor air quality. Under
controlled conditions in a chamber, a series experiments were performed to compare the ability of a VAV/
BPFS to remove indoor aerosol concentration and to reduce energy consumption with that ability of con-
ventional VAV system. Results show that the VAV/BPFS increases the effective ventilation rate and re-
moves indoor air pollutant, and maintains acceptable indoor air quality without sacrificing energy con-

sumption.
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OA. Outdoor Air; EA: Exhaust Air; SA:Supply Air; RA® Return Air; RCA: Recirculated Air, BRA: Bypass Recirculated Air
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Fig. 1. Variable-Air-Volume/Bypass Filtration System.
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Fig. 2. Variation of Average Indoor Aerosol Con-
centration for Both Systems with Each En-
ergy Load.
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Fig. 3. Variation of Average Indoor Aerosol Con-

centration for Both Systems with Stepwise

Increased Energy Load.
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Table 1. Total Decay Rate and Clean Air Delivery Rate of Both Systems

Experiment System | Filter |Energy(W)| Linear Regression r K. (hr!) ((rjn%/[})uls)
- 400 In Conc = -2.45t 0.98 2.45 68.46

VAV - 800 In Conc = -2.90t 0.98 2.90 83.13

- 1200 In Conc = -3.38t 0.99 3.38 98.78

- 1900 In Conc = -3.77t 0.99 3.77 111.49

One engrey THEPF'| 400 In Conc = -5.53t | 0.98] 553 168.54
VAV/BPFS HEPF 800 In Conc = -6.80t 0.99 6.80 210.37

HEPF 1200 In Conc = -8.03t 0.99 8.03 250.37

HEPF 1900 In Conc = -9.70t 0.98 9.70 304.48

Experiment | System Filter | Period Linear Regression r K¢ (hr'!) (?nI}/Dhlj)
- Period 2 In Conc = -3.03t 0.99 3.03 86.39

VAV - | Period 3 | In Conc = -3.75t | 0.99 3.75 109.86

Stepwise HEPF | Period 2 In Conc = -5.85t 0.98 5.85 178.32
increased HEPF | Period 3 In Conc = -8.39t 0.99 8.39 261.13
energy load |VAV/BPES T e 5 In Cone = -4.49t | 098] 4.49 133.99
l LEPF | Period 3 In Conc = -6.29t 0.99 6.29 192.67

HEPF"- High-Efficiency Particulate Filter
LEPF?: Low-Efficiency Particulate Filter

Table 2. Mechanical Ventilation Rate (K_) of Both Syatems

Experiment Energy (W) VAV System (hr ) VAV/BPFS (hr'D)

400 2.08 + 0.03 1.23 £ 0.02
One energy 800 2.50 + 0.05 1.63 £ 0.05
load i 1200 2.93 + 0.08 2.07 £ 0.05

1900 3.35 £ 0.05 2.52 * 0.06
Experiment | Period VAV System (hr') |VAV/BPFS with HEPF'|VAV/BPFS with LEPF!
Stepwise Period 2 2.64 + 0.09 1.73 * 0.04 1.78 £ 0.05
increased ~
energy load | Period 3 3.33 £ 0.12 2.47 £ 0.05 2.54 + 0.05

HEPEII High-Efficiency Particulate Filter
LEPF?: Low-Efficiency Particulate Filter
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A Table 22} 2k 714 718 F A2W LFeAA
Ul gelviz) e} wjalste Frlstcl. 7)A )&%
| Al VAV/BPFS2] 2 7] 2 VAVA 28l vl 7]
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Table 3. Average Percent Removal Effect on Indoor Aerosol Concentration

. VAV System (%) VAV/BPFS (%)
E t
xperiment|Energy(W) K. K. K. K. K
400 859 * 1.2 14.1 £ 0.5 222+ 11] 91 *05 68.7 £ 1.1
One energy 800 86.2 + 1.3 13.8 + 0.4 239 10| 7.3 £ 0.6 68.8 = 1.3
load 1200 86.7 = 1.1 13.3 + 0.6 26.0 £ 1.0 | 6.3 £ 0.6 67.7 £ 1.1
1900 88.8 £ 1.2 11.2 + 0.5 265+ 11| 53+ 0.5 68.2 £ 1.0
Experiment| Period VAV System(%) |VAV/BPFS with HEPF' (%) [VAV/BPFS with LEPF>(%)
P Kum Ka Ko Kx K: Km Ka K:
_Stepwised Period 285.2%1.2[14.8+0.6[29.1+1.1/6.5+0.4 |64.4%1.2 {39.6+1.0/8.5%0.4 |51.9+1.1
increase
energy load| Period 3(88.1%£1.1({11.9%0.5|29.6+1.0{4.5+0.5 [65.9%t1.1 [40.4*0.9/6.1+£0.3 {53.5+1.2
HEPF1 High-Efficiency Particulate Filter

LEPF?: Low-Efficiency Particulate Filter
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Fig. 4. The Comparison of Total Energy Con-
sumption.
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