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Manufacturing and evaluation of plate-type sensible heat exchanger

for ventilation using 3D printer

= B
No, SangTae

Abstract

Recently indoor air pollution of building is becoming more serious.

Unlike new apartments, existing apartments often do not have enough

ventilation. To vent the polluted air out of the room, occupants have no choice but to open a window and ventilate it. The cost of installing

heat-exchange ventilation system in existing apartments will increase. In this study, plate heat recovery devices were modeled and

manufactured directly with a 3D printer to review their performance. Plates are manufactured using PLA and ABS. The plate is

100x100x60mm in width, length and height. The hole sizes were 3mm, 4mm and 5Smm respectively, with a difference of Ilmm in size. The

experiments were conducted emulatihng the duct method of KS B 6879. Performance shows heat exchange efficiency of at least 35.29% to

at most 54.06%. Smaller holes indicate better efficiency. This is not a bad efficiency compared to paper heat exchanger. These results show

that plates made using 3D printers can also be used.
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Principle
PrOﬁle . . .
Counter Vertical Horizontal Cellular
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Efficiency 50 - 70 % 70 - 80 % 85-99 %

Figure 1. Efficiency depending on the contact surface

EHI e LZES
Q1 Autodesk Fusion 360& o] &3t md @S HASAT

o] #=2¥ 3mm, 4mm,
8mme} & Apolef
A= 0.5mm= 33

2.93.00 0.80 2.404.00 0.80 4.005.00 0.80

Figure 2. Show modeling dimensions

Figure 3. Heat Exchange Plate Modeling
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Figure 4. Success and failure stories
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Figure 5. 3D printer used

Table 1. 3D Printer Overview

B3 Guider II
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nYE Uy %:gl_l_sgezd ﬁé:%a}%eg g]a%rlcatlon(FFF)
£357] 280%250x300mm
#ojo] sig= | 0.05 - 0.4 mm
o2 E AsHAY + 0.2 mm
AR =g XY axis 0.011mm, Z axis 0.0025mm
Ut E X173 1.75 mm (+ 0.07)
=z A7 0.4 mm
A &5 10 ~ 200mm/s
AT EY0] FlashPrint, Support Simplify3D

Input
A LA 3MF/STL/OBJ/FPP/BMP/PNG/JPG/JPEG

Output : GX/G
29 AA Win XP/Vista/7/8/10, Mac OS, Linux
7171 &4 490x550x560mm
3 59 30kg
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Table 2. Measuring Instrument Overview

HA] testo 435-4
=7 Ho -200~+1370C
) £0.3C(-60~+60C)
A KEY e £0.2C+0.5 Z73L %)
EEREE)
wills 0.1C
=7 HY -200~+400°C
) +0.3°C (-60~+60°C)
A TERY qEE +0.27C+0.5 Z4Y %)
(G E =R
wills 0.1C
=73 49 0~60m/s
ol =47 - 0.01m/s(e60mm vane +
2olls ¢100mm vane)
0.1m/s(¢16mm vane)
37] 220*74*46mm
s 2k 20~+50C
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Figure 6. measuring instrument
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Figure 8. Test item with thermocouple installed

PLA Aol & o] 3mm, 4mm, 5mm, ABS A& o] F
#o°] 3mm, 5mm F oA 71A 9 dugt FH O EE AL
3l §88 ZAHIIAY 108 59 5x A2 1203
9 2EZAHE AL, TES TY Zo|HE 33 AT}

41 dnd 45 243 2+

2 dAFolAE DIY Eud 3] FX& FHoEY 4
59 Hrlsly] $15te] 3D ZUEE o] f3ld ZYoES
Az, dug 585 SAsIAT Figure 7~112 PLA®
ABSE AMg35te] A2et Z7|d dud S olE 4§ Al
271(0A), F71(SA), B71RA), H71(EA)2 €= FAY

2 AT AHAE Ul 2 zolth 1083 225 5
Aot on dug & FA J|Ede ¥ A 971
7} 35+0.3CE Aok sty 237 2dE 1Y &%
deoz A 14T e F7F 25 Aol TASY. =

B AZ & 3EFEH 1087HA 9] geol AdHE Hole
Aoz WA 1 ghEe) WEOR FEL ANHAC
o #7], 97], §719 =% Table 37 2& S JE
Wt
Table 3. Measurement result of dry bulb temperature by
material/valley height

A42E [C]
T 7] 2)7] =71 | Hi7l =T

®A | ©0A) | GA) | EA | (Cumy
PLA 5mm | 2399 | 3583 | 31.66 | 26.84 | 0.28~0.35
PLA 4mm | 2499 | 3553 | 3128 | 27.32 | 0.23~03
PLA 3mm | 2586 | 3556 | 30.83 | 28.64 | 0.2~0.28
ABS 5Smm | 2398 | 3670 | 319 | 26.67 | 0.28~0.35
ABS 3mm | 2555 | 3576 | 30.76 | 2837 | 0.2~0.28
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Table 4. Calculation of contact area of
heat exchange element

° = =0°| [mm]

T 5 4 3
2oy % (4] 4 5 6
MEWA [ 0.04 0.05 0.06

=18 [%] 0 25 50
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Figure 13. ABS 3mm

Table 5. Characteristics of heat exchange element and
heat exchange efficiency

Getae Al

Ex

PLA ABS

AN TS
=2 = |~
Wk 0.25 0.19~0.36
3l

2 =0l 5 4 3 5 3

[mm]

23} £4
O[m/s] 1.1~14 | 0.9~1.2 | 0.8~1.1 | 1.1~1.4 | 0.8~1.1

88 [%) 35.29 40.44 48.91 37.66 54.06

PLA A9 dug ZTHOE F &= Fo| Smme
35.29%, 4mm= 40.44%, 3mm+¥ 48.91%9) &% a8
S UelWom ABS AA2 I ZHOE T F =9I
SmmE 37.66%, 3mmE 54.06%9 &= w3 & e}
W PLAETH ABS AAY dd=&o] O Hof 22
Eol8tE ABSY &8¢ ¢ A Yehd AS & F 3
3
T}

o & Eolo W& HEWHAY AL 1ES E g
7)1 AA AT =D HrHPark, 2009)0 whel whebH A I 2}
ol & HI FFoE ALSIHUI Table 49 £ 2F
= Bol7l RoldFE 2 &S EYth Immyl Yot
A=d oF 5%olA A= 13% A= && zol7F U=
tl, ol & ®old W& HEUAH we} @8l Zow
Btk dwd ZgolEe =7] 100X 100X 60mme] 7%
T Eol7} SmmelA 3mm=z ol A HH HE=HAS

50%7F S7tett. 22 & Eo] 3mme End AAE H|
2PS uw PLA ZHHAEE ALES dwd AART ABS
AW EE AHESte BHE dud 2747 dud 889
515% © 3 AR JEgth Fo] Ade dud
2AE F ol 26mm ) 69.1%% Fo] APuh= v
< & &o|t}. (Table 5)

5.3 2
B AToME 712 gEFde] AuEs] A AM o
o] Qo AZAAY dud WA EHeol=
Adeta, das 4% B4E 5

U

AA A AR
Zo] FQ3tth
B A= 3D ZHUHE dws
Azt 7] FHolES =9 AV E
3 veds EAS 9oty dE
AE

x &
of —
o
il l—m
o of niu

o oA Aok EHolE A
Az o f A ARE e

o e
),i
i
fu o
gt
cﬁ e



S
O
Y
Hi
1
HD
7]

2021 10 Vol .4 No.1

)
m
lo
fof
fio
il

S EZole *4741 )
A 9 F&EH 589 A4
%‘JJ_L Z4 ]~4 £
o] 5mm, 4mm. 3mm ¥
o7} WolALE gl A
F AT ols FUY HEWUZH
2 gddn. = §OI7} 3mm¢! ABS €
w3 ZHEolE YW A dd E&L 54.06%2 ERS
. PLAET ABS7} €dEg&°] E£7] "o PLAE A}
235 ZHoERT ABSE AMg3 dnd FHEV &
$o] 515% O =t

Aol

0k
et

_\O{,_‘loﬁ_lﬁko

Mo
ki
rc)
e
Apw
FE

2

to mo 2 & pR
L=~ Do
21_4‘
K3
o
o
fm
i)
fru

fo
R

ax
POURN 5]
I‘UIO N
_ﬂ
M
o
Hir

Al

o
I

o|N
N
é
EL
e
sl
o

B AT AE gu Ao Qs W B 33
$A 2o £F £ w AERe YA 44
s ®sn At) 14C/HEFY % ol Uitk FF
ATAE AW FAL RIS ANE Bl W,
W Ao 588 BT 245 3D ZAHE A4 5
e HH ZTrole 728 A4 el A oL
AR FEEE 7] FRol HAse] 7 B wg
o 249 Bart 9e Al
REFERENCES

1. American Public Health Association, United States
Agency, (2004).
Characterization of Indoor and Outdoor Air Pollution

Environmental Protection
Exposures and Sources

2. World Health Organization, (2014). Indoor Air Quality
Guidelines: Domestic Fuel Combustion

3. Article 7, of the Enforcement Regulations of the National
Legal Information Center. (2018). Indoor Air Quality
Management Act

4. Article 11, of the National Legal Information Center.
(2020). the Rules on Facility Standards for Buildings.

5. Integrated Information Center for Apartment Houses in Se
oul. (2018). Seoul, "Are you using the "fine dust ventilati
on system" properly?"

6. Park, S. (2009). Development and evaluation of a high-ef
ficiency heat recovery ventilation system, Dankook Univer
sity Graduate School of Education.

7. Park, M., Kim, G. & Lee, J. (2008). Performance
evaluation according to the shape design of the element
core for the heat exchange ventilation unit - Korean
Society of Architecture and Environmental Facilities No.
4, 153-156,

8. Jeon, B., Kim, J., Kim, J., Lee, S., Lee, Y. & Ahn, Y.
(2013). A study on the occurrence of condensation
according to the operating state of the electric heat
exchange ventilation system. - Facilities Engineering
Association's Facilities Engineering Paper, 529-533

9. Kim, N. (2016). An Experimental Study on the
Long-Term Performance Change of Plate Paper Total

Heat Exchange Device - Facilities Engineering
Association's Facilities Engineering Paper, 165-170.

10. Oh. J., Yu, L, Shin, M., Seung, ah., Koh, Y. & Kim,
K. (2018). Comparison of the performance of heat
exchangers made with machining and 3D printers, -
Journal of the Korean Society of Promotion Engineering,
574-579.

11. Commons.Wikimedia.org. (2008). File:Heat Exchanger.jpg

12. National Institute of Technology and Standards, KS B
6879. (2017). Heat Recovery Ventilation System

13. Kang, 1., Shin, C., Jung, J., Park, J., Lee, H. & Park,
T. (2015). Simulation study of the efficiency of the
HVAC system for electric heat exchanger.



