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Study of compression ratio distribution in two-stage series
turbocharged aircraft piston engine
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Abstract: A calibrated simulation model was created in this research and the accuracy
and applicability was verified by experiment. This model was used to match the appropriate
turbochargers and explore how the diverse pressure ratio distribution affects the engine per-
formance on the whole operating range considering the efficacy of the intercooler and pres-
sure loss in inlet. Based on the objective of minimizing the energy consumption of turbo-
charging compressors, series of theories were revealed about how to distribute the pressure
ratio between two turbochargers, and a matching method was got to optimize the pressure
ratio distribution on a certain two-stage turbocharged aircraft piston engine by virtue of re-
search. Results showed the turbochargers had high efficiency under all working condition
and kept 7% away from the dangerous margin via the method. This also provided a founda-
tion for further study on the safety of the two-stage turbocharged aircraft piston engine at

service ceiling.

Key words: aircraft piston engine; two-stage turbocharging; series;

pressure ratio distribution; matching

I 75 B #A :2016-10-12
HEETB iP5 54 (2013ZB51018)
TEE BN R (1962—) 3 5082 . TS N MADLIR 5 18 R TF 5% .

S| AR A 5 AR 4. A I 26 & S ML R I T R LA B g D). A 3 1 2# 4R, 2018,33(4) 1 769-775. XU Bin,

ZHENG Jia, YANG Shichun,et al. Study of compression ratio distribution in two-stage series turbocharged aircraft piston
engine[ J]. Journal of Aerospace Power,2018,33(4):769-775.



770 i o= 3

9T BT R ML THRR . AT AL S T E A
ShHLZ R T H I 0 R A B I TR R R
G0 L2 S TR DC O R B L RS
BL A IR A GEAE T 46 D ¥ 2) 73 BE IS T 9 A8 B9 6 s 4
Ty ge/IN A5 I TR 1R 2 A PR3 U B )
RGOS HLIE I LA R s SE PRt 20 R - R IR A
Ak 25 R R A2 ) B B AR R R A LS B L O T
PRAE T 47 D)5 B3 B0 LA R 23035 2 s pL R o3 4 1k
RE » U35 B I 1o TR R LG 43 e L 81 Ry 6 5 4
FEHARVE BE i 72 rp s (ORE IR HE 23 B2 380 3 {52 A
GG 1 i T A RATE R L i 4 A AR LA K
PEAUE I o 2 Bt A S PIL T B0 T 2078 AR
o T G LR IR 25 % A A8 A o AR I AR
DR AL LG43 BE W] LA 9 K S ALPERE L $2 i RAL
(4 4 TR

M TG — 2% 3% T 9 D IC K T 07 35 A7 o3 ) DR IS
e g5 A AR AR T I A TR L A3
P AN TR Y & sh AL T 00 ) DA B 4 DA TR b £ i 5 3
(IR FE A B o A 2s g O IR K R
O T P9 R A T g o PR E AR AN TR T IR
AR WS HAR RS HifE RS RE €7
o JE AR L T HE T 56 T 243 T ML AT B 85 73 i1
Wil %E . A H AT T O TR A A A S LT
B BRI A IR Ty BB e (. R
3 e B i F AR 22 O 3 5 19 D 1R (A
R o o 42 0 TRAIL 22 4 ik SR i e 1 Ty 52
AR

AR SCR AT EE ST 60 7 1 - DA AUR A 08 B
FIbR T 3 ik i AR 2 TR UL SR 2 e /b S L Ak H
bi W FEAEAN ) QAT o B L R[] T 00 I 488 T 4% 19 A
TR Ll 23 BE ML B 52 i TR 3R B s
FE IR He o BC 7 S8 0 07k o S 86 R A ek 2D B A
R o AR AR 14 () I (AT 2 0 TR AR 38 17 il 4R
B IERR I B i TRAT SR iR R R s AT R e E

1 ZRFERBEIMFTRE

AR SCHE I & S HL Ry 4 KSR B AR K
¥ Sk WA B B R IR A R AR . RS
k1.

3 X6 A L 2 SR S50 BN L 6 I 7 AR
R IE RN . & S HIL Y T 2% HAR LA T N 1
KR 75 5056 H00E I KR 2208 500, 7E SR VF T
LN . BRI IF T 2 2 % SCk[9-10],

g% M 5033 %
Rl EFNEESH
Table 1 Engine main parameters
i Bl K e
i/ mm 61
Hr 42 /mm 79.5
SRR 1-4-2-3
WE IR/ kW 73.5
U e L/ (r/min) 5500
HRIGHHAE /(N » m) 142
&/ cm? 1211
JE4 He 9:1
HEFT A /mm 106
TR /m 5000
B r % e 1t

TEJE LA B S 1 R e a8 M IR e R A
REHL B AR B G e 1 R, BT AR BRI )
HWERGME 1R, K, (HD KD RS0
RN A TR R W Ya o 1.2 ~2.9(HD,
1.2~ 3. 1 (L), I & i & 98 [ 3 5 4 0. 030 ~
0. 159kg/s(H) ,0. 030~0. 280kg/s (L), {jj BELf
AN 2 s

I |

R 5 Y

R T2

e

{Vf 20 553

Bl BR_HGEERGERE

Fig.1 Schematic diagram of series two-stage

turbocharging system

55 M0 1R AR A A R P e R R
=R U NER AP NI

TEZZ G AR % IR A A8 i g T 44 55
1 1 4% 1] I 48 e T 0 T A8 4 13 O R MR T 2
T A TR B0 AR R A8 R S B R 1
D 85 RE A PR FE R B9 2 T L T B R L
R 20 3 I B4 5 R SOAR O A iy T 2 5% 1



543 TR KA TS 2E R S AL ER OB T g T T LE r FEBE S 771

$
;
. r
= [ o e e eree (3] =

K2y HARUR & A

Fig. 2 Schematic diagram of the simulation model
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Fig.4 Pipeline pressure drop vs. gas state parameter
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Fig. 5 Variation of turbocharger total power
consumption with rotational speed in different

operating conditions
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