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Modeling of a STOVL Propulsion System with a Lift Fan
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System, Nanjing 210016, China)

Abstract: In allusion to the blank of domestic research of combining contra lift fan with STOVL’s propul-
sion system’ s modeling, this text built the component level real-time mathematical model of a STOVL’s propul-
sion system with contra lift fan and common lift fan respectively and contrasted them. In order to decrease drag, a
suitable drag coefficient as 0.0470 was chosen to the lift fan’s inlet by the interpolation. In order to satisfy the ac-
curacy of fan’ s off—design points’ characteristics, elementary stage theory was introduced to iteratively design
and compute the fan’s blades at the same time. This text specially applied assist—thrust correction factor (k) to
design the contra fan, with this way, their thrusts equal and shaft power’s deviation is only 0.0265. Further dy-
namic simulation shows that contra lift fan’s thrust and shaft power are a little larger on off-design points because
of the characteristics’ differences. On account of the coupling between lift fan and engine, engine will adjust its
rotational speed to attempt to reduce the effect of lift fans” differences.
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Fig. 1 Formation of additional resistance
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Fig.2 Elementary stage of common lift fan and velocity

triangle

TEH FURR IE % TARRZS T, ml DU B a8 U
A M R Bt oy W s w, W B=8,
o, =B, =B, o ¥ T HE OB LN SO A S HE 0T
FB I T = o, o FOMLRUR 2% HE Y 100 A A AN
ES =N

a,;=B,=0 @, =B,=By

o =a, Bi=B.

=0y, B2=PBu (5)
==, o, =B,=By

o, =B,=a, o,=B.,=0

A b RN A AR o R 3 = 25K
fif, 1 C, 27 Hil o) S B2 B

“=tana, +tanf,, (6)

o

ﬂ=talnozzv,i+tan,32 (7)

XS B AT o B o A B 4 BOIRZS R
P 0 e R IR s 2 R X
C;’

T2*=T2+2—CP (8)

AR 5 S 0 2O, p,AC,=p,AC, L LA

9

R RS 0% R ()2 R
AC, Y e .
I LS T = TR

C=—Co | MR (D) ME Y

cos a,

(9)

TzT(ﬁgj +—Ca
AU X ) A AT 378 A
C.(T, -T)H=U(C, tana, - C,, tan ;) (10)
Zr G (7),(9),(10) , g7 Jr B4, v fig i oy 72
HIBYRRET, . C, s o, o KAICRHRAZESKC,
FHARA R (9) B T,
C,)""+a,C, "+a,=0 (11)
RS G E )
a,=—U*-2C Utan o, +2C, T, )cos’ 3, (12)

2
2C, cos’a,

y-1
a,=2C,T, " coszﬂz(CXA]] (13)

2

LT M, # T Al E AR U=0, K #T
AR T, IR ARSI TR T SRR, PR
AR 2 PORZE T 5 R R SR R T7 AR R L 7,

y-1

7’('7-_1)=7T7 -1 (14)
S w%ﬁ;ﬂm%,mﬂ_aﬂng%‘ n

e 1 b TR ST RE o AR KU AR T BT RUIRAS



688 e Pt

2018 4

B, =1,
Xt R Bt H M T A 3R T R R = A R 0 A

3TN o
aNa

G

Fig. 3 Elementary stage of contra lift fan and velocity
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Table 1 Design parameters of lift fan system

Parameter Value
H/m, Ma 0,0
T, /K 288.15
Do /kPa 101.325
T isten 0.99
T e 0.98
B./0) 62
Qul(kgfs) 1773.5
R/m 1.84
n,,/(r/min) 2576
P, /kW 20883.67
Fy/N 193857.95
Ty 2.2
Num,,.. 33
R,/R, 0.3
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Table 2 Airflow parameters of common lift fan on design

point
Parameters Sec 1 Sec 2 Sec 3 Sec 4
/(%) 20.00 64.97 0
BIC) 62.76 30.00 64.97 0
C./(m/s) 150.96 128.05 128.52
Cl(m/s) 160.65 302.69 128.52
Ul(mls) 348.20 0
p'/kPa 101.33 229.97 229.97
T'/K 288.15 363.99 363.99
p/kPa 86.32 143.72 212.24
T/K 275.16 318.41 355.78
n 1 1

1 1 1 1 1 1 1 1 1
1200 1500 1800 2100 2400
Qf. cr

Fig. 4 Pressure ratio characteristics of common lift fan
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Table 3 Contrast between common lift fan model and

design requirements

Parameters  Common lift fan Request Error (£)
Ot 1771.7 1771.7 0
n/(r/min) 2576 2576 0

T 2.29 22 0.0409
F/N 193857.95 193857.95 0

P/kW 20344.06 20883.67 0.0265
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Table 4 Airflow parameters of contra lift fan on design

point

Parameters Sec 1 Sec 2 Sec 3 Sec 4
al(%) 20.00 64.97 11.61
BIO) 62.76 30.00 74.06 60.00
C,/(m/s) 150.96 128.05 89.86
Cl(m/s) 160.65 302.69 91.74

Ul(m/s) 348.20 174.1
p /kPa 101.33 229.97 363.03
T'/K 288.15 363.99 414.71
plkPa 86.32 143.72 350.31
T/K 275.16 318.41 410.52
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Fig. 6 Pressure ratio characteristics of contra lift fan

Table 5 Contrast between contra lift fan and non-contra

one
Parameters Non—contra fan Contra fan
Qs 1771.7 1212.1
n/(t/min) 2576 3114 1557
T 2.29 3.5828
F/N 193857.95 193857.95
P/kW 20344.06 21422.98
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Table 6 Contrast between engine model and design

requirements
Parameters Engine model Request Error (£)
Him, Ma 0,0 0,0 0
Wy /(kg/s) 4.551 4.540 0.0024
Ay/m 0.336 0.340 0.0118
T fan 4.966 4.966 0
T 6.42 6.40 0
T, 2.835 2.825 0
U 0.8929 0.9000 0.0079
m 0.9019 0.9100 0.0089
F,/N 158306 154500 0.0246
T, 2126.70 2088.89 0.0181
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