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ABSTRACT

This study targeted a hybrid electric propulsion system, which uses both an electric motor and
a gas turbine, of Advanced Air Mobility being studied to build a new 3D transportation network.
The hybrid engine system requires cooling of the gas turbine and electric motor for smooth
operation, and this cooling achieved by circulating antifreeze through the cooler. The present
study predicted the performance of an antifreeze cooler that cools the antifreeze heated by the
heat of the engine and motor. In particular, the change in the outlet state of the antifreeze cooler
was predicted for the thermal inlet state, which varies depending on the operating state and the
speed of the aircraft. In addition, the wvalidity of the predicted value was confirmed by
comparing it with the test value from performance test through the test rig based on the

predicted value.
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Ac : Free-flow area [m?]

Cp : Specific heat [kJ/kg-K]

G : Mass velocity [kg/m?s]

Pin : Inlet pressure [Pa]

Pr : Prnadtl number [-]

Q : Heat transfer rate [kW]

Re : Reynolds number [-]

Rw : Resistance wall heat transfer [K/W]

U : Overall heat transfer coefficient
[W/m?>K]

f : Friction factor [-]

h : Height of fin [mn]

h : Convection heat transfer coefficient
[W/m?>K]

j : Colburn factor [-]

1 : Length of one fin [mm]

S : Width of fin [mm]

t : Thickness of fin [mm]

AP : Pressure loss [Pa]

ATimrp @ Log-mean temperature difference

[C]

n : Fin efficiency [-]
: Density [kg/m’]
o : Ratio of free-flow area to frontal
area
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Table 1. Informations of heat exchanger.

Material Aluminum
Thickness of plate 0.2 mm
Fin height 3.0 mm
Hydraulic diameter 1.71 mm
Area of heat transfer 1.83 m'

Fig. 3 Lanced fin.

Fig. 4 Modeling of heat exchanger.
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Table 2. Conditions case of heat transfer.
No. Unit Coolant Air
Flow rate 2 LPM | 0.6 kg/s
(a) | Temperature inlet | 77T 36T
Model Length : 300 mm
Flow rate 2 LPM | 0.6 kg/s
Temperature inlet | 77T 36T
(a-1) Length : 400 mm
o | ot 0
Fig. 5 Air cooled water cooler. ength - mm
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Table 3. Results of performance prediction.

Air Coolant Air
No. flow | Temperature | Pressure | Pressure
inlet outlet loss loss
(kg/s) (C) (kPa) | (kPa)
(i) 0.6 41.44 1.07 2.62
(ii) 04 44.33 1 1.25
(ii) | 0.24 49.06 0.9 0.51

Table 4. Results of performance prediction.

Coolant Coolant Air

No flow Temperature | Pressure | Pressure
inlet outlet loss loss
(LPM) (C) (kPa) | (kPa)
(@) 1 36.9 0.64 2.61
(ii) 2 414 1.07 2.62
(iii) 3 46 1.44 2.62

Table 5. Results of performance prediction.

Coolant Air
No. Temperature Pressure | Pressure
Inlet Outlet loss loss
(C) (C) (kPa) (kPa)
() 66 40.2 1.18 2.617
(ii) 77 414 1.07 2.62
(iii) 88 42.6 0.99 2.627
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Fig. 6 Performances of various air flows. Fig. 7 Performances of various coolant flows.
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Fig. 8 Performances of various coolant inlet temperatures.
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Fig. 9 Performances of various core sizes.



H2724 M3& 2023. 6, sto|22

19

Table 19| W-go] wigd AA F5q WJzt7])l
duw 7] E Fig. 59 #°] 300 mm Zo|&E Azt
stk TS Fig. 10, 1139 2ol A@Y1E +
sl FHlsta Fig. 1294 #o] AguolHE
FAY AHE FEFAT o] AP F8

APe ANF 270E Table 29 (a)oll a9

= M AEd dus Agow whgsin
ole] Altel & dZFFke] /N Table 87
Zomn, o]l& APy vlnstuA At o=
Wzteel Frle JFE FEY 55 Fos)
Re A CdFE R FT2=9 tEE,
a8 37159 g EAS oA ghelth

63 2d2a%}

A3 & Fig. 133 o] Fig. 109 Alg e 10l
Fig. 59 F-FAqYZ17|E& st AAEATH
Ayl A th39 Table 994 Zo] YERT
APAI] FFHL Gt 2EET oF 15TH
=92 ge Bion, 37150 dgEd

ARt} oF 06 kPa A% =4 Ve o] AY

Turbo blower

Fig. 10 Test rig for cooler with air—flow.

Fig. 13 Photo of installed cooler in Nacelle.
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Table 7. List of experiment equipment for test.

Part Name Specifications
Bath 27 Liter
Magnetic pump,
Pump 50 LPM (Max)
Pressure 5 barG (Max)
Heater In-line heater,
15 kW, 380V, 3ph, 60Hz
. Line filter,
Filter 1100 mesh
Thermocouple K type
Coolant Temperature 200~1370 T
Digital type,
Pressure |0~30, 0~50 kPaG,
* 0.15% (Full scale)
Pressure Digital type,
(Differential)| "
+ 0.25% (Reading scale)
Gear type,
Flow meter [0~32 LPM
t 0.5% (Reading D)
Blower Turbo-blower (air bearing)
0~1.32 kg/s @ 30 kPa.G
Air cooler Plate fin heat exchanger
15kW, Aluminum alloy
Thermocouple K type
Temperature 200~1,370 C
Air Digital type,
Pressure [0~5, 0~10 kPaG
+ 0.15% (Full scale)
Pressure Digital type,
(Differential) 0~10 kPa
* 0.25% (Full scale)
Venturi type
Flow meter 0~127 ke/s

Table 8. Performance Prediction Overview.

No. Unit Coolant Air
Flow rate 2 LPM | 0.6 kg/s
Temperature | In 77 36
2 (a) ;
[C] Out| 41.44 (45.5)
Pressure loss [kPa] 1.07 2.62

HolE = Fig. 14~163 o]
2]l g o] st FRbelA

H, °] ule 0 2 Table 99 #Zo] Attt

=90
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Table 9. Test result of heat transfer.

No. Unit Coolant Air
Flow rate 1.99 LPM 0.601
kg/s
Temperature In 76.82 35.90
[C] Out| 3986 43.94
Pressure loss
2 (a 4 27
(@) [kPa] 0.46 3.2
Heat transfer rate
4.9 4.87
kW] i
Heat balance
2.2
(%) °

Fig. 14 Photo of performance test.

Temperature ['C]

= Air inlet Temp.

e Air outlet Temp.
——Coolant inlet Temp.
== Co0lant outlet Temp.

Fig. 15 Log of temperature record.
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Table 10. Performance Prediction Overview.

Part Prediction Test Etc
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