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ABSTRACT KEYWORD
Purpose: This study aims to design an efficiency-enhancing product by considering various factors and design =~ Z2|A &
. . . . . sonsae
variables to improve the heat exchange efficiency and antibacterial performance of the heat exchange element of E_E‘gﬁ'—l}&g
the ventilation system for apartment houses. Method: In this study, the structure of polystyrene sensible heat g%—:\—% 87|23
exchanger element is proposed as a single-layer curved flow path structure. In addition, the factors affecting the oz =ey

heat exchange performance design were investigated, and the main factors and the influence between several
factors were statistically analyzed using the 6-Sigma full factorial method. Result: It was found that the material ~ Polystyrene )

. . . Sensible Heat Exchange Efficiency
(factor A), shape (factor B), and the single length of the heat exchange air passage (factor C) play an important role Heat Exchanger
in achieving the target value required to design the heat exchanger. In particular, the effectiveness levels of factor B Heat Recovery Ventilator
and factor C were found to be significant at P < 0.05. It was also determined that the optimal design to achieve 90%  Apartment House
temperature exchange efficiency is a hexagonal shape of the sensible heat element and a single air passage length
of 20 cm. Considering the manufacturing error and process reliability, the final 10 products were manufactured, and
their average heating temperature exchange efficiency was 89.15. Experiments on antibacterial performance  Received Aug. 7,2023
showed that the Alt 2 specimen using silver nanopowder mixed materials had excellent antibacterial ability against ~ Final revision received Aug. 23, 2023

E. coli and Staphylococcus aureus with 99.9% each. Accepted Aug. 28, 2023
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Fig. 1. Schematic view of heat exchanger element

Table 1. Specification of the heat exchanger element

Content Specification Function
Existing | - Material : paper Enthalpy
type - Size : (240x240x235) mm exchange
- Material : polystylene .
Alt 1 . le heat
.| -1 Layer Size : (240x240x4.5) mm Se:;fl’l:n :a
Rl (52 Layer) g
- ial : +
Material : polystylene + Nano Sensible heat
Alt 2 attached powder exchange
type - 1 Layer Size : (320x160x4.5) mm Antibacteria
(52 Layer)
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Fig. 2. Cause and effect diagram for sensible heat exchanger
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Fig. 3. Schematic view of test unit
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Fig. 4. Schematic view of Alt2 test product
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Material Types(Polystyrene) Heat exchange length
A B C

;\3‘ s Type:rectangle 85.3%

~ Length:(25%25)cm Length: 30cm

]

5 s

2 81.8% 82.1%

O 800

2

=)

g 78.1%

g 775 Length: 20cm

[

o

g

O 7504

= Material : Paper
Type : Rectangle

Paper Polystyrene Rectangle Hexagon 20cm 25cm 30cm

Fig. 5. Test result of sensible effectiveness to change 2 factor in
heat recovery ventilator

(A) 2 factor cross experiment (B) Response optimization

AE

87
< ———
%‘ & Hexagon El
g & g’
g I
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5 Rectangle o

75 P
o
2 &
. ic g
o <
= B * 30cm 2
Z s :
[ S S —— B ]
Bl - g
2 25 cm =
4 o=}
o 78
<
S 20 cm
S s

-
v v 20 2 24 26 28 30 32

Paper Polystyrene Hexagon type length(cm)

Fig. 6. Response optimization plot obtained from the test result of
sensible efficiency

Table 2. Result of sensible effectiveness regression equation

Content Regression equation in uncoded units
- 38.8200
A 0.6810
B 3.2562
C 4.6250
C*C -0.1155
A*B -0.3880
A*C -0.0425

Process Capability Report for

LsL Target US|

Process Data
LSL 85
Target 89
UsL 93
Sample Mean ~ 89.15
Sample N 10
StDev(Overal)  0.680278
StDev(Within) ~ 0.71307

Overall
=== Within

Overall Capability
ZBench 565

Cpm 201
Potential (Within) Capability
ZBench 5.34
ZLsL 5.77
ZUsL 5.35
Cpk 178

855 870 885 900 915 930

Performance

Observed  Expected Ovem\l Expected thm
PPM < LSL 0.00 .00
PPM > USL 000 om o 04
PPM Total 000 001 0.05

The actual process spread is represented by 6 sigma.

Fig. 7. Test result of Alt 2 heat recovery ventilators
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Table 3. Final process capability analysis

Project Y il:leltc Target | Test 1 | Test2 | Test3 | Test4 | Test5 | Test 6 | Test7 | Test 8 | Test 9 | Test 10
Sensible
Sensible heat | heat | | o o5 | g 89 90 89 89.5 892 | 898 | 894 | 8.7 | 884 | 895
exchanger exchanger
rate
Average 89.15
Z-Value 5.65
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Table 4. Result of bacteriostatic test at JIS Z 2801

Staphylococcus aureus Escherichia coil
Test ATCC 6538P ATCC 8739
Alt 1 Alt 2 Alt 1 Alt 2
Concentration of
inoculum 5.4x10° 4.9x10°
(CFU/ml)
Vahdat.l(?n test 0.032 0.029
conditions
Uo 1.4x10* 1.2x10*
U, 7.0x10° 6.8x10°
A 5.9x10° <10 5.8x10° <10
Reduction (%) 15.4 99.9 14.3 99.9

Staphylococcus aureus
ATCC 6538P

Escherichia coil
ATCC 8739

Alt 1 type

154%

= 99.9%
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