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Abstract: A short-tube total pressure probe with an enhanced heat transfer structure was proposed.
The multi-physical numerical simulation model of the probe was established. Based on the numerical
simulation and the improved Particle Swarm Algorithm, a joint approach was proposed to optimize the
probe’s structure. A hybrid grid generation technology was utilized to reduce the number of meshes. The
normal distribution was employed to initialize the particle’s position. The social adjustment weight and the
neighbor fraction were increased to improve the optimization efficiency of the algorithm. The simulation
results showed that the number of grid vertices was reduced by 47%, and the iteration of optimization was
reduced by 37%; the optimization efficiency was improved. The optimized total pressure probe satisfied

the temperature constraints with the short length and the light mass.
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Fig. 1 Typical structure of small bypass ratio turbofan engine
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P 0 I A E T N B s T . LA i A
o), AR A% g TR R 7, AR 45 R T B
JE 1R B SR, SR AR 210 vl B R )
I3 e U-TE R AR T R Oy E A A, 4
E 1A I R RS IS SR AR AT AR ]
PRI 73 A o A S5 TR I S A5 Y B S AL A P
JoT R TR BE U B, TR ] T IR A
BRI T AR RS . — 7 I, ARSI AR
R ff A5 ) T RE R 7 L 4 PR A i A5 0 LS, O
B HAL Y S RN B RS K
BT A% 3 2 o RARE Y T A% B, AR RO
TP 00 B8 53 A o 53— T, AR %) L
o3, G B RUE T, PR B S IR
EAME R 45 A, SR TR R AR g,
W E EEIAE . JEE R R S TR
By R B T] A AT 2, el A SO TR B R s g L R
—FEBE L B TS Ak, R T i RE A DL T v
HAL,

K 2 S 500 A A T L AL R S 25 F B
B B R AR TR 2 i 3 7 H A LA TR
PSO Bk, H B A A0S Y 338 5 K | S ik It
4, 3 UL . SRR BB BT RE BT 5 5
FEREF JUT B RS S5 40 52 2 B2 BE | BT SR gk PR A8 17
B SR it 5 A 22 DR R A O, o A% 1y 45
P RIS 2 5 e 5 PSS DU 7R SR ik Bsf [i] RS 2 )
KEHREZ—,

D % & A 3 5 14 B0 77 % (computational flu-
id dynamics, CFD) H % I8 — & #LE40 A1 T
B AR A, Bl R AR 0 b i i O
T2 T Bl 1 s Ry B B ARBOE =X, AR ik 7 2
SRStk (5] R AR B B AREIO T RR AL R SR i, 4%
KARFNTE RGBS, PR 73 S5 1 AL &
FEEZE AL AR 22 {5 2 R S TH AR BT, 2
TR 5y =4 2s (8], PR Az pE B B it
SAEIT . AH R M VS EL AR, 2 TR
OBy JUART 2854 o Al 45 K8 £k I k& 22 S 0 T A B 5,

FE T R 3 1) = 24 235 (1R A B 5 - b Ak B AS 19 00
52 Z JUART S5 A 2324 B A7 7F 25 18] v o 4% 38
FERBCEAE, BE K, TR TR AR IR 2 | FERT
A m]

h T B AR AR, AR SCEE G R RS A
R, R R A R S5 R T 23 T 4 T 7 1 = G A
A%, T BRI 9 TG 56 A ) R 2 0 s
I 5 B UCBUE R A FE T o R4 A JE AR L 7
YR 52 2 B TR 45 R e K Y B R AR
B AL SR IS5 46 Ak I A%, ZERRE Z A9 8 ANk T
FHLE R FHAE 25 F AL S, X B o3 B A [5] I A% 2
BON 545 5 DL R TSR AG I (0 52 0], 358 BB A2 1Y)
6 TG KM FLFE R 9 WA R o S0, A Rl o 2
BnE 6 B

aa

B
W

SEF AL RAS

%) T “
b

R
%:gf*‘é‘#‘ 50 -

K6 SURIREHRS PSR (B mm)
Fig. 6 Hybrid grid of the total pressure probe (unit: mm)

3 RESRHEMSSHBERLTIE

3.1 SR EIER
BT AS K S s T L SR R 4 ) A BR

FA AR A, PR 0 JoT i R R W S /DN, [R] s A
S A TAT B ) IR I il F s 7 FURR ST A 1 T i PR
i, R MR 4 R e Ak AT 4 34y
min f; (x)

(D
g (X)<0 i=1,234

s.t.

M



VAN S 1

38 %

2876 = B
x= [so,s,él,dz,ng,n] 2)
L T g
fi(x) =k1m(x> +hky—% +ksks, {ﬁ—l}
my 280 d
(3)
81 (x) = 61 )

& (x) = (=1 s+so+nd, — Ly, )

g (x) =xp—x

g:(x) =x—xy
K rhx R fb 2 80m &, f (O B b5 ok 5L
g CORAIRIRAT, n IR AEL m iR i,
my Fl Lo HIH—SH, T, #0H B IR EE, T, F1
T, 53901 Ry i 3 U TT AR 1500 AR IR 32 R0 85 i T
ZR L, WL Ty<T, xi Mg, 73 0 J2x 1Y T 50 |
Bk ey R by R BB WAL ktHoth=1, ky A
51k 25 it 2

T, 2
k31(7—1) -1 (5)

d

X (3) AT, HAr ek f Gom AR B &E .
K R AE B A TR T SR A = IR . i R
A FH 2 (A5 A I /N R B i, 3 = 245
TR G H2 3 s 1 T AR Ty it 4
T<T,, {545 1 BB T AR B 2 /N T ey
B 2o, BEEL AT — o R AR B, g R T
e TAEAERC i B, A B T R B, AR
SIS R I HE A 0 AE 0 R, B e TR DU R
AF 5 38 5 R A 3 S A R IO I8 B [ T oK Y
MALEE R . AR &g, (oOFilg, QoM FARIERE!
SEF A B, g3 ol gy Qo TARE D A 45 57 Y
ARtk
32 BREMHAE

EEx =0 (D) Bm AR AR IR, 2 3 T (A
P RLFT PSO Sk 19 2 S50k A LAk I vk, FILH
SRR BT 22 0 3 BB A U TRORS i oK f T, )
FHEGHE PSO F 48 R AT f o/, Hil 22y
R (4) S Hx

Ak B PSO IR A0 Bk i 2 22 J5 A
77 10 : OFE BB TH 25 F 25 A AR R R
O R SR v ) — S8 B AL T AR — D B, X
A5 A% G A T4 B 1) e 0 A AN P2 HH T Ik
Ak ) i @A RE AR AL 53 b I F e )12 1Y

A1 PSO Bk P20 g A Bk 7L B BB kY

RS R ELP . JHrh PSO S R S
BB R P — P TR R R R

ik, 5HANE Re LA L, B BA R OF
e vk, AR | Rl R ie ok
SRR L, HOE A T A SO B Al Rt

BT RUE BRI PSO 531 19 2 S8R5 1
I IE 7 7 o

R —

—_——

- FARHIAR
- FUABHIEER > RTRRRR

> RIS 5L

K7 e TR T RER S B S DL T R AR
Fig. 7 Process of joint optimization method of numerical

calculation and PSO

3.3 it PSO &k

9T SR A AL TR B AR A4 R R fiE
J1, AR B A B 18 N AR PSO 5k, IF
R ART kLR L PR AR 2R S R
N7 AR LB, Btk PSO Y Jy i i K

T, SRR R TR . SR AR s U
AR x, XoF Eb 3B ot T 40H B PITRLEE T, BREH
HARKENEmN ., 25RR T, FLEBR TR
SRR . fE— BN, iR AN R, SR
dy FIARETTEAMIR N BE L, S5 58 I 23R AR T, &
ZEEE, T, A FREAR, i s T, &A%
B —H SN xo, VLE L, Pxpflx, BT
B, Fi RO RLIE 28 43 A0 A W a6 ok BF L H AR
(EES Y MiOE IR Gy TR

Hoyk, vt HE R 4RI PSO Bk . Mk oA
iR AR (4) g, (OB HE g, CORF, FRE IR
RIS A 21, o S B AR T
PRI I, 33 9 A 249 S 2 Ak R A ST o, R X H
s bR AR
filx) g<03tH g=<0

1. g >08# g,>0

KPR —BEFE, B> fi (k) Ak B
(D) ek N

f(x ={ (6)



%12 1 RARTES: LS KbLah s BRIRE 45T 5 itk 2877
{ min f(x) N SEEBRL T x5 AN, IR B BR 2, A FiRaT
st. g(x)<0 i=34

W SR A DR e U B AR B £ L BRI RIS~ GOy
FAXAEAL /N T REUCA 2o oo

BExT kot 5 B AL R (7)), PSO B kL 1
CiBoXe )

v=Wv+yu (p—x) +yu, (g—x) (8

xX=x+v (9

A kL7 B, WO 1, v AR 1Y
EEME, uy L w, IAT(0,1) 53 A I BEALEL, p R
B0 H B de i H bR o8BI AL, g(S) N
KL i SBIK S N IR B AR ek BT XTI 7, v,k
ISR NS e R A A R R = 9T B ER A B ]
VTR FY, yo A 2% ) X7, AR 1] &
iy S e A A A i i R A, A ) Ry Fily,
VA5 PSO FLE R R 52 RIRREE S . My,
(BB, Ja 45 R A B , A A T RE B

WAL, R AR R I, RIS K /h2s H 3l B
Mo AR AR o B, Yok R Y SR B bR R (o)
ANFEE /N, 8RB S, 38 ks 1 R A48 K g
J1o FEMIE L 35 88 191 & PR AR S AL

FE T HUE AL RS PSO L B A& SR
TS5 Z 28RS AP TR BT

FB1 RIER(2) 4 E S S Hix;

T2 ETHE 2 EBUE BB R R
fi# T, T ms

SE3 m(6) I B sREf (o

R4 RIEL(9) T

HES  FIME A SR, AW, 0

e, Bl RSO T

4 HEESVHOMEZERE
wit5HHK
4.1 ESHHOBERS YR HEEEER
544

P 7 T B st ML — 2 1) R 2 1k 3 A A A
THEASEUARTR ©AT SRR ShHL T B0 R A <L
H1 T T T (B 1 R AR 3) AN AR A N S R
AL HE AR A X A AT (PR 1 R B 13)
R WMSE, R 1 i, #h VB, PR
B, T, MR, TFR 3 F 13 20 53R Bk .
MR AT LA RS DR T, B, s
JE 5 F 7 ny o =1.0, D5 Ma=1.6, €17 & &
H=8 km i} fiz 7, Bl 7,,=982.2 K, A 5 £e ik it h
U] A e 5 0 45 1 0 B RO AR s PR AR o

X B R 4 PR BB BB AR RL, Y A i
HEH T R g 1 TR R R L R R R
(Ts3\ Vi Tass Viss Pan Pslg), %&{E*ﬁ?uEP%ETW
AR S BEET BETE . MR AR S LI BRE
B T 55 AL IR ) SRR P, JH Al 48 T &k A AR AT 0
s, PR R 4 G AR

1 b BA SRR L, 1 R AR g5 R 1k
WA, Zoadk A% TG M IE 5, 4 B BEHL 4.8 x 10°%,
8.3 x 10*, 18.5 x 10* 1 65 x 10* /> P AR 45 s 440461
AU, 15 2| B #OI B 1T YU 5300 663.4. 651.5,
661.8 K Fil 661.2 K. 45 5 & W M 4% 57 2 20
18.5 x 10* [y ifit B2 156 5 W A% 5 S8 65 x 10
{18 ek B TSR A R i 25 R 0.09%. 5 TR TR E

®1 ARTREMZFIRETHEE 3 FIEHE 13 WSREH

Table 1 Flow parameters of section 3 and section 13 under different flight conditions and engine conditions

M cor Ma H/km T,/K Pay/Pa Vis/(m/s) T/K po/Pa ¥,/ (m/s)
1.0 0 0 463.1 4.1x10° 54.6 805.4 2.6 x 10° 76.1
1.0 0.2 0 466.8 42x10° 54.7 811.5 2.6 10° 76.4
1.0 1.6 16 5273 1.7x10° 56.2 907.7 1.1x10° 80.5

0.90 0 0 402.8 2.7x10° 753 688.9 1.6 x 10° 72.0

0.90 0.2 0 406.1 2.7x10° 75.4 694.2 1.6 x 10° 722

0.90 1.6 16 458.3 1.1x10° 78.4 7772 6.5% 10° 76.2

0.80 0 0 3522 1.7x 10° 102.3 579.2 8.9x10° 68.2

0.80 1.6 16 400.6 6.9 x 10* 107.5 654.8 3.7% 10° 724
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Table 2 Grid parameters of different internal and external grid partitions

W% S 4L s gt
Fe5
L pra/mMm L gnin/mm max n,/10° nJ10° n/10°
1 53 11.2 1.4 1.27 3.76 8.8
2 20.9 6.42 1.25 1.5 52 10
3 10.8 3.21 1.15 2.1 8.5 14
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Table 3 Grid parameters of different total pressure probe grid partitions
o JLINE A% 2 40/mm R A A% S /mm A S s
ia=
Le‘max Le,min Le,max Le,min n\,/105 ne/los n#lOS
4 2 1.5 0.6 0.4 0.89 2.6 6.2
5 1.5 1 0.5 0.3 0.98 2.8 6.9
6 1 0.5 0.4 0.2 1.3 3.8 8.8
7 0.5 0.3 0.3 0.1 1.8 52 13
F4 TRBERFTMEINS THREEMER
Table 4 Simulation results of different total pressure probe grid partitions
TJK t/min
J_‘?%‘ b e b b e b
BOUZEA 1 BN 2 BN PHE BOUZsA 1 BN 2 BN 3 PHE
4 678.50 677.31 678.83 678.21 30 33 33 32
5 657.82 658.64 656.43 657.63 36 37 35 36
6 657.12 656.32 659.42 657.62 54 55 59 56
7 656.38 658.25 654.12 656.25 83 82 81 82
T DD 47%, R T VR 7 2 P
? J mean> B 5
FEITE, 4 5 L R 6 4 L R B T R 20kt ~=0 = fa PRIEPSOSE

15 it

42 ESHHORERSTEHMEL £ ‘
BEHL mg=5.1, L,,=16.5, T=650, x,=[1.0, 1.0, 10
0.4, 4.0, 10.0, 1.0], x,,=[5.0, 5.0, 2.0, 20.0, 30.0, 5.0], 5t
| B o0t v Mressccccosoos 0 oegoco

k=1/6, k,=1/2, k;=1/3, x,=[3.2, 4.2, 0.5, 6.8, 16.5, 2], 0 0 20 30 40 50
ny =10, oy =0.001, y, = 1.5, y, =2, ke = 0.4, K5 A
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Fig. 10  Optimal objective function of particle

swarm optimization

swarm optimization
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Teimp<Trm, ML m'=5,

B 25 AR B B kL T8 TR S, T ek
HEPSO Btk ik 7 . KB 018 ik B
VR AL SHL X0, 55 25 RN B S 8w, o X
A 0 £ 55 10 ARLAKES 25 R LA ), X = AR
AL XTI (1) T o P43 TR RE T AR Ty
50 A mEE K, LB/, 3R W] PSO Bk i ¥ n
Joli 5 ¥ A 38 i S R AR R o 2B 10 R L3R
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Table S Statistics of optimal particle parameters of each iteration of improved PSO
AR B so/mm s/mm &/mm dy/mm n Lzg/mm mlg T./K
0 32 42 0.5 13.7 2 16.5 5.1 653.8
5 3.7 44 0.7 11.4 2 16.7 5.1 652.4
10 2.5 4.8 0.6 12.7 2 18.8 4.4 646.9
15 1.0 5.0 0.4 8.0 1 16.5 4.6 657.2
25 1.0 44 0.5 11.7 3 16.3 5.0 649.5

IR T 0.1 g, FeE g T (T5=982.2 K) T & 4]
Ui R 0A B IR T /D 4.3 Ko T BCA ik o7 i
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v, = 1.5, HAth 05 B 5 otk PSO Bk M . ik
AR i P frnean AR PRI RE 2 I AR I 10 FIET 11 7,
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