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A Study on the Development of Heat-Recovery Ventilator for
Preventing Freezing in a Cold Weather
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Abstract Computational fluid dynamics was used to develop a heat-recovery ventilator for preventing freezing in
cold weather. An optimal internal return damper was applied, and a prototype was made for frost and freezing
experiments. A total of 16 models were used to design the optimal internal return damper with the maximum exhaust
recirculation ratio. The exhaust recirculation ratio of the exhaust air to the outdoor air was 59.9-62.3%. The tests
showed that frost and freezing did not occur at outdoor air temperatures of -15°C or higher in both exhaust
recirculation operation and normal operation. However, at an outdoor air temperature of -20C, no freezing occurred
in the outdoor air area when the internal return damper was opened by 45 degrees. Heat recovery ventilators for
preventing cold weather frost and freezing should be operated in two operation modes: normal and exhaust
recirculation mode. An operating algorithm was developed for the heat-recovery ventilator operating in normal mode
when the outdoor temperature is higher than -15°C and recirculation mode when the temperature is lower.
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Fig. 1.

Corrosion of a heat-recovery ventilator by dew

condensation.

Fig. 2. A photo of a heat exchange core covered with mold.
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Fig. 4. Modeling of CFD.
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Table 1. Model of CFD.
RD OED
Model (Return damper) (OA & EA damper)
01 Vertical - CCW 45° Vertical - CCW 45°
) 02 Vertical - CCW 45° Vertical - CW 45°
Fig. 5. Mesh of CFD. 03 Vertical - CCW 45° Horizontal - CCW 45°
04 Vertical - CCW 45° Horizontal - CW 45°
05 Vertical - CW 45° Vertical - CCW 45°
5 06 Vertical - CW 45° Vertical - CW 45°
A e gt 07 Vertical - CW 45° Horizontal - CCW 45°
DT i—— 08 Vertical - CW 45° Horizontal - CW 45°
N 09 Horizontal - CCW 45° Vertical - CCW 45°
SR AN BB B 10 Horizontal - CCW 45° Vertical - CW 45°
1 7%
‘K " 11 Horizontal - CCW 45° Horizontal - CCW 45°
o @\ - 12 Horizontal - CCW 45° Horizontal - CW 45°
R open,‘,\;‘plgehm Press. OPa 13 Horizontal - CW 45° Vertical - CCW 45°
@ = 14 Horizontal - CW 45° Vertical - CW 45°
OA: Opening oalaive Press O 15 Horizontal - CW 45° Horizontal - CCW 45°
Fig. 6. Boundary condition of CFD. 16 Horizontal - CW 45° Horizontal - CW 45°
Table 2. Results of CFD.
Model EA flow rate OA flow rate Recirculation flow rate
[CMH] [CMH] [CMH]
01 59.2(39.5%) 59.2(39.5%) 90.8(60.5%)
02 58.6(39.1%) 58.6(39.1%) 91.4(60.9%)
03 60.1(40.1%) 60.1(40.1%) 89.9(59.9%)
04 57.1(38.1%) 57.1(38.1%) 92.9(61.9%)
05 59.8(39.9%) 59.8(39.9%) 90.2(60.1%)
06 59.0(39.3%) 59.0(39.3%) 91.0(60.7%)
07 59.7(39.8%) 59.7(39.8%) 90.3(60.2%)
08 56.9(38.0%) 56.9(38.0%) 93.1(62.0%)
09 58.4(39.0%) 58.4(39.0%) 91.6(61.0%)
10 58.6(39.1%) 58.6(39.1%) 91.4(60.9%)
11 59.6(39.7%) 59.6(39.7%) 90.4(60.3%)
12 56.7(37.8%) 56.7(37.8%) 93.3(62.2%)
13 59.2(39.5%) 59.2(39.5%) 90.8(60.5%)
14 58.4(39.0%) 58.4(39.0%) 91.6(61.0%)
15 59.7(39.8%) 59.7(39.8%) 90.3(60.2%)
16 56.6(37.7%) 56.6(37.7%) 93.4(62.3%)
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Fig. 9. Photos of experimental device.
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Table 4. Results of freezing experiment.

no. | OA temperature | RD open angle freezing zone
o1 0° heat exchanger core & inner
side of EA
02 -20C 22° inner side of OA
03 33° inner side of OA
(c) Velocity vector profile of recirculation damper. 04 45° none
Fig. 8. CFD results of Model 08. 05 0° none
06 22° none
. 07 I5C 33° none
Table 3. Results of experiment. 08 150 one
Damper opening angle O0A [%] EA [%] 09 0° none
11° 80 20 10 e 22° none
22° 70 30 11 i 33° none
35° 60 40 12 45° none
45° 50 50 13 0° none
14 5C 22° none
15 33° none
1E E:I hg 16 45° none
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Fig. 10. A photo of freezing in case of -20T of OA

temperature and 0° open of recirculation damper.

Fig. 11. A photo of freezing in case of -207C of OA
temperature and 22° open of recirculation
damper.
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Fig. 12. Algorithm of EA recirculation mode operation.
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