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Orthogonal experimental on effect of geometrical parameters on
self-excited inspiration pulsed jet nozzle performance
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Abstract: In order to determine the geometrical parameters of the self-excited pulsed jet nozzle and the
significance and importance of the order that their interactions affect its performance. The experiment
on the inspiratory performance and impact property of the self-excited inspiration pulsed jet nozzle was
conducted by the orthogonal experiment method, and the nozzle area ratio, relative oscillation cavity
area, relative cavity length and the sensitivity of their interactions to the inspiratory performance and
impact property of the device were analyzed by range analysis and variance analysis. The results show
that the geometrical parameters that affect the inspiratory performance in descending order are ; relative
cavity length, relative oscillation cavity area, the interaction between relative oscillation cavity area

and relative cavity length, the interaction between nozzle area ratio and relative oscillation cavity area,
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nozzle area ratio. The geometrical parameters that affect the impact property in descending order are;

nozzle area ratio, relative oscillation cavity area, the interaction between of relative oscillation cavity

area and relative cavity length is, relative cavity length among them. The former two contribute is

much greater the nozzle impact property than the latter two verifying tests confirmed the conclusions of

orthogonal experiment.

Key words: self-excited pulsed jet;orthogonal experiment ;inspiration performance ;impact property ;

geometrical parameters
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Fig. 1 System device of experiment
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Fig.2 Schematic diagram of self-excited inspiration
pulse jet nozzle
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Tab.1 Experimental factors and levels

A B C
KF
Sy Se Ly
2.25 50. 17 4.58
2 2.78 76. 56 5.83
3.36 100. 00 7.08
2.3 RW@iEt

2 NIEASHR KA .
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Tab.2 Orthogonal layout L,, (3" ) and experimental data for structure parameters

EES A B AB A2B C AC A2C BC ABC  A2B2C  B2C A2BC  AB2C
Res 1 2 3 4 5 6 7 8 9 10 1 12 13 " e
1 205 5017 1 1 4.58 1 1 1 1 1 1 1 1 0.469 026  0.154 096
2 225 5017 1 1 5.83 2 2 2 2 2 2 2 2 0.568143  0.111 014
3 205 5017 1 1 7.08 3 3 3 3 3 3 3 3 0.531105  0.128 258
4 225 76.56 2 2 4.58 1 1 2 2 2 3 3 3 0.37552  0.176 671
5 225 76.56 2 2 5.83 2 2 3 3 3 1 1 1 0.408 345  0.178 688
6 225 76.56 2 2 7.08 3 3 1 1 1 2 2 2 0.440041  0.128 258
7 2.25 100.00 3 3 4.58 1 1 3 3 3 2 2 2 0.394666  0.170 660
8 2.25 100.00 3 3 5.83 2 2 1 1 1 3 3 3 0.420085  0.168 452
9 2.25 100.00 3 3 7.08 3 3 2 2 2 1 1 1 0.595083  0.182 709
0 278 50.17 2 3 4.58 2 3 1 2 3 1 2 3 0.432806  0.122 505
11 278 5017 2 3 5.83 3 1 2 3 1 2 3 1 0.551194  0.093 374
12 278 50.17 2 3 7.08 1 2 3 1 2 3 1 2 0.62653  0.121 862
13 278 76.56 3 1 4.58 2 3 2 3 1 3 1 2 0.362619  0.146 958
14 278 76.56 3 1 5.83 3 1 3 1 2 1 2 3 0.412062  0.148 892
15 278 76.56 3 1 7.08 1 2 1 2 3 2 3 1 0.441399  0.121 862
16 2.78 100.00 1 2 4.58 2 3 3 1 2 2 3 1 0.386 660  0.139 255
17 2,78 100.00 1 2 5.83 3 1 1 2 3 3 1 2 0.416012  0.143 566
18 2.78 100.00 1 2 7.08 1 2 2 3 1 1 2 3 0.458991  0.143777
19 3.3 50.17 3 2 4.58 3 2 1 3 2 1 3 2 0.441205  0.098 341
20 3.36 50.17 3 2 5.83 1 3 2 1 3 2 1 3 0.545639  0.070 976
21 3.3 50.17 3 2 7.08 2 1 3 2 1 3 2 1 0.619390  0.096 901
2 336 76.56 1 3 4.58 3 2 2 1 3 3 2 1 0.338 684  0.122 984
23 336 76.56 1 3 5.83 1 3 3 2 1 1 3 2 0.404635  0.124 294
24 336 76.56 1 3 7.08 2 1 1 3 2 2 1 3 0.471422  0.096 901
25 3.36 100.00 2 1 4.58 3 2 3 2 1 2 1 3 0.377257  0.116 812
26 3.36 100.00 2 1 5.83 1 3 1 3 2 3 2 1 0.399437  0.119 185
27 3.36 100.00 2 1 7.08 2 1 2 1 3 1 3 2 0.452417  0.121979
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Tab.3 Table for range
ZH A B C AxB AxC BxC AxBxC
qy 0.1519 1.1303 1.0579 0.2046 0.0502 0.2094 0.507 3
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IR i AT LA 22 80 DR3840 8 288 i 2 P

3 7.
501
4.6
SR S
3.8+
34
Al AZ A] Bl BZ B3 Cl CZ C3
(a) L
lLer
141
£12f /~~ ~
1.0
0.8
Al AZ A3 Bl BZ B3 Cl CZ C3
(b) HERT )

K3 2 £k &l
Fig.3  Curves of effect
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Tab.4 Analytical statement for inspiratory ratio variance

5 2RI S f S F 1§ BN
A 0.001 39 2 0.000 694  6.511 467 *
B 0.078 53 2 0.039 265  368.376 400 -
C 0.062 20 2 0.031 102 291.795 900 * %
AxB 0.005 18 4 0.001 294  12.137 980 *
AxC 0.000 43 4 0.000 107
BxC 0.006 62 4 0.001 655  15.531 300 *
AxBxC  0.015 41 8 0.001 926  18.073 780 .
S, 0.000 43 4 0.000 107

Foo1(2,4) =18.00 Fy o, (4,4) =15.98 Fy (8,4) = 14.80
“ Fo05(2,4) =6.94  Fy5(4,4) =6.39  Fj (5(8,4) =6.04
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Tab.5 Analytical statement for relative impact variance

F

J5 2 KR N f S FA{H B
A 0.011387 2 0.005 694 209. 037 o
B 0.007931 2 0.003 966 145.589 o
C 0.000533 2 0.000266 9.777 o
AxB  0.000201 4  0.000 050 1.844
AxC  0.000052 4  0.000013 0.476
BxC 0001332 4  0.000333 12.223 o
AxBxC 0.000218 8  0.000 027
S, 0.000218 8  0.000 027
. Fo.0(2,8) =8.65 Fy ,(4,8) =7.01 Fy ,(8,8) =6.03

« Fo05(2,8) =4.46  F( (5(4,8) =3.84 F, (5(8,8) =3.44

4,5 AT, 2 A x C XIS BE 52 A
HAESI 2L, R AR A xB XSRS B
HR2m, 2R BUHER C LK B xC A xB x C ¥Xf
WA MEREA R R, L R B, C e
JIE TG Ry T A LI, AT A Shy O W AR ME RE S i A
K, PR B & T 2R A EAE R IR A HE 2R 109 52 1] Hy
KAMKIR R BRI N TETER ) , C (AT ISR ), B %
C,A xB, A(MBIBETIALL) s IR A x C Fl A x B X
W e HERE S A A Gt S, R C, B x
C,lHE AR B Byt hdi M ge A & B 52,
RS AR RN FETLUEL, FHZR A M
IR B 1) F AR KT HANZ R, AT R Hox
i TR A K, 7E UG R IR T N S R &
PR 20N ek T A s o) R R B/ MR IR Sy A (I
TFRLE) , BOMIXFENTEAR) , B x C, COAIXTER) -
J7 T Es I UE T MR 25 /3 B 25 1.

3.3 RBMZEERASH

R T R A AT B A DT RS, o — 215 5
WA R A A S 8 g 1 T AT 2 B0 L, i 6 45 i
HEAT A HARE 4307 B AT T80 AT 6060 I A< L 25 1 fnk
FER R R BAE 0 B x C, A x B Xt AHXT
hiti D1 g E AR I 2 BEAE R B x C. 43
R BxC, A xB &R A XTI 3 ALK
FLAZ L B x C P AL A0 Y 3 LR 50 i AR X op
2L I HEAEER 6,7,

F6 WSEEEXEHEMR

Tab.6 Interaction for inspiratory ratio

B C
A
S,=2.25 S,=2.78 S,=3.36 L,=4.58 L,=5.83 L,=7.08
S.=50.17 1.568 273 1.610 534 1.606 234 1.343 037 1.664 975 1.777 029
S.=76.56 1.223 908 1.216 080 1.214 741 1.076 825 1.225 041 1.352 863
S. =100.00 1.409 835 1.261 664 1.229 110 1.158 583 1.235 534 1.506 491
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Tab.7 Interaction for relative impact

C
B
L,=4.58 L,=5.83 L,=7.08
5,=50.17 0.374 942 0.446 614 0.426 727
5,=76.56 0.275 365 0.451 875 0.431 203
S, =100.00 0.347 021 0.347 021 0.448 464
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Fig.4 Influence of geometrical parameters on
nozzle performance
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