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Abstract: In order to meet the development trend of aero-engine turbine cooling technology, based
on the traditional blade temperature evaluation model, an improved model suitable for internal and external
coupled turbine blades was proposed. The improved temperature evaluation model was embedded into the
engine thermal performance calculation model. And the cooling performance of the high pressure turbine

guide vane of F-16 fighter within typical flight missions and flight envelope was studied through the

%5 B H: 2021-09-22
E £ B : MEREKRHEE(2017-11-0003-0027)
YE 2 8 1Y SIER(1998—), 2o, B2, T2 BN SHIUZS R ShWL S & Vs I TS .
BAEAEE i (1964—), 2o, BT B, Tt EBNFAERGENT . & SHHUBHLER & IS BRI SH LIRS AA 5 T OB 9T
E-mail: wenjie@buaa.edu.cn
51 A A8 S BEERIRL, AR R, T, 45 T UG IR AR A it R HERR S BT (] A 3 134, 2023, 38(4): 816-829. HUANG Congeong,

XU Guogiang, WEN lJie, et al. Analysis of blade cooling performance based on improved temperature assessment model[J]. Journal of

Aerospace Power, 2023, 38(4): 816-829.



5 43

BRI AR 5T SR IR B PPAG AR Y i v AP RE AT 817

coupling analysis of aircraft and engine. Results showed that: when analyzed on the whole flight mission,

under the conditions of practical lift limit, take-off and high climb rate, the blade worked in bad thermal

environment and was prone to overheat; the blade surface temperature increased along the radial direction

and reached the maximum value at the blade tip. When analyzed in the flight envelope, the blade

temperature changed obviously with the height; the maximum temperature and thermal stress of the blade

in the high altitude region with low Mach number were the largest, and the maximum temperature of the

blade can reach 1342 K; compared with the highest cooling efficiency in flight envelope, the

comprehensive cooling efficiency in the high altitude region with low Mach number was reduced

obviously by 34.2%. When conducting sensitivity analysis of model parameters, compared with the

benchmark scheme, when the input parameters changed by the same proportion, changing the inlet

temperature of cool air had the most significant effect on blade temperature.

Keywords: temperature evaluation model; engine thermal calculation; typical flight mission;

blade surface temperature; high pressure turbine blade
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Fig. 1 Variation trend of aeroengine turbine front temperature
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Fig.2 Simulation model of engine thermodynamic system
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Fig. 3 Evaluation process of blade cooling performance under flight mission
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Fig. 4 Physical model of mixed flow turbofan
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Table2 Cycle parameters of the F-119 engine

fRsF 23 (Hzoiili\/azo) (H=1 ?Tﬁt\i:l .5)
WA S (kg/s) 126 125.52
A LT 0.3 0.298
JAUBR L 45 45
AU 3R 0.85 0.8549
JESAUE L 5.8 5.786
AR 0.86 0.8613
TAREHTR /K 1860 2011
o R IR RCR 0.87 0.875
(BIERIZE ey & 0.88 0.8845
SR A % 12 12
R 51 /% 72 72
T /% 55 55
CHLRGER KL% 1 1
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Table 3 Validation of the F-119 engine design points

it s (H=0 km. Ma=0)

SC#k[11]  3H%ME GASTURB
#HEJ1/KN 105.5 105.0 105.5
FEI%/(kg/(N-h)) 0.0837 0.086 6 0.083 6
mER I L 2.660 2.820 2.719
R RZIK 2.110 2.102 2.072
W3 T A /m? 0.244 8 0.250 1 0.2450
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Table 4 Validation of the F-119 engine off-design points

e (H=11 km. Ma=1.5)

CHRk[11]  itM{H GASTURB
#EJ1/KN 62.5 65.4 62.49
FEIH/(kg/(N'h))  0.1183 0.1127 0.1190
IR K H 2.660 2782 2711
RERFERZIK L 2.100 2.081 2.073
W1 T A /m? 0.244 8 0.2571 0.2479
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Table 6 Flight mission information

[R5 1255 B A
1 S S§=500 m, H=0 m, Ma=0.2, il }1
2 (5% H=0~10 150 m, Ma =0.83
T v e v
4 TR Ma=0.65
5 i Ma=0.45~0.85, =60 s
6 2 Ma=0.85
7 TeFt: Ma=0.87
8 AT H=13320~13 716 m, Ma=0.87
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Table 7 Calculation formula of fuel proportional coefficient

1155 Bt FE45 R R BT My,
K 0.992~0.995
eFt 1.006 5-0.032 5Ma
AL T

ZE il 0.9675
= 1 = Tay - rskc - tcpr/Wi-1
pIBERUIP 0.979°5
LI (R E T 0.997
7 AT TE T R
Gl 0.9677
TR b 1

a3 7 R R BOT A, B1ER B
i <1 LI B I R BN 1, A% S IR R
A T 1Y 7R, e M IR AL AT TE AT
AR AT 55 2 )5, S A5 045 T00 0 19 B8k i &
BnE 9 Frs o

I, AT AR 20 (20) 85 4% T 00 5 G o

=N
o Wi

i-1 W,

_ J

‘M{jw_mo (20)
-

Jj-1

1.00
095
0.90 -
0.85 —
0.80 -

SR

0.75
0.70 -

———
0.65 \

0.60

0123456 7891011121314
T B
SR RIRsYSTHES

Fig. 9 Total fuel coefficient under various conditions point
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Table 8 Required thrust under various conditions point

ERVASE 2o e S1/KN TS SN

1 122.66 12.36
2 51.48 9 1.62

3 14.41 10 2.62

4 1.77 11 55.47
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6 44 44 13 135.14
7 24.53 14 65.96
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Table 9 Parameters of the engine design point
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Table 10 Temperature evaluation model input parameters
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