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Simulation study of an aero-piston engine with single stage-tur bochar ger
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Abstract :~The method.was introduced for-setting up_simulation model of an aero-piston
engine-The smulation'model, of an-engine with-sngle stage turbocharger was set up , and the
ground'performance s smulation computation wasfinished The smulation results were coin-
cident with the\test data On the bas's of the former works, the high altitude performance
smulation was conducted , and the results were consistent with the fly test data
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Fig 2~ Smulation model“of turbocharging-engine
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Table 1 Data of the'engine . ) )
2
/cm 7.95 Om,
Jem 61 20 1 01 x 10° Pa.
/cm 10. 6 )
/cm 0 ,
/L 12
/L 03 2
4 Table 2 Points of computation
1-4-2-3
9 ! %
I/ MPa 8 [(rmin) 125 25 40 60 80 100 115
2 BING 2500 . . . . . . .
/em 3 3000 . . . . . . .
/cm 277 3500 . . . . . . .
1 4000 . . . . . . .
( ) () 48(cra BBdC) 4500 . . . . . . .
( ) ) O(cra ATdC) 5000 . . . . . . .
( ) () 0(cra BTdC) 5500 . . . . . . .
( ) ) 48(cra ABdC) 5650 . . . . . . .
97
/ (kJ/ kg) 42500 . 3

/ (kJ/ kg) 14 35 100 %
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Table 3 Contragt of the ssimulation and test

/
(r/ min) /(N - m) /KW / (g/ kW - h) /(N - m) kW / (g/ KW - h)
2500 86. 5 22. 6 314 7 85 56 22 4 316
3000 95 1 29. 2 337 100. 1 31 4 337. 5
3500 104. 5 38 3 333 6 108 60 39. 8 337. 9
4000 116. 7 48 9 305 2 113 4 47. 5 306 0
4500 118 3 55 7 297. 3 118 1 55 6 295 5
5000 122 2 64 287. 1 121 63 3 286
5500 120. 5 69. 5 290. 2 120 6 69. 4 292 3
350 :
3 4 5 |
340 e
’ 3 ~ /j \'\
E 330 V\\
5 %. > / ! 1
§0 370 / |
140 = ‘
5% 310 ! 71
120 =\ ‘
= = A T
| - MR
= L 290 | |
> 80 BTy - é g | |
< 60 DS R *Y2500° 30003500 4000 4500 5000 5500 6000
& H34 / (r/min)
= 40
20 B 5 I AR 25 3 3R X L
0 o .
2500 3000 3500% 4000 \ 4500, 5000 55006000 Fig. 5 SFC of simulation and test
434/ (r/min)
P03 g A AR L 12
Fig. 3 {Torque-ef simulation and test 1.1
ﬂ A .
80— R~
it o
| N -
70 — S | :g; 09 ‘l-\_\\_'
60} — : o8 25
50 - : beo -
z " ;
\’;‘ 40 “ } 0.7 Air mass flow(Solid line) ’."4 20 Eﬂ
N | Fuel flow(Dotted line) " =
=30 : 300 - 5115 18
o il | | o i A =
& ‘ l 250 e 10 =
‘ | ~ 2 P . =
10 | \* —q < . v - &
0 ‘ | | {‘,0 200 p e 5
2500 3000 3500 4000 4500 5000 5500 6000 & LA
3% /(r/min) 2150 ] 0
4 SRS B R BN 100
Fig. 4 Power of simulation and test 500 2 345 6789 101112131415
6 ( V¥ %% 11/10° Pa
) , 6 2 SRR

Fig. 6 Simulation results of air and fuel consumption



1337

6
.
: 0.09 120
, 0.08
/ J110
)
0.07
Fd 100
r
0.06
900
T - ; 190
i S E
580 2 005
500 T et e
2 - T T T : \/ A A 190 ¢
_;; 750 74 3 BTy = +\_§ 0.04 L TR "?"
& 700 1 170
= R 1 0.03 i
650 . : % -
600 .
460
o 8 0.02
2 6
= 40 =
\‘I: 20 B R e S B e b b Lol ot e Rl o 3

012345 6789101112131415

V4% 91/10° Pa

100

=
50 ¢
o4

7
Fg 7 Inlet and o
8
24 w
Ly
T

2:2 .

o064l

2.0 .,"',/ ‘ ﬁ'\

i f\

s 0.60, ]Jl 7\
" 7o NI
;‘ /} 7 160000

18 ; A j

. n=14000
Z/ s
1.4 Of - /
l f A ¢ V #=120000
." 4
12 ; L"\ _/, _5d® #=190000
/ [™® =80000
o™

0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20

Hré it/ (kg/s)
(a) ESHURFE

0 10000m
5000m
1 22 x10° Pa,
10000 m
t (
27,
10° Pa
11 (
. 4500m



1338 24
90 1.5
70 ] 4F
60 4r
? 50 B s PO
40t L3
R 301 1.2
20 [
3 1.1k
13 e
% 12 v LON
o 1 ] [
H 10 B 09
EE9 S
s 8 ~ 0.8f
L 7‘ ik F
- 6 = 07¢
5| :
4/ 0.6
0.5r
0.4F
0.3f
) 1 1 SN W ) 1 VO A 1 Ll ik 1 1 02 - . ; + : . :
g 2 4 6 8 10 0 2 LA 8 i
% /km =% /km
B9 g S HL0T I b 10
Fig.9 Simulation altitude performance Fig 10 \ Smulation boost pressure
95() ~
! 2000 Pa.
1200 -
12 ,
1150 - Y 452
~ S ey :
1100
1]
o L
= 1050 F
= 1000 - :
= 950 A 24 5
900
850 - 1) ROTA X914
R00 P (R (NN [SIN) LN, WU T 8, N [ WL U (N ) [ T |
-1 0 I 2 PB 4] 5 v 71 8 ’
f/%/km ,
e 11\ LA T 6 A B 2)
Fig. 11  Boost pressure contrast of simulation and test )
100 A g
RESRET 3)
90
80 {7 HLA ;
70
60
50 _J\/
- [1] [J]
1 , , J]. ,
3() T A?{d 3
s BAaHR 2002 ,6:57.
IO [2] BRPRotax GmbH. Maintenance manual for ROTAX En-
¢ ) L ) ) . ) gine Type 914F [ M]. Austria: BRP-Rotax GmbH ,2007.
0 2 4 6 8 [3] AVL List GmbH. AVL boost user manual [ M]. Austria:
2 g
FRaiE o AVL List GmbH 2006
12 RS R [4] ' (M-
Fig.12 B f simulati /1986
18, 14 00Sst 161’“})6‘[‘?11[11'8 contrast ol Ssimulation
[5] [M]. 2
and test 2001
[6] [M].

,1992



