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Estimation of Air Flow Rate in Automotive Ventilated Seat
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Abstract In ventilated seats for cars, air flow is generated by a fan and passed through a foam pad, foam filter,
and seat cover. There is a significant loss of air flow in this process, and it is not easy to analyze the amount
delivered to the driver. Another difficulty is the geometric complexity of the air flow passage inside the seats. In
this paper, the air flow through a foam pad was analyzed. Proper modeling of the bumps in the ventilation mat was
found to be important in the analysis. Air flow is lost when it passes through the porous pad foam, which was
measured and used to correct the analysis results. The corrected analysis results were in a good agreement with the
experimental results. The amount of air flow delivered to a driver was measured using an airflow cone. Only 35.7%
of the air flow from the fan was delivered.
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Fig. 1. Schematic diagram of ventilated seat cushion
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(b) bottom view
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Fig. 2. Pad foam of ventilated seat cushion
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Table 1. Specifications of pressure module and vane probe

Pressure module Vane probe
Measuring From 0 to £500 Pa From 0 to 3m/s
range
Accurac + 2% of reading + + 3% of reading +
Y 0.8Pa 0.1m/s

Resolution 0.1 Pa 0.1 m/s
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Table 2. Velocity measurement results (m/s) at the outlets
of ventilation holes

Fan Speed
Ventilation Hole
Low Medium High
VHI 0.95 1.05 1.15
VH2 0.95 1.10 1.21
VH3 1.26 1.39 1.63
VH4 1.08 1.33 1.68
VHS5 1.54 1.98 2.34
VH6 1.26 1.54 1.86

36

Table 3. Airflow rate measurement results (CFM) at the
outlets of ventilation holes

Ventilation Area Fan Speed
Hole (mm? Low Medium High
VHI1 471.43 0.944 1.049 1.144
VH2 415.48 0.836 0.964 1.065
VH3 356.33 0.948 1.046 1.227
VH4 298.65 0.683 0.842 1.063
VH5 283.53 0.925 1.187 1.403
VH6 254.47 0.679 0.830 1.000
Total 5.016 5917 6.902
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Fig. 3. Pad foam and air flow distribution plate which is
installed inside ventilation mat
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(a) flat bump model

(b) curved bump model

Fig. 4. Shapes of bumps of air flow distribution plate
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Fig. 5. Analysis results of airflow rate at the outlets of
ventilation holes, which were found by the
assumption that bumps of air flow distribution

plate were flat
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Fig. 6. Analysis results of airflow rate at the outlets of
ventilation holes, which were found by the
assumption that bumps of air flow distribution
plate were curved
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Table 4. Velocity and air flow measurement results at the
fan outlet whose area is 601.06 mm’

Fan Speed
Low Medium High

Pressure (Pa) 56.80 92.04 125.00

Velocity (m/s) 9.00 10.17 13.03

Airflow (CFM) 11.46 12.95 16.59
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Table 5. Efficiency of pad foam at various fan speed

Fan Speed
Ventilation Hole
Low Medium High
Airflow Out 10.032 11.834 13.804
Airflow In 11.462 12.952 16.595
Efficiency 0.82 0.92 0.84
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B A Ao T R A gl
o] frdS& 75kl Table 6014 AeshAth
Table 6. Airflow analysis results (CFM) at the outlets of

ventilation holes considering curved bumps of
air flow distribution plate and efficiency of pad
foam
Airflow rate Lt Syl
(@i Low Medium High
VHI1 0.95 1.06 1.21
VH2 0.85 0.96 1.10
VH3 0.90 0.98 1.14
VH4 0.73 0.96 1.13
VH5 0.88 1.08 1.30
VH6 0.71 0.87 1.03
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-®- Analysis (Fan Speed: Low) —®—Test (Fan Speed: Low)
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Fig. 7. Analysis results of airflow rate at the outlets of
ventilation holes, which were found by the
assumption that bumps of air flow distribution
plate were curved and also by the correction using

the efficiencies in Table 5
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Fig. 8. Experimental setup to measure airflow rate out of
seat cover
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Fig. 9. Calculation of pressure difference between inlet
and outlet of airflow cone (fan speed: high)
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Fig. 10. Fan performance curve to find airflow rate out of

seat cover (fan speed: high)
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