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ABSTRACT: The regenerative evaporative cooler{REC) is to cool a stream of air using eva-
porative cooling effect without an increase in the humidity ratio. In the regenerative evapora-
tive cooler, the air can be cooled down to a temperature lower than its inlet wet-bulb tem-
perature. Besides the cooling performance, for practical application of the regenerative evapo-
rative cooler, the compactness of the system is also a very important factor to be considered.
In this respect, three different configurations, i.e., the flat plate type, the corrugated plate type,
and the finned channel type are investigated and compared for the most compact configura-
tion. The optimal structure of each configuration is obtained individually to minimize the vol-
ume for a given effectiveness within a limit of the pressure drop. Comparing the three opti-
mal structures, the finned channel type is found to give the most compact structure among
the considered configurations. The volume of the regenerative cooler can be reduced to 1/8 by
adopting the finned channel type as compared to that of the flat plate type.

Key words: Regenerative evaporative cooler, REC(j A 4] W3H}l7]), Evaporative cooling(F32 ¥7}),
Corrugated plate(FE%), Finned channel(B4¢] A4d)
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Fig. 2 Regenerative evaporative cooler in
crossflow arrangement.
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Fig. 4 Regenerative evaporative cooler with

finned channels in counterflow arra-
ngement.
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Table 1 Correlations for the Nusselt number and friction factor in flat and corrugated plate channels

channel Do/ De Nusselt number friction factor
flat olat 0 for laminar 8.235 for laminar f= 96/Re
a. plate Re > 10,000 N u = 0.023Re%*pr!/? Re > 10,000 f=0.184Re *?
Stasiek 800 < Re < 4,000 _
. Y’ < Re <4, —9 0.189

Com_lgated et 3.1.(6) 0 25 Nu = 01889R62/d 800 Re 000 f 2.33 Re
plate Focke et o7 | 150<Re<1,800 f=1.21+367/Re
a]..(7) 05 300 < Re< 2,000 Nu = 0.34Re 1,800 <Re < 30’000 f — 5.84Re" 0.177
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Table 2 Parametric constants

parameter value
inlet air condition 32 C, 40%RH
extraction ratio 0.3
width of cooler, W 1m
height of cooler, H 1 m
pressure loss limit 50 Pa
plate thickness 0.2 mm
corrugation ratio, p,/p. 0.1
of corrugated plate type '
fin thickness
of fin insertion type 0.15 mm
dry qhapnel f}ﬂ height 20 mm
of fin insertion type
wet channel fin height
S ) 10 mm
of fin insertion type
channel length
of fin insertion type, Ly 200 mm

A4tell L8 F4-FEL Table 29 2t} F
7| &0l AZFE 'ﬂ‘%57} Z718kA 9 FE
o] ZAslERE WulrgHdS HAJE = HHI} F
71 &0l EA%T. B dAFo A= Maclaine-cross
and Banks” 9 d74s2 Fusd 278
03& H&stXud. dAEH FAdAAY dHYE
Aol 5 50Pa oldt7t He Hol TEwES A
Abslg e, o] FFxANAML NtugE +3t9 &
S5 E AAdSSAY. BAUAIEANA FAd dAxol
= dukAel 37]¢ 10mmE Agsded, A

Ad FFl sAd FEFREY F AL ALEH
AAqdd e w4 HE 27 ’#J%lﬁ} Ro=a &}
o #EolE 20mmE 8.

AXA 7= Fig. 63 2o FR3JH FER
NAx I Ao FIEFE FEET HAHH, &
F2 Z71s} olE AN FHL HdAXez



452 #H &

A A L l
1.0 l Fi ' l/ i Fi

effectiveness

L [m]

P, [mm]

(a) Flat plate type
X O S S —

/ d effectiveness

=

if 1, / ............ flow rate [CMM]

i M 1 n i

40

1 \ \ |l 1 I 1 1 'l 1 1 1
\,'0.5 04 | effectiveness |
354 |\ | e flow rate [CMM] ||
0.6 X N \' 300 T
| { { i |
3.0 1 RN Y A
0.7! ! o200 ' !
r— 1 ] ] i - - -
& ! ' ! !
2 231 ' N 150 AT -
= ’ 15)0 \ =T
204 08 1 ) A I
; ] L
1.5 \ 50 - I
{09 ~—
1.0 e e &
1.0 15 20 25 30 35 40
Ps o [mm]

(c) Finned channel type
Fig. 6 Cooling performance.

25)7] - ol

T2

B - AMYT FAde gEEo] 50Pa

2 5Yd AFoly, o] AMdrd Lo] & A4
= AAQE 4EE&AL 50Paz dAstn HAd
A EA 2 50Part) FolAm, Lo] A& g
o= 1 didjolt}d, 3 #L HAMoZ YEHd A
e F8E7F dAS Ao F3ol Hds H
© AR, & WiEFo] HYd AHAS &
At daF AAYJFAME FAS 23 E 4

F Ao, & 4oz el Ao FEx
7} dAg A fol| WHbgFo] Hurl He WX
4 A A T FaAd ARAY 23S eI

Fig. 62 2HH {857 44T of I8F
S YR e FFRe AA9Y A9 4
&ao] gt e Ao w T3 HE FZ
AS & & Ut oA AAFTEA Wi A
7kA FzZo| digted 8% 07, TF TF 100
CMM=<E RHEsteE W] 4718 8t AME H
gl AMERALE WY o] HE SH¥ES
2 3 A ojgdl+ Table 20] veEld A3} A
C1 0= ST ) %%71 7‘01 J—} wwwu a5

s v}

i
"y
e
S
)
r[o
gg
Qe
-L
fy
:.":,
o
_L.
L
J o
>,
b
ot

>l
l-'l:l
I
>
N
clr
> A
o,
tjo
_L,d
Iﬂl

ol
N
H
N,
i
-
T &
o
W
2,
o2
N
ol
8
£ .
J
iz xrlﬁ
"o =
g 2
L‘l}‘t-m—h" oﬁi‘rlr

Holl nato z-ﬂ g 18 T¥2= =
4 4 At ol FEHEke] A
o] -F = SUAIRE HArU o]l Toric’
AAastE 7] d&Eelth A A
< A AQdE HAAZ AR des
¥t} Song and Lee 2] Oﬂ?él—}iﬂ- Ef

%’-ﬂ%‘%}a FA ez & o, 9
| Aojete] FAE g Zol ‘-4'5}

tlo of i
mi o Hu

i"v

4 Koot 2 B T Y0 o O oL

}_

u{m

ot
N
(9

¥ mR ne - 4 N odo S

_-QEJFQLP.LJEoH



H[m]

REF BALY AYFTY @) 97

24

2.04

1.2-

effectiveness

\Vd e

............ flow rate [CM M] |
2 : é °
p, [mm]

(a) Flat plate type

4.0

3.6 4

A
32- \ X
%
A
Y
A
2.8 i /0'8 . .
effectiveness ||
- flow rate [CMM)]
2.4 F ' » ;
5 7 8 9
pp [mm]
(b) Corrugated plate type
183" RN TR
‘\CD ? \\ < \\ O‘\
|t \‘ ........... ‘{9\ A . h
14 \ N \\ 125 -
75\ 100 .
1.0 30, T
0.6"' 25 . - . N
effectiveness ]
............ ﬂOW rate [CM M]
0.2 s B S e —
1.0 15 2.0
Py g [Mmm]

(¢) Finned channe! type
Fig. 7 Design results.

453

Table 3 Comparison of volume and weight

flat plate {corrugated finned
type plate type | channel type
width [ml] 1.00 1.00 1.00
height, H [m] 2.12 3.84 1.46
length, L [m} 1.14 1.83 0.20
volume [m’] 2.42 7.01 0.29
plate pitch [mm]| 354 7.05 20.0(10.0)
fin pitch [mm] - - 1.65(1.33)
hydraulic dia. | ;g 138 29(2.1)
[mm)]
fin(Al) weight _ _
plate Al 359 549 7.4
weight
[kg] PP 118 180 -
total Al 359 549 56.3
weight
[kg] PP 118 180 -

Al : aluminum, PP : poly-propylene, (): wet channel.
L, [d\
L,  \d,
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