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ABSTRACT

KEYWORD

Purpose: As people spend more time indoors, the importance of indoor pollutant management in their homes is ~ &H37|

increasing. The number of deaths from indoor pollutants has also increased, and interest in indoor pollutants has

TiO, ZHZ0j
dgusty|

increased due to the recent COVID-19 virus and fine dust problems. In particular, there is a growing concern about Zoig|a10|=
=1 —_

formaldehyde, one of the representative gas pollutants. To overcome the limitations of the mechanical ventilation

system, we would like to develop a system that effectively removes formaldehyde from gas-phase pollutants by ~ Indoor Air

combining a photocatalytic reactor with a heat transfer exchanger. To this end, we would like to review the
performance through experiments in residential studio spaces and contribute to the removal of indoor

Photocatalyst TiO,
Heat Exchanger
Formaldehyde (HCHO)

formaldehyde. Method: This study conducted an experiment to control the concentration of formaldehyde using a

heat exchanger combining a photocatalytic reactor to improve indoor air quality. The experiment comparedand A cCEPTANCE INFO
analyzed the internal circulation mode and photocatalytic mode at three ventilation rates: 0.5ACH, 1.0ACH, and ¢ ived Aug. 7, 2023

2.0ACH, and was conducted in an indoor residential studio space. Result: The photocatalytic mode showed  Final revision received Aug. 17, 2023
significantly better performance than the internal circulation mode in reducing the concentration of formaldehyde. ~ Accepted Aug. 22, 2023

As the number of ventilation increased, photocatalytic modes showed higher formaldehyde concentration reduction

rates from 40% to 98%. This has confirmed that the photocatalytic reactor is effective in removing gaseous

contaminants.
(© 2023. KIEAE all rights reserved.
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Width 2m
Length 2.9m

High 2.45m
Surface 5.8m’
Volume 14.2m’

Fig. 1. Experimental conditions
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Table 1. ISO 22197-4 & Test Condition

Table 3. Test conditions for each heat exchanger mode

Condition ISO 22197-4 | Test condition Sty Inflow of Internal UV-A
Test gas Formaldehyde gas outside air | damper open Lamp
Concentration 1.0ppm Photocatalytic mode X (6] 0
Light source UV-A Lamp Internal circulation mode X 0 X
Quantity of light 10W/m? (£ 0.5W/m?)
Temperature 25°C (£ 2.5°C) ( ' \
| Photocatalytic
Humidity 50% OA] i Internal
out Internal In
Test equipment Acrylic resin, Stainless steel door doper:l door
equip Stainless steel, Glass | EA L | i |
—
/ ON / OFF Control

(b) Photocatalytlc reactor

(a) Installation of heat exchanger

Fig. 2. Photocatalytic heat exchanger
Table 2. UV-A lamp condition

Power
Consumption

18W 0.36A 59V T 26

Lamp Current | Voltage | Bulb Shape
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Fig. 3. Heat exchanger

KISCO Airwell Plus III

Division Content
Measuring Gas HCHO
Measured flow rate 1.0L/min
Measured range 0~10ppm
Minimum measured concentration 0.01ppm
Fig. 4. Measurement equipment
Table 4. Experimental conditions
Experimental time 60min
Start Concentration 659ppm
Concentration after 90 minutes 644ppm
Decreased value 15ppm
Reduction rate 2%

@
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€0, Concentration (ppm)
2 R & 2 3§
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o 5 10 15 20 25 30 35 an a5 50 55 B0
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Fig. 5. Airtight performance test result
4, 4d 23

4.1. Test-Bed 71245 A¥

HZ] Test—Bed 9] o|4talgtA 5% A2 53 Test—Bed2] 719
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0.IACH7} Yehstth. gyt FAANAY 7945 &8+
0.15ACH=Z[22] Test-Bed?] 718452 LRt FAALET &
Ao = I

(©2023. Korea Institute of Ecological Architecture and Environment all rights reserved. 31



o

20§ #I|NAYS 0183 BUCFOIC 0 5= HZY 45 4

Table 5. 0.5ACH experiment results

Table 7. 1.0ACH experiment results

Category Reduction rate after 90 minutes Category Reduction rate after 90 minutes
Photocatalytic mode 40% Photocatalytic mode 75%
Internal circulation mode 11% Internal circulation mode 9%

Concentration reduction rate

0 10 20 30 40 s0 60 70 80 90
Time (min}

—— Photocatalytic(0.5 ACH)

Fig. 6. Reduced formaldehyde concentration of 0.5ACH

= = sInternal circulation (0.5 ACH)

Table 6. 0.5ACH reduction rate data trend equation

Coneentration reduction rate

0 10 20 30 a0 50 60 70 80 90
Time (min)

~—— Phetacatalytic(1.0 ACH) == +Intermal cireulation(1.0 ACH)

Fig. 7. Reduced formaldehyde concentration of 1.0ACH

Table 8. 1.0ACH reduction rate data trend equation

Elapsed time (min)

Category Trend line R
30% | 50% | 90%

Photocatalytic | y = 0.00001x" - . .
mode 0.00s8x + 1.0135 | 0997 | 60 | 1107 1300
Internal

= -0. +
circulation y = -0.0013x 0970 | 239* | 393* | 700*

1.0109
mode

*Predicted value by formula
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Elapsed time (min)

Category Trend line R
30% | 50% | 90%
Photocatalytic y = 0.00003x* - "
mode 0.0111x + 1.0415 0.998 33 53 109
Internal
= - +
cireuloion | Y = ;00013 0971 | 326% | 548% | 993*
1.0197
mode

*Predicted value by formula

Table 8. A& JEH nEHEgoR %Aﬂ w48 Ahg st
FAEA A wlolEH & HEg L .
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Table 9. 2.0ACH experiment results

Category Reduction rate after 90 minutes
Photocatalytic mode 98%
Internal circulation mode 11%

100%

80%

60%

40%

20%

0%

Concentration reduction rate

o 10 20 an 40 50 &0 T0 a0 90
Time (min)

= Photocatalytic(2.0 ACH)

Fig. 8. Reduced formaldehyde concentration of 2.0ACH

== «Internal circulation(2.0 ACH)

Table 10. 2.0ACH reduction rate data trend equation

Al
Table 11. Photocatalytic mode experiment results
Category Reduction rate after 90 minutes
0.5ACH 40%
1.0ACH 75%
2.0ACH 98%

100%

Concentration reduction rate

[ 10 20 30 40 so 60 70 a0 90
Time (min)

----- Photocatalytic(0.5 ACH) = = =Photocatalytic(1.0 ACH) =——Photocatalytic(2.0 ACH)

Fig. 9. Reduced formaldehyde concentration of photocatalytic mode

Elapsed time (min) Table 12. Photocatalytic mode rate data trend equation
Category Trend line R - -
30% | S50% | 90% . ) Elapsed time (min)
Category Trend line R
. ) 30% | 50% | 90%
Photocatalytic y = 0.00004x" - 0.999 2 40 20 ¥ = 0.00001x
. + 1. ’ L e J . * b
mode 0.0147x + 1.0348 0.5ACH 0.0058% + 1.0135 0.997 60 110 300
Internal y = 0.00003x* -
= -0. + X *
circulation | 7 100?223" 0.948 | 242% | 396* | 705* LOACH 1 Gottix + toats | @98 | 3 | 55 | 109
mode ’ y = 0.00004x* -
*Predicted value by formula 20ACH 0.0147x + 1.0348 0999 24 40 80
*Predicted value by formula
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