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Research of variable cycle engine modeling techniques
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Abstract: The component level'model of-variable cycle-engine (VCE) was built based on
analysis of engifie structure, and with a reference to the-modeling method of two-spool-tur-
bofan engine, “The model of fan\was developed with separated characteristic of fan tip and
hub sections. The model of core drive fan stage (CDFS) model was built to work under sin-
gle bypass mode and double bypass-mode. According to the specialty of VCE, the static and
dynamic co-working/equations were set up, reflecting the variation of variable geometry com-
ponents. Therresults.of numerical simulation indicate that the VCE model enables switching
of the working"modes. In double bypass mode at low altitude and low mach number, it re-
presents higher thrust and lower specific fuel consumption just as turbofan engine, and in
single bypass mode at high altitude and high mach number, it shows higher thrust and lower
specific fuel consumption just as turbojet engine. The performance variation in simulation ac-

cords with the specialty of VCE, so the modeling method of VCE proposed is feasible.

Key words: variable cycle engine; fan model; core drive fan stage (CDFS) model;

co-working equations; mode conversion
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Fig. 1 Configuration of variable cycle engine
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Fig. 2 CDFS operating characteristics in single

and double bypass
€1 CDFS AH Xt 4 355 3 nqr, 30 115 30 0
R IGV M R o 1B T FLEE p,, s
AN B85 S mearee T PR R B A AR H
Nedfsr — (ﬂcd[s/ V T;l )/(100/ vV T;ld) (8)

Hop Ty AR E B IS4 CDFS # 10 8. B . »
e M IGV B3 o3 4 {8 7T LA CDFS ## 7 Que
eater » Tt s IGV A D 43 3] CDFS 19 3 171 #5337
H Quie FIECR . T A3 BN HE AL 00 AL E
FERZELE coi s M CDFS BEH SEBR U Q1 HLE
I Tos  EE py A AE D He 7T R 9124 50
K

QZvl = chfsr ° ng,l/v T;’l (9)
T = T [1+ (= — 1) /q ] (10)
p;5 - j')zx4 ® Tdfs (11)

Hs = Cpoa ® Q21(T2x5 - T;l) 12)
4 HEHEFRIIEARRE

e JR] AR Dy FRAE & R A 3 [) AR Y SR Al
[F] Fsf X T AR 918 B i sl B HL e fR] T AR Sy AR N e T
B PG AN RSN 60 AR TR R 0 T, i ST
ew mE, LETAEF RN A TS
VR, T IS LA 44
41 BREHBIEFRE

HR A KBS B2 55 I AR 11 8 S A, ] 5
& I3 15 )5 7

CDopt™ Do)/ Pogy = & (13)
HAT 5 py, s MR AR 5 i th B .

MM T CDES #F 11 2 B e T XUbs i
S N i 0 N o ol = S B i 157 N
CDFS. fit LA CDFS #f [ #9 3i #3222 5 12 n] G 4

(Qon + Quzt ¢ Xuw — Qu)/Qu = & (14)
Horpr X RIEAERETE TR AT IFRS B 1,
Km0 HARBUE Az RO RN
FEVABI i 1 J) 22 952 .

T FVABI 4k F CDFS 5 K< HL =22 [, ifi
CDFS 5 KA MR, Btk FVABI H B A0 i i
52451 FVABI H L CDFS 4 H i i LA KR
AHLPE LA G B LU AL E 11 3 i S
B EE

[Qsr s (1—0.2 ¢ Xeai) — Quome J/ Quome = &
a5
Ho Qs 03 CDFS H OB R &, Qo IV FE H
JEAMURAE TR Quom (ncome » eom ) THEAE H 19 R AL
HE 30 B0 5 Moo A QR R WL S5 38 X 1
o E 3 A AR B R AE FVABI BRI R
1, X/ 0. 25,
MR A8 w5 i e 0 13t i 52, ] 5| P A AR
(Xpr — Q) /Qui: = & (16)



5 43

E O RS R IR AR 957

Hodr X, MR B & R RFEAFEMZ 0 G s o)
THEA 0 TR IR e i 0 BT A S e A 8 TR IR
LI/ R ET SN AN AvE 3 N =D SR e A IR 57 N =1
JE A5 5 1 By e A B
HR A AP 0 e 2 11 3 o i 8, A 5 | S A 7 R
(Xgsr — Qs /Quse = & an
Horr X, BB ARE R RN s G s ms)
TR AR R s e D B B A, e AUREE
PR ARG, Quse AR DR E 08 48 52 1) 45 1F A
I R e i i B S A
R4l 2 145 Wk T S - L AT ] A O
(ps — Ds )/ Ds = & (18)
Horp po AR H U 3% S5 py s 1 B, p, AR
FRME 9 K.
MG CDFS, R L i s 163 56 [a] o 17 3 A2
VIESE NI O iy
(Hy, - The — He — Hua, — Heow) /
(Hugs + Heom) = & (19
Hrp H, ARG ERE IR, 5 RS ERRRL
F, Ho ARG ERE I I i, Hen 1UREAL
THAED .
R XU 55 0 308 % () At o vt A2 2y 5 17
AL G|y AR
(Hy » 3 — He— H)/(Hy + Hy) =g
(20)
Hrp HARM R D3, g (R IE R R0R.
PR L A A 3 ) A 8 vl 3K (130 >~ (200 A\
A1 7 FEAE .
4.2 FHEHREIEALE
TEZNAS T AR A8 b & Sh LA 1536 2 2 37
7 o A 2 ) 238 7 A B R R e I BE ) K/ R
G530 1 2 s AR

dN )’
—szwm—m—mﬁ@nLﬂ%H
@D
dé\iz - (Hht C M ch - Hcd{s - Hcom)/
i 2
[P% s 30] } (22)

Fo Iy R0 T 4 BIARFRAR R % 7 F1 s JR 5% - 1 5 3
5. 7] A 5 A 19 9 38 252 A R 0 P-4 SRl A2
PRIkt sl 2 e ) A O R pl 2 (D) ~ 5K (18) 75 A - iy
D5 R B (2D A (22) WA G T30 1 2 FRAR
4.3 HEVEE

PRSI B Sy AL Y R A T SR I 3 JBXU B B 11

o Qu s AU AR 5 i 2 4 B R L
X ~CDFS TR 7t « JE S AL JE . o - 199 /R
WHRTE I o AR IR R L s AR RS T 5%
BN, RS R P N, M ES RGBT
B TE I Qran s Xt s Tt » Teom » 711 Fl s AIE H S K.

5 THERARDNRBEFGERR

5.1 #it&itE

H T BUA R AR 6 28 A st LA e s =K S LA
TS A7 TE 3K LA 78 Ak DR O 5 2 43 ) 1 54
XA 5 AN AR 20T B . KU I AR AR S
I QR P 7E B A KUBS R Bl 1 2 2% [ A1 SCRik R
4y 3K45% , CDFS ¢t 2 2% [ Py 40 Scik A 200 i
AR SN He AL R e 0 8 RIS He 308 46 1) e
30 o AL D AR B . XoF B AR SO i B & sl AL 1
P P B 0 O e BT L SR LA R RE i IR
B0, DABETE S A 0 eh T I i e A R L v
T 2 A T A 57 T 3K (19) TR SR 1 2 57 f
T2 (20) H [F) i 5 25 05 0 480 3R BUPE A R AR X
T B VB . 2682 28 B0(E T 345 210 0% 1 F s =X
TR RS R 1R,

x1 _TERARHPIEITRSH

Table 1 Design parameters of variable cycle engine

Wit S8 MO SRR
1= B /km 0 0
AR 0 0
23 kg 121.5 121.5
A H 3.3022 3.3022
AW R &S 0. 82 0.82
CDFS 4 JE L. 1.6621 1.2323
CDFS 3 % 0. 88 0. 88
FEAHLE I 6.4928 7.6353
FEA LR 0. 88 0. 88
A TR B /K 1838. 04 1638.99
i JE R4S 7 R L 5.6514 6.8867
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IR 3 46 7 R L 2.3699 1.8142
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TR JE L 0.8155 0.0574
R i A/ (kg /h) 1.5732 1.9822
R R/(kg /(N+h)  0.07484 0. 09309
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Table 2 Performance of double bypass mode
R /km SR AR 2 3 0 e ke K3 i it/ (kg /h) FEMR/(kg/(N - h)  RiEL  #EH/N
8 1.1 0.995 1. 151 0.1095 0. 815 38613.4
9 1.1 1.017 1.022 0.1071 0. 816 34954, 1
10 1.1 1.023 0.968 0.1054 0.819 31028.9
10 1.3 0.962 1.017 0.1235 0. 806 29653. 6
10 1.5 0.918 1. 037 0.1394 0.795 26780. 1
10 1.7 0. 884 1.019 0.1596 0.789 22981.1
10 1.9 0. 851 0.946 0.1894 0.779 17983. 3
10 2.1 0.796 0.903 0.2347 0.764 14853.5
10 2.3 0.753 0.873 0.3019 05751 11764. 8
12 2.3 0.771 0.711 02815 07739 10412.5
14 2.3 0.794 0.520 0.2789 0:729 9092. 8
x3 TEIBEHNBIINEEXEEESE
Table 3 ~Performance.of single bypass mode

R km o TR IRERCRMOMPE MR G/ REWR/O/(N-h) W /N
8 1.1 0. 981 1.538 0.1238 0.0574 45909. 5
9 1.1 1. 006 1.412 0.1213 0.0574 42495. 2
10 1.1 1.018 1. 318 0.1190 0.0574 39795.7
10 1.3 0. 964 1. 404 0.1263 0.0574 40038. 4
10 1.5 0.907 1. 391 0.1376 0.0574 36406. 1
10 1.7 0.875 1. 258 0.1544 0.0574 29310.8
10 1.9 0. 850 1.123 0.1761 0.0574 22953.7
10 2.1 0.823 1.099 0.2066 0.0574 19241.6
10 2.3 0.779 1. 047 0.2619 0.0574 14389.4
12 2.3 0.793 0. 873 0.2399 0.0574 13094.9
14 2.3 0. 811 0. 640 0.2368 0.0574 11608.9
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