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A Performance Evaluation of Plate Type Enthalpy Exchanger through CFD Analysis
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Abstract For energy saving many buildings had been constructed by high levels of insulation and airtightness in recent years.
Accordingly, not only had the significance of indoor air quality come to the fore, the necessity of ventilating system. This
study aimed at evaluating the performance of humidity exchanger through computational fluid dynamics (CFD) analysis of
elements for providing comfortable indoor air quality and diminishing energy consumption. The simulation was conducted
with three different shapes (triangle, rectangular, and curve) of heat exchanger element, proceeding to find out the most
effective element. Then follow-up simulation proved the efficiency of humidity exchanger which was selected by preceding
simulation, comparing with a measurement data of Korea Testing Laboratory (KTL). The result analysis revealed that while
the rectangular element showed lowest level of efficiency in both heating and cooling, the curve element showed highest
level of efficiency in both heating and cooling.
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Fig. 1 Schematic diagram of enthalpy heat exchanger.
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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

==as Membrane

Spacer

Fig. 2 Schematic drawing of the enthalpy exchanger.



Fig. 3 Grid generation of enthalpy exchanger elements.
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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 & chamber

Item Factor
0 2000 CMH
500%520%920 (mm)

Humidity Exchanger

Chamber 920%1080x1880 (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+0.3 496 35+03 403
Winter 22+0.3 40 2403 75.1
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Table 4 Condition of elements

Table 5 Field measurement result of KTL

Item Factor
Velocity of inlet(m/s) 1
T;nlct(cc) 35
:Tmn‘,l(zf( DC ) 26
a b b ¢ a C a b ¢
(i)itr 10 (ii) itr 20 (|||) |tr 30 (iv) itr 50
a b ¢ a b b b
(v) itr 80 (vi) itr 100 (vu) itr 150 (vm) itr 200
Temperature('C)
25992 _27.564 29136 31708 33.281 35.853

Fig. 6 Heat transfer distribution of element.
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SA Cooling Heating

Temperature( C) 28.906 17.58
Relative Humidity(%) 50.05 332
Enthalpy(kcal/kg) 14.561 6.715
Sensible heat efficiency(%) 55.4 77.9
Enthalpy efficiency(%) 44.6 62.6
Effective enthalpy efficiency(%) 42.1 61.0

Table 6 Comparison of KTL result with simulation

Chamber A KTL CFD simulation Differential

Mode Cooling Heating Cooling Heating Cooling Heating

Tra(C) 2403 22403 24+03 22403 - -
Toa(T) 3503 2403 3503 2+0.3 - -
Tsa(T) 28906 17.58 28.87 1747 0.036 0.11

no{(%) 554 779 5573 7735 033 0.55
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Chamber C

Velocity: Magnitude (m/s)
-0.662 0.174 0.628 1.272 1.916 2.618
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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 7 Result of sensible heat exchange efficiency
Type Mode Temperature(C) n (%)
Tra : 24+0.3
Cooling Toa : 35+0.3 55.73
A TSA : 2887
Tra @ 22+0.3
Heating Toa : 2+0.3 77.35
TSA : 1747
Tra : 24403
Cooling Toa @ 35%0.3 62.54
B Tsa @ 28.12
TRA . 22+0.3
Heating Toa : 2+0.3 79.1
Tsa @ 17.82
Tra : 24203
Cooling Toa @ 35+0.3 55.36
C TSA . 2891
Tra : 22+0.3
Heating Toa @ 2+0.3 75.0
TSA : 17.0

Table 8 Result of enthalpy exchange efficiency

Type Mode Enthalpy(kJ/kg) 1,;(%)
hra @ 47.62
Cooling hoa @ 71.47 44.36
hsp @ 60.
A P
Heating hoa : 10.21 62.03
hSA 2 2795
hra : 47.62
Cooling hoa : 7147 53.37
B hSA . 58.74
hra @ 38.81
Heating hoa : 10.21 64.1
hSA . 2854
hra @ 47.62
Cooling hoa @ 7147 43.85
C hsa @ 61.01
hRA : 38.81
Heating hoa : 10.21 59.3

hqA : 27.17
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Fig. 9 Efficiencies of heat and enthalpy exchangers.
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