55 36 & 5 10 1 M= HFEW Vol.36 No. 10
2021 4F 10 H Journal of Aerospace Power Oct. 2021

X EHE :1000-8055(2021)10-2061-11 doi: 10. 13224/j. cnki. jasp. 20210147

E T Hankel (R X HERES
IS FE i i BY B i

A, EFR, KMEF?
(1. ViR AR %Eﬁ%ﬁq B2 BE, B 610039;
2. PEZE SRS IS kR EE S K s T, I 4B 621000)

] B EF XAt I R R B TR G R B SR AR TR O BB FE R AE ) aX — ) BB, WF 5 T A& F Hankel
W 1) 2 48 BRI 0 I BE A 1 T Hankel [41% 25 6 1E B9 Rl Hankel 4 &5 B Mt % 2 10 T A5 28 1 b e
T35 F T D B S AT ST R A oA R e IR A T ORRE T AE A L i e g
AR - B TR D SO AR L 0 2 B e S A BSOS S — R SR I (AR AN R ) AR IR AN T
1M 1% 4 Hankel B4 J50 0 455 50 (%) 350K BE S 76. 69 % , Hankel F4 15 22 15 TE A B0 R Hankel B4 B 254015 22 14 1F AR R
B TN A BE 43591 S 85. 6926 Tl 89. 25%6 , R =2 A% St Jy i UM RE FE 43 i H e 1 996 FIN12. 56 %, S G IR B AR
UK AT 6 2 S T RS 1 5 VR A [ SR I T — R R A R R B e AT — e S PR AR R S

X B O POLIMMEE; IRE; IMBUREE; Hankel B T 45

FESES: V19 XEAREM: A

Improved prediction model of gray and thickness of fluorescent oil
film based on Hankel' matrix

QIAN Hongjiang', DONG Xiucheng', ZHANG Zhengyu®
(1. School of Electrical Engineering and Electronic Information,
Xihua University, Chengdu 610039, China;
2. High Speed Aerodynamics Institute,
China Aerodynamics Research and'Development Center, Mianyang Sichuan 621000, China)

Abstract: In order to solve the problem of tedious and time-consuming data collection meth-
ods forthe relationship between gray and thickness of fluorescent oil film, the system identifica-
tion algorithm of Hankel matrix was studied, and two improved methods such as Hankel array er-
ror correction model and Hankel array high order iterative error correction model were proposed
accordingly, which can‘achieve the prediction of the remaining unknown fluorescent oil film thick-
ness values by using a very small amount of data to build the models. The prediction of the re-

maining unknown fluorescent oil film thickness values was achieved with high accuracy. The test
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results showed that the interpolation capability of the interpolation method seemed not applicable

in the particular context of modelling a very small amount of data to predict data points outside

that amount of data, while the prediction accuracy of the traditional Hankel array prediction mod-

el was 76.69%; the Hankel array error correction model and the Hankel array high order itera-

tive error correction model had a prediction accuracy of 85.69% and 89.25%, respectively,
9% and 12.56 % higher than those of the traditional method. This has provided a feasible techni-

cal route for modelling the gray and thickness of fluorescent oil film in the field of fluorescent oil

flow technology with certain practical engineering application significance.

Key words: fluorescent oil film; gray; oil film thickness; Hankel matrix;
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Table 1 Fluorescence oil film gray-thickness test data

] LY/ VAES TH A5 P2 AL/ e
1 76 77.986 73
2 72 64.712 39
3 68 47.566 37
4 64 38.163 72
5 60 29.827 26
6 56 24.889 38
7 52 19.911 50
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14 24 3.871 681
15 20 2.765 487
16 16 2.212 389
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Table 2 Fluorescence oil film gray-thickness

modeling data

5 THIAE K 216/ 1R 5 TH IR S/ pm
1* 100 301.9912
2% 96 235.619 5
3% 92 178.097 3
4x 88 142.146 0
5% 84 117.256 6
6% 80 96. 238 90

WS Z B R R AR 38.712 89 pum /1R & ;
FERAE SR AR YR S TS IR B A 320 pm 22 AT
SERERR IR B T AR, B ORI K MOR SR
1 f5e KOS B 300 pm 22 47, HR AR ST o A7 1
2 BRI R B ST IR . LR 2 b i A i
i 7 7 47 7B 50 0 Hankel [R50, %6 26 1 o fi il
TR CHE HE AT T 53 B, 56 UE S 1 AT AT

3 3t iH R T AR BY 3 E

3.1 RERBRKIE

AR YRR 5 R — 6 4 DX 4 (B R 43 23 1B
PHEAT TR R, R 25 SRt A an 5 9 R, i)
FLW A H— o0 4 DX A 12 A 4 Ud I e 3R 2
rh A D B ECHE A O HEAT AN T B RN
T8, LR DR A T A A e R /D T LA 3R B
it 1) e i B, T A A ity 2 A O S i I R
P4k 25 BTk  fEARZ — e (b, A g
IR — oo 2 XA 2 5 & o X AdE kR A T
B K B i AR DB RS O T B A



2068 it =

&
g
b
#
o

300

gl 00 = Ve e
.l — T A
150 — A
. L
E 100
i 50
w0
%7m
T —-100
-150
-200
st
20 28 36 44 52 60 68 76
IKBEAENGZR
P9 (i vk T3
Fig.9 Interpolation prediction
AiE .

3.2 Hankel P& i i 4 8 3§ 4iF
3.2.1 {&4: Hankel [ 15 I 455 750 36 40F

i 3% 2 h iy /b 5 BCHE A 3E Hankel B, 38 14K
1 Ry A 0 5O LR 50 Y00 S RN B, A% 3 R
TR AR Y G X (20) s, T 4 SR R 2k 3
Jrs RS R o A, %A% Gt Hankel FE AU 1) i
W% 224 23.31% , RIFIIAE B R 76.69 %0 .

%3 545 Hankel B 70430 R 41 47
Table 3 Traditional Hankel matrix model predicts the

resulting data

i 1K 13 Tl IR 32/ e 4 X5 2

H/BE R o900 1 {6/ pm
1 76 77.986 73 76.563 5 1.4232
2 72 64.712 39 61.2376 3.474 8
3 68 47:566 37 49,3116 1.7452
4 64 38.16372 39.828 3 1.664 6
5 60 29.82726 132.1128 2.2455
6 56 24.889 387 25.8437 0.954 3
7 52 19.911 50 20.799 6 0.8881
8 48 15.486 73 16.753 3 1.266 6
9 44 12.168 14 13.4976 1.329 5
10 40 9.402 654 10.8721 1.4694
11 36 7.190266  8.7556 1.5653
12 32 5.530 973 7.0513 1.520 3
13 28 4.424 779 536 793 1.2545
14 24 3.871681  4.5743 0.702 6
15 20 2.765487  3.684 2 0.9187
16 16 2.212 389 2.9672 0.754 8

- 302" — 108.3z + 52.84
2'—1.1392° +0.4737— 0.168 7
(21)

3.2.2 Hankel P15 22 & 1F 0 A AL 56 1E

TEAL 5t Hankel [ TN Rl 1, 75 2048 1F 12 22
Ae=0.657 3, & 1E 1% 22 J7 1 4% i3 pR FI0OBE 78 0 X
(22) Fr s , 1000 25 S H 4l Gn 5 4 s, 453 it
5, % Hankel 1R 2518 E ALY (1) F0 152 255 14.31%,
B 50K B2 Ay 85.69 %6 o

3022% — 94.09z + 71.79
2 —1.0922" 4 0.4998 — 0.216 8

(22)

3.2.3 Hankel B S A0 1058 2205 1F Fl AR 74 56 F

7E Hankel [ 15 2545 1E A5 R (4 Sk iy [, F1) FH 0
T A5 31 B B 20 DR 2545 1F I b 70 2 ik oh £408) LA
KPR B Y B, AR 1% 4G W S E U By
R G5 H AR b bR B A R an X (23) T, ) &5 AR
B W 5 iR, TE RS BT R] AT, 1% Hankel B4 & By
108 AR5 22 4B TE AT A1 N 5 22 Sk 10.75 %, B3 Ul
FEEE A 89.25% .

G(z)=

&4 Hankel FFiR Z & IE U 42 B T 45 R
Table 4 Hankel matrix error correction model predicts

the resulting data

Fet i R THBRE R I /pem o %0f 1 22
H/BE R RIE(ES {/pm
1 76 77.986 73 77.1112 0.8755
2 72 64.71239 60.580 3 4.1321
3 68 47.566 37 48.376 0 0.809 6
4 64 38.16372 39.1650 1.001 3
5 60 29.82726 31.6026 1.7353
6 56 24.889 38 25.3507 0.4613
7 52 19.911 50  20.246 8 0.3353
8 48 15.486 73 16.2357 0.7490
9 44 12.168 14  13.050 6 0.8825
10 40 9.402 654 10.4981 1.0954
11 36 7.190 266  8.4223 1.2320
12 32 5.530973  6.7538 1.2228
13 28 4.424779  5.4171 0.992 3
14 24 3.871681 4.3508 0.479 1
15 20 2.765487  3.4936 0.728 1
16 16 2.212389  2.8045 0.5921
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Table 5 Hankel matrix high order iteration error
correction model of predicts

the resulting data

jy B B/ pm Y5 2%
H/B% e pogg H/pm
1 76 77.986 73 78.179 3 0.1926
2 72 64.71239 63.1923 1.5201
3 68 47.566 37 51.204 1 3.6377
4 64 38.16372 41.5762 3.4125
5 60 29.827 26 33.7604 3.8931
6 56 24.889 38 27.396 6 2.507 2
7 52 19.911 50 22.226 3 2.314 8
8 48 15.486 73 18.0334 2.5467
9 44 12.168 14 14.633 2 2.4651
10 40 9.402 654 11.8744 2.4717
11 36 7.190 266 9.6354 2.445 1
12 32 5.530973  7.8185 2.2875
13 28 4.424 779 6.344 1 1.9193
14 24 3. 871 681 5. 1479 12762
15 20 2.765 487 A7 il
16 16 2.212389  3.3895 1.177 1
G(z)=

3022° #70.65z" + 20.33z + 73,57
2t —0.5463z" — 0.0962z° + 0,170 1 — 0,207 2
(23)

3.2.4 ZEEXFH

108 2 3 56 RN 06 UE TR T A A R R R
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Fig.10  Comparison of the prediction results from the

three models
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