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ABSTRACT

Currently under development is an airborne auxiliary power unit with 100 Kw equivalent power, which is
composed of a centrifugal compressor, a reverse annular combustor, and a radial turbine. Air-foil bearings
are used in this power unit to eliminate the oil supplying system, which can reduce the system complexity
and weight. The high speed generator is adopted as an electric power generation and engine starting
system, which can also eliminate the reduction gear system. Not only electric power but also pneumatic
power is provided by bleeding the compressed air. This power unit is aimed for the multi-purpose use such
as a primary power unit in the army weapon system, an auxiliary power and environmental control unit in a
next-generation tank, and a smoke generating unit.
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Fig. 1 Schematic view of developing APU
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Table 1 Design point and operating point of developing APU

As@4 [AA%| PPU | PEU | SGU
&Y kW) 92 104 88 50
A71&9 (KW) 55 87 40 10
3= (kg/s) 0.16 0 0.23 0.24
Na" 28 (%) 133 | 153 | 143 | 102
SFC (kg/hr/kW) 0.63 0.55 0.59 1.15
EFNH % (kgfs) 1.02 .89 1.00 0.95
&4 4.0 4.1 42 37
ARG K (%) 52 | 134 } 176 | 327
TIT ( °K) 1171 1136 1170 1073
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Fig.2 Compressor performance map and operating points
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Fig. 3 Altitude performance of developing APU
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Table 2 Rotordynamic analysis resulis of the
prototype APU rotor

Analytical Results :
Critical speed (rpm)
olF & Rdyg
vy & Mode type
293 With no |With axial
axial forces| forces
5,801 5,799 6,015 Rigid body
8,030 8,028 8,027 Rigid body
40314 56.184 Inner shaft
’ ! bending
82,802 299% | 83 |Oueer shaft
bending
' Inner shaft
118,409 142,665 bending
173815 174,420 | 174470 |Ovter shaft
: bending

APU Rotor - Damped Mode Analysis

200
Dusal shaft model & no axial forces
150 . Mode 3
Rotating speed (rpm) = 40314
100+ Whirl natural freq. (rom) = 40314
LogDec = 0.00214549
ATy
50 vl hd

-100 |
Solid (x) : outer shaft mode
Dashed (+) : inner shaft mode
-150 }
-200 - . .
0 100 200 300 400

Fig. 4 3rd critical mode (inner shaft mode) of the
APU rofor with the dual shaft model and
no axial forces considered.

3. HARE W™
31 A%&7|

£ APU &7 radial-to-axial &%, g9,
AdOFA 2 27 Yoz FAY g gALS
Zlelck, AA APU Al2®9 layoutdld 273k o
g 7HA P AP 2AEE TEAIY 53 ZHY
A A5 e 8 S FYRE =AU AL
A 21 4AZRE Aestd ol Table 3%
2

1219 AAA dod Fa FAg E £4AFE
vgog & MAA AsdMe st Ay
A= o}d Fig. 59 69 TA8+F T}

1244 AAeA PojA Fg dHdAe FAAgE
uigto 2 29l YAdAUL SN 53 Yde
o] A$E FAHNE BAA ddy ALl FFE
g AAs BHols 48 AU =@ 234
2 3349 FRHNE Ssd Jdy 2 gFde 7
Z23 AL AFNgey ARPE FE3 2
o BHols SARE 5& AAN

44359 DENTON ¥ STARCD £¢& AM&s
o g, Ad dFA 2 &7 el djF 33
AT FAHNE I3t gd9 A oOF
Aotel AEALS wiAS Uddy e dE FFHAY
& S8t dAMAN g Y FHlE
o 2060ln AY A& o 579 HAAE Bk =

Table 3 compressor specification and 1D design results

W 4 A A
AT &= 288.15 K
4+ 4¥ 101325.0 Pa
Y% <ty &4 3%
A 60000 rev./min
R 0.98Kg/sec
&3 v 4.487
28 715%
A R mh 10%
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Fig. 7 Computational results for an impeller
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Fig. 8 Test section of a compressor test facility

Fig. 9 Compressor test rig fot APU compressor test
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Table 4 Compressor design point and design requirement
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Fig. 10 APU combustor
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Fig. 12 Schematic diagram of a combustor test g
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Table 5 Turbine design point and design resuits

e AAH
frZ(kg/s) 0.9346
AL&E(K) 976.13

A ¥ (MPa) 0.37768
o 28] (t-t) 364
8 KW) 234.31

3 A 4 (rpm) 57,000
B&(t-1),% 83.0

Fig. 14 View of a turbine wheel
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