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A Performance Evaluation of Plate Type Enthalpy Exchanger through CFD Analysis

of Elements

714 (In-Sung Kang)' , 9e} 7 (Tae-Kyung Ahn)’, #2132 (Jin-Chul Park)’

1

L5
- - - - 2 - = - 3 - = =
Fgosta dstel AF3ee Asdsta A%t Fegst anehy

lDepartment of Architecture Engineering, Graduate School of Chung-Ang University, Seoul, 156-756, Korea

ZDepartment of Architecture Engineering, Kyung-Dong University, Gosung, Korea

’?Department of Architecture, Chung-Ang University, Seoul, 156-756, Korea

(Received July 1, 2016, revision received November 3, 2016, Accepted: November 4, 2016)

Abstract In order to better save energy, many buildings have been constructed with high levels of insulation and airtightness
in recent years. Additionally, having high quality indoor air has become more relevant, necessitating a ventilating system.

This study is aimed at evaluating the performance of a humidity exchanger through computational fluid dynamics (CFD)
analysis of elements for the purpose of providing comfortable indoor air and reduced energy consumption. The simulation
was conducted with three different shapes (triangle, rectangular, and curve) of heat exchanger elements, in order to find
the most effective element. A follow-up simulation then proved the efficiency of the chosen humidity exchanger, which

was selected by analyzing the results of the preceding simulation, comparing study data with measurement data from the
Korea Testing Laboratory (KTL). The resulting analysis revealed that the rectangular element showed the lowest level of
efficiency in both heating and cooling, while the curved element showed the highest level of efficiency in both heating

and cooling.
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Fig. 1 Schematic diagram of enthalpy heat exchanger.

Table 1 Physics conditions

Item Factor

Space Three Dimensional

Time Steady
Material Gas

Flow Segregated Flow

Equation of State Constant Density

Viscous Regime Turbulent

Reynolds-Averaged Turbulence K-Epsilon Turbulence
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Fig. 2 Schematic drawing of the enthalpy exchanger.
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Fig. 3 Grid generation of enthalpy exchanger elements.

A B C

Fig. 4 Models of enthalpy exchanger.

(b) Mesh of enthalpy
exchanger chamber

Fig. 5 Simulation model and mesh of STAR-CCM+.

(a) Simulation modeling

Table 2 Conditions of humidity exchanger and chamber

Item Factor
(0] 2,000 CMH
500%520%920(mm)

Humidity Exchanger

Chamber 920%1,080x%1,880(mm)
Surface Remesher
Grid Type Polyhedral Mesher

Prism Layer Mesher
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Table 3 Ambient conditions

RA OA

7(C) RH(%) 7(C) RH(%)
Summer  24+0.3 49.6 35+0.3 403
Winter ~ 22+40.3 40 2+0.3 75.1

Table 4 Condition of elements

Item Factor
Velocity of inlet(m/s) 1
Tt (C) 35
15111 (C) 26
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Fig. 6 Heat transfer distribution of element.

Table 5 Field measurement result of KTL

SA Cooling  Heating

Temperature( C) 28.906 17.58

Relative Humidity(%) 50.05 332
Enthalpy(kcal/kg) 14.561 6.715

Sensible heat efficiency(%) 554 77.9
Enthalpy efficiency(%) 44.6 62.6
Effective enthalpy efficiency(%) 42.1 61.0
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Fig. 7 Airflow distribution of chamber.
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Fig. 8 Temperature distribution of supply air duct.
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Table 6 Comparison of KTL result with simulation

Chamber A KTL CFD simulation Differential
Mode Cooling Heating Cooling Heating Cooling Heating
TRA(C) 24+0.3 2240.3 2440.3 22+0.3 - -
TOA(TC) 35+0.3 24+0.3 3540.3 2+0.3 - -
TSA(C) 28.906 17.58 28.87 17.47 0.036 0.11
(%) 55.4 77.9 55.73 77.35 0.33 0.55

Table 7 Result of sensible heat exchange efficiency

Type Mode

Temperature( C)

np(%)

Cooling

TRA :
TOA :
TSA :

24+0.3
35+0.3
28.87

55.73

Heating

TRA :
TOA
TSA :

22+0.3
24+0.3
17.47

77.35

Cooling

TRA :
TOA :
TSA

24+0.3
35+0.3
28.12

62.54

Heating

TRA :
TOA
TSA :

22+0.3
24+0.3
17.82

79.1

Cooling

TRA :
TOA :
TSA

24+0.3
35+0.3
28.91

55.36

Heating

TRA :
TOA
TSA :

22+0.3
2+0.3
17.0

75.0

Table 8 Result of enthalpy exchange efficiency

Type Mode Enthalpy(kJ/kg) 7,;(%)
hRA : 47.62

Cooling hOA : 71.47 44.36
A hSA : 60.89
hRA : 38.81

Heating hOA : 10.21 62.03
hSA : 27.95
hRA : 47.62

Cooling hOA : 71.47 53.37
B hSA : 58.74
hRA : 38.81

Heating hOA : 10.21 64.1
hSA : 28.54
hRA : 47.62

Cooling hOA : 71.47 43.85
c hSA : 61.01
hRA : 38.81

Heating hOA : 10.21 59.3
hSA : 27.17
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Fig. 9 Efficiencies of heat and enthalpy exchangers.



5. 4 B

i 9= CFD AlEeEolAde olgste] A 2at
Bl 4 S4E skl ol F&f #d A
d wgr)el ool MAs dFS aFSA o] F
e wgr] A mede] Hgste] ads AU
A vt g des =EY

() #d 272 9 d wdk A giak B4 Ay 7)E
g w3 22K A EATFHB), AHHC) Fde] &
W A gigk AlEdo] S AAEkSIT] CFD 2
3} C, A, BEo 2 V|FE5E7 wEA YElgkor, A

TS50 e 28 2 A #Aol uel B

g W 2} g&o] 7P =8 AS daE ATk

B, C¥7e] & wgr] AlgAe] gk A& o]

=]

lo g
ot

s

@

B
ki
§c)
e
El g
rict
fol
o

o3 T
r
)
S

pory
o

<
N
T ot
O
L
12
=
rigt
N
o
] oL I
T
ne i o=
>
r |
12
=
o
ol
o
rlo

2+ 55.73%, 77.35%, A<
A

o ET

=9
2
X
i
=
ul
3L
A
o3)
oft
o

Hd wslago 2+ 62.54%, 79.1%, AE u3t
& 7}7} 5337%, 64.1%% UEFSTE ¢34 A
- A "YW E S 717} 55.36%,
o wslg &8 77} 43.85%, 59.3%= LIEFSE
S Al HE wSlE S B A CEOE B9
H, 71& & wEl) vis] BEAY & wEr] 94
HF A] ok 6.81%, IHF A] 9F 1.8% =3
& W Al oF 9%, W Al oF

£l ol
et rifo
N

o

References

1. Lee, E. J., Song, K. S., Oh, W. K., Cho, J. P., and

Kim, N. H., 2009, Performance of an enthalpy heat
exchanger at Different Humidity Condition, Procee-
dings of the Autumn Conference, pp. 1595-1599.

. Kim, N. H,, Lee, E. J., Song, K. S., and Oh, W. K.,

2010, Thermal Performance of an enthalpy heat ex-
changer Made of Paper at Different Outdoor Tempe-
ratures and Humidities, The Korean Society of Me-
chanical Engineers B, Vol. 34, No. 7, pp. 697-702.

. Kim, N. H., Cho, J. P., Song, G. S., and Kim, D. H.,

2008, Performance of a Plate-Type enthalpy heat ex-
changer Made of Papers Having Different Properties,
Korean Journal Of Air-Conditioning and Refrigeration
Engineering, Vol. 20, No. 8, pp. 547-555.

. Chung, M. H. and Oh, B. K., 2012, An Experimental

Study on Performance of Paper Heat Exchangers for
Exhaust Heat Recovery Ventilation System, Korean Jour-
nal of Air-Conditioning and Refrigeration Engineering,
Vol. 24, No. 3, pp. 240-246.

. Chung, M. H. and Oh, B. K., 2012, An Experimental

Study on Performance Improvement for Heat Recovery
Ventilation System, SAREK Summer Conference, Vol. 6,
pp. 1013-1016.

. Kwak, K. M., Bai, C. H., Kim, J. Y., and Chu, E. S.,

2007, A Study on Improvement of Performance for Per-
forated Type Total HEX Element, SAREK, Vol. 19,
No. 7, pp. 529-536.

7. STAR-CCM+ Training, CD-adapco.
. Kim, D. G, Ha, B. Y., Kim, K. O., Kum, J. S., and

Jeong, S. K., Research on Performance of Large Rotor-
type Heat Recovery Exchanger using CFD Analysis on
Surface Corrugation, Korean Journal of Air-Conditio-
ning and Refrigeration Engineering, Vol. 24, No. 12,
pp. 875-880.

. KS B 6879, 2007, Heat-recovery ventilators.

(© SAREK





