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ABSTRACT

This study presented that the cooling performance of a heat exchanger installed inside nacelle was evaluated and its

improvement was explored using numerical analysis. For this end, heat exchanger was replaced with a porous model and the

information required for heat transfer analysis — pressure loss coefficient, heat transfer coefficient, coolant inlet/outlet

temperatures, heat, etc — was obtained from e-NTU method. Since these values depend on the flow conditions of the coolant

and air flowing into the heat exchanger, the neural network model were constructed for these and immediately provided them

during numerical analysis. To verify this analysis method, the results of the cooling performance experiment for the nacelle with

heat exchangers were compared. It was confirmed that the numerical approach in this study was appropriate for evaluating the

cooling performance of the heat exchanger installed on the nacelle because of 1 % difference in the coolant inlet/outlet

temperatures and 2 % difference in the heat dissipation of the heat exchanger. In addition, the analysis was performed

considering the effect through the effects of the propeller downwash and the cooling fan mounted on the nacelle. It was

confirmed that even if the propeller downwash does not enter the nacelle, the cooling performance of the heat exchanger

installed inside the nacelle can satisfy the target if the cooling fan can suck 0.13 kg/s of air at 1 kPa.
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Table 1 Condition for heat exchanger installed inside nacelle
Item Condition & Target
Takeoff (8 kW)
Heat (Inverter+Motor) Cruise (6kW)
Coolant flow rate 8 LPM
Coolant outlet T 50C |
Air inlet T 36 C
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Table 2 Boundary condition
inlet * flow rate : 0.45, 0.7 kg/s
(Nacelle-Rig Model) | T :36C
far-field * opening (101 kPa, 36 C)
wall * non-slip & adiabatic
* material : Al
* porosity

* loss coefficient for P loss
* interfacial area density

* heat transfer coefficient

* heat (source term)

heat exchanger

propeller

(Nacelle-Propeller Model) * Velocity : 0, 20, 40m's

fan

(Nacelle-Propeller Model) 0~1.0kPa

* Pressure :
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Table 3 Comparison between experiment and numerical
analysis results

Case 1 Case 2 Case 3
EXP CFD EXP CFD EXP CFD
Air flow
045 0.45 045 0.45 0.70 0.70
rate (kg/s)
Air T (°C) | 36.70 | 36.70 | 35.87 | 35.87 | 36.00 | 36.00
Coolant
flow rate 8.04 8.04 8.04 8.04 8.04 8.04
(LPM)
Coolant 58.47 66..62 59.10
. 58.53 65.94 61.33
inlet T(°C) (0.02 %) (0.20 %) (0.67 %)
Coolant 47.22 51.16 44.06
47. 1. 46.41
outlet T(°C) 787 0.2 %) 3158 (0.13 %) 6 (0.74 %)
Heat duty 5.96 8.02 8.02
(kW) >87 (1.56 %) 788 (1.81 %) 820 (2.22 %)
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