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System Using Danpla Sheet
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Abstract Previous plastic heat exchangers are expensive because the mold must be newly manufactured
depending on the air conditioning space. On the other hand, danpla is so thin that the heat exchange
performance is excellent. Moreover, danpla can be used easily in ventilation systems in view of
fabrication. This study proposes correlations for the cooling performance of an indirect evaporative
cooling system. The experimental apparatus consisted of a heat exchanger, spray nozzle, fan, thermostat,
pump, and measuring sensors for temperature, humidity, and airflow rate. The results showed that the
effectiveness decreased gradually as the airflow rate increased. In addition, there was an optimal
condition in terms of effectiveness. The performance prediction correlations were determined using the
experimental data from various conditions. The proposed correlations showed performance accuracies

within 4 % error.

Keywords : Danpla Sheet, Exhaust Heat Recovery, Indirect Evaporative Cooling, Performance Prediction,
Plastic Heat Exchanger

& =R ST LINC+ AFIHe] A4S ol S3E gl
*Corresponding Author : Byoung-Jae Kim(Chungnam National Univ.)
email: bjkim@cnu.ac.kr

Received September 4, 2020 Revised October 12, 2020
Accepted November 6, 2020 Published November 30, 2020

892



=2

—

1. M

A AR 7]5(WEO: World Energy Outlook)ll
w2 QI F7F TS 7R3 9 FAGRE Qs
AA A =8+= 179 ~ 40d B2t 25 % °o)F 37t
o ACE Aot QirHl]. FEXFTHAA= oHA
AHE E0)7] Y8l =NASE 7| EAYS sttt 5
Folo] AENHA] AHEFE EoliAt st Q). &
it ‘169 11¥€ Uad f@gos 30u7kA] 2
AZFA HilE BAU tfH] 37 % H5E E3E ot ok
1€ 24517] eiie AR ARt ofdegt 5=
&, 14E XY g viEsF AT FHbsfjof gith2l.
A=) P2 Aol AEE 371 45 571 &
712 sl =& o] AnEw Y] Ao R 3
38 EA7E =L Ut §H, S04 ¥e719] A
TAPZIAE FUER ARESto] HE AH7L H oy B
Au|7} o} vl-go] go] E11 o] JFo R Hof
ks @] Qirt. 1=y HEoll= olF, AE88 A
2& 4835t COP 1.6 o139 1a-& 54 Y¥s7l
£ /st Ith3 41

459 oufA] £AS HAadfol= WA B AES] B
o] gtfje] wet G} 7do] B3tEe] AW F71E
(IAQ: Indoor Air Quality)2 Fd =1L Y= FA
ojtt. wEbA B AECl= ¥717F 4o, &)
Al Sk Hi719S A8 08 Igdle 7] Y
o] gasirt.

AEE9] A7|AHNA vi71ES 357 ol oheF

& QuE7|7H AREIL Tt &

[e]

N,

o

7eta tgAde] Holuk AgollA Hdo] Jwet
83 gtk HZolls FAZE ghow EAFo]
e &I FARE HE ol8sto] EeaE

AR Ao [5], GRS
MAAZ17] Slel EHo] SepAEE

sshag
W9 o] o 477} S

e

Bl

B
fo

)

rO

I, O
=
)
=
=

it

o
R

=

o
ot
o
N
E)

<t

o

Spel, Bt
o] itk

-

3

o

el Al go] Apgetehs ©

893

thst 2719] g7|A1 o] Bi71E S5 ud]E A
&317] floliA= 4Tt ozt gk AJFke] ol
Jo] ufje- F835it}. whEhA £ dAqtollAe A, T
A, A o2 gol 20 AlFofA FA 7t 7S
st ot 2712 AFslrlo] &ol3t dIZAE
(Danpla sheet)g 7Hg4] SEYZ7A)0 &5t 4

g BHSAT. £, 129 2uBI9) 45 R R
F 3y Aolg Tefelol, Bue AEE Mg Ui

719 F5 AEATE ALt

Kl
fon

T

e

bl A7 R

e
)
ay
)

o o =

it

2

A
<t

e )= 255 x 255 wr
o] EetAE WY dwgh|o]
] QuE= 0.16 W/ (m’K)
FAEEE 7HH @49 45 Aspt &
A7 03 ~ 0.5 mm FEE WS 9]
TAG9] Zpolof XY 6 Aske
o]t}H8].
7% Fig. 13+ Z°] 3 mm 379 ZAY &
oz 717t 58 ¢ UnFE AFEgleH, F
Aw3S o] 98l 44 300 mm =O|=
Foch o] HA| HES gaote] 2 B¢ dd
7t dojuks EtaE AV F iR Eolu HE E
Ago] AXNERZ what 1 Atolof Rl 71 SepAE gty

N
N
in

o

2
S~
=~
N
oflh

o 4

=
|

Ha

m
[e]

3
)

5
NIV b
rlo
it

=Lt

1

¢

£ & 10 O g

M
=

b

5 m
9%k

d

Ta

—_

i)
ki
riot

(¢)
s
o

-
Q o

by
& S

(

[e)

£ sl 3t
2.2 7RIA BUYZIR| A

Y% HEARRAE Fig. 29 2. Fae)o]
AL B A Y% JHE BANA B9 HE
St EHAS WA Stol Fio] T o] FolAES AR
Sheirk. Hao] ClHES o} He] A7|E B BEE
e UG FUHA %1 PA sEos o
2o ulo uhAsh o] 439 HU WIS
o AeSET BREE Be HLS Fo SushuA
2571 A9 AFAABE FIL 5ol A9 FL
v]7]4] gReThy Weksto] uE SRS S5t it
B BTRFE A28 olgslel U AT B UL B

o e WS,



23]
=9

2Atel7| &8k =21 A21d A11E, 2020

j
1

Fig. 1. Photograph of heat exchanger(HEX)

(b)

©O: Measurement points for Temperature and Humidity

@©: Water tank
@: Heat exchanger

@: Pump
®: Nozzle

®: Water spray

Fig. 2. Experimental apparatus for indirect evaporative
cooling system: (a) Schemati;c (b) Photograph
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Table 1. Experimental conditions

Type Variables Unit Value
Air flow rate | m*/h | 50 [ 100] 150 [ 200 250
Water flow rate | mt/h | 0012 | 0015 | 0018
Latent OA C 30 ~ 41
heat % 13 ~ 35
T 24 ~ 28
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% 26 ~ 38
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Fig. 3. Variation of effectiveness with air flow rate

and water flow rate in case of cross-flow
(a) Variation of air flow rate, (b) Variation of water

flow rate
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Fig. 4. Comparison of measured effectiveness with
those of correlation calculated by Re and
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Fig. 5. Comparison of measured effectiveness with
those of correlation at various RA and OA
temperatures
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