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Abstract: Evaporative cooling is a very effective way for exhaust heat recovery that uses both latent heat and sensible
heat. This study investigated the performance of a heat recovery system using evaporative cooling. The experimental
apparatus comprised a plastic heat exchanger, a water spray nozzle, an air blowing fan, a water circulation pump, and
measuring sensors for the temperature, humidity, and flow rate. The effectiveness of the sensible heat recovery without
evaporation was measured and compared with that of the total heat recovery with evaporation. The effectiveness of the
sensible and total heat recoveries decreased as the air flow rate increased, and a much higher effectiveness was obtained
with the counterflow arrangement in both cases. For total heat recovery, the effectiveness increased with the water flow
rate, and the parallel flow arrangement was found to be more sensitive to the water flow rate than the counterflow
arrangement.
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(D heat recovery system, (2 heat exchanger,

(@ water spray nozzle, @ fan, (& pump,

® water tank, (7) data acquisition system, @ flow meter, 9 micro-manometer, 10 hot water tank

Fig. 1 Experiment apparatus for heat recovery system
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Qactual = mh Cp (TOA - TSA ) (5)

Qmax = (mcp)min (TOA - TRAfwb) (6)

Az P &= Ao zelE &
7] Mzl JERW Fig 7 7 #oh Y% O
SA =3 stellA SEdt &= 4 #
of BRI Ho =271 STkeke] 8= #
o] vtolxitt ALy ztat wwaty] $siA A (4)
o Hu LExE AL §8 =71 oF 0.94 717
7t Z7d wElds 1 B F $E Tk
A Yz dddZed s WA s ol

>

S, .

Fig. 8 & & 37|f& JYPsiA S U
sHAl st TR ElE w3719 Re el
2 F859 Wals yeld Aoz oy B
FH2 02 (/min &2 LA FASATE ZE
7 NEFRFY 857 v =4 YE
wom, I ofiE B BYE FHWIgoR oF
AAY 7= T8I g Egor Bof I

e A 41

e

0.6 1

Effectiveness

0.51 —=s— counter flow| ]
—~— parallel flow

0.4 T T T T T
100 200 300 400 500 600 700

Re

Fig. 8 Variation of effectiveness with Reynolds number
of air for evaporative cooling

09 T T T T T
0.8 .,,/4’/’/' ]
)]
g 0.7 /A/A ]
c
)
=
T 061 1
9]
i
0.5 1 —=e— counter flow/q
—~— parallel flow
04

003 006 009 012 015 018 021
Water to air flowrate ratio

Fig. 9 Variation of effectiveness with water to air flowrate
ratio for evaporative cooling

W o
¥ Ly
A
o

i—la

>

B

S

N

Y

N

d

k)

(ot
b
o

To o
<y
™
"
2
N
(2
ll
ftfo
o
i
o
2 of

N

ol & 1o
o
Shs
—d
%
o —
ox
s
%0
o0
o
ofo
k1
rir
o
N

[o o

-0,
ol\
S
o
=2
=
L)

N

N
B~
o
rr
o,
otk
o
s

o, 50 CMH o
0.71,200 CMH & uj
LER AL 9
o &F-of 33 & ol 4
sk 71&718 7HA =

Fig. 9 &= 37174 %
R R = s
Al of mEREA| R
[e) X0 _Tor_7

rlr%“
N O
N
o 2
e
g
o
A
— 1o
X o
N
o}:o_L‘“
2
i S

i
ot
of |
N
Ho
ot
o,
ol\

N
o o
il C:F:
4 2
o oY

[

rir

Mo
E

rot
P

o

Ju e 8

L oo o
N

oft
J oz

=2
=
o
otk

o o
=

FIF
ol oY &
S
-
Ho

~ %

o) o

Ll g o
r

R

o
>
f
O
o
H
N
O, %
tlo
N
)
i}

e
- jﬂ:
(uf
ot 4o
iy

of wlsjA &

k)
g
e
4
ol
B~
ol
ol
)
ot
09:'

Lo
~
o
~

fu
fz
o
M
-

(e
A
to o
o 1%
Fol
2



q A S o WoHRE mmwo T o WU F = W
Y @wﬂhﬂr FER® ) - B wowe  mHE 4 W %o Y
e FTyg watud seisfr sFe 4w g
ol PRk PETRL Ty W Bpm kLB g T X
T . P o N %ﬂmr%i %%E@r mo T B AT 2 W AR
W ol g X e B :.L x W ~n A= 0 %0 A of 2l = ) N ) = T =
K RT = Ll - o g N W0 ok o o N O r—
+ C il — o o E o A e ook = g o
PR > X g —wd m Moy & R e 3 B
T N oy WA O TEANE OREMT Tl w WS o o B wl
=% . f 5 Ty FRosI@meR®L oM 2§ wd g
TET & m wPE W N TEPNEGE® do 3 o
%/#o = SN oo B ML T @Jﬁ Em S mo o %M - Gl ﬂm g NN o M—.% M;_H oF A ok W_ﬁ Dﬂwvo |_H|__”_
< ~ o0 J — ~ oK o~ ; ! K
T & UENEA~pET TRIIvA®eL 4T 3 =
T o - P TR o Vg Ho ~ N oE ~— = H Y e o . = n
g B g e T BN L o T TH T o o 14
9 I oy~ e PTm g TSP NEENTY dge ) ol
Mozl _aéwﬂgﬂéﬂ BE= Sg9 P kR W I g
i} Now WER W B o WP e MWW AT <o i
Ta ™ o PETR o O L4 o o 2 i X
'BO ~ & WE o) W J B - No 0 oF N M M Ko = Ho ol B
~H 10 . EE N m_x g A~ o EW HL ,UI ,ul —_ 0 ,Ul DT.c — ;oa ;oE - OT —_ PL »&l ‘Mﬂ
) TR of ST e - L oNN TS 2T W g
o AW NHARH B wiEE e Mmoo TR T
iy
N o ' = —_— o T — w»n = —
ey PRpnm— DA A} L E3ha 6
W_.M mm.m.m mw e ” .m Hﬁm%ﬂ%]%omq ,WO@}JIMMH
o L SSomll8 85 [\R & EEANET® S g™ X8
o “R88 [ =22 RRVEN [ & o 00 = o e oF ok © No o =T B
S oo o g s £ = TSy 0 N of =
me G N c O ,% )AL ﬂ UT N OT i‘_
oo ! b — ok 4 ok Nlo Mo —L ~ .
[ g &g L o E 8 ODT% O S« o
- % . L o0 ' v — lrg
° mm 8 & mm%dr%ﬂmrm%uﬁﬂ%mmﬂ
= % m o _ N o o e Ml o i o B u_ﬁo| H
[ - = b
- selE L S R S RO
< ) -
mm $ 55 ﬂ%?n_:ww_@/rurwo%w”%d.ﬂ%ov
8 % of w§ & I ZoET Y ST
i s 27 I 22 %53 G Mo+ R o 5 U
% 2 g 83 Fa2gee BT ol S k™
s &% g 52 s EHEEST e
o Fe =1 [ [ S Q= N ﬂw_w o
“ MW ° E< oz ap N I zouumxmﬁu%uumwo_u I Gl
= o —_
35 g CF o EmE T w T yd
_ _ _ _ 8 = ST ST = T TR o PR RS
@ © ~ © o ¥ @ @O ® N~ & O @© X .op T B g 2 e
N o o o o o o =0 o o <] o ©o o o o0 3 Al E o A &o S £ m &o ~ o s
¥ SSauaAlRoayg 3 UoI}E|21102 JO SSaUaAl}ooly] = N W oo 9V e oF T O s~ s oF No oF '}

Planning

(References)
(1) Lee, B, Y., Chung, M. H. and Rhee, E. K., 2013,
"Comparative Analysis of the University Building’s

Energy Consumption and Architectural
Factors,” Proceedings of the Architectural Institute of

Korea, Vol. 33, No. 1, pp. 257~258.

}

9
y oA

g T

=]

stAIZ1 7] H(L/G)
(M¥ 2T} Fig. 11
T
o] "oy 7t +3%

oz

s
B
e

A



ol\

22

tlo

hul

(2) Cerci, Y., 2003, “A new Ideal Evaporative Freezing
Cycle,” International Journal of Heat and Mass
Transfer 46, pp. 2967~2974.

(3) Joudi, K. A. and Mehdi, S. M., 2000, “Application of
Indirect Evaporative Cooling to Variable Domestic
Cooling Load,” Energy Conversion & Management 41,
pp- 1931~1951.

(4) Gomez, E. V., Martinez, F.J.R., Diez, F. V., Leyva,
M.JM. and Martin, R. H., 2005, “Description and
Experimental Results of a Semi-indirect Ceramic
Evaporative Cooler,” International Journal of
Refrigeration 28, pp. 654~662.

(5) Dai, Y. J. and Sumathy, K., 2002, “Theoretical Study
on a Cross-flow Direct Evaporative Cooler Using
Honeycomb Paper as Packing Material,” Applied
Thermal Engineering 23(13), pp. 1417~1430

(6) Johnson, D. W., Yavuzturk, C. and Pruis, J., 2003,
“Analysis of Heat and Mass Transfer Phenomena in
Hollow Fibre Membranes used for Evaporative
Cooling,” Journal of Membrane Science 227(1/2), pp.
159~171.

(7) Anyanwu, E. E., 2004, “Design and Measured
Performance of a Porous Evaporative Cooler for
Preservation of Fruits and Vegetables,” Energy

o
o

ol &3k w714 3|egA Aol B3 AT 43

Conversion Manage 15, pp. 2187~2195.

(8) Pescod, D., 1968, “Unit Air Cooler Using Plastic
Heat Exchanger with Evaporatively Cooled Plates,”
Australian refrigeration, Air conditioning and heating
22(9), pp. 22~26.

(9) Maclaine-cross, I. L. and Banks, P. J., 1981, “A
General Theory of Wet Surface Heat Exchangers and
its Application to Regenerative Cooling,” ASME J.
Heat Transfer 103, pp. 578~585.

(10) Duan, Z., Zhan, C., Zhang, X., Mustafa, M., Zhao,
X., Alimohammadisagvand, B. and Hasan, A., 2012,
“Indirect Evaporative Cooling: Past, Present and
Future Potential,” Renewable and Sustainable Energy
Reviews 16, pp. 6823~6850.

(11) Kim, M., H., Kim J., H., Kwon, O., H., Seok, Y., J.
and Jeong, J., W., 2010, “Energy Saving Potentials of
an 100% Outdoor Air System Integrated with Indirect
and Direct Evaporative Coolers,” Proceedings of the
Architectural Institute of Korea, Vol. 26, No. 4, pp.
313~320.

(12) Keith, D., 2011, “Indirect Air-Side Economizer
Cycle — Data Center Heat Rejection,” ASHRAE
Journal, No. 3, pp. 44~54.



