139-129 Yoo 2 o loabs (16 0,95 1395 coulngsd )l ()0 SuilSo (3o dlxo

gy ele dolinle =
—b;
< . -Eh i
OV 0 Sl  wiigo = &
Jany
mme.modares.ac.ir u/')/;‘g;:%,

T Gl 95 4 Sl 5098 (S U g (S ilwdiug 9 SN (S lw

*2 e 1 .
$ala Sl g€ ) Jlaa S (saane (puas
Ol iy inio ol (SlSe owdine 0380l sl pwlid S ggmatils -1
O iy xio oKl (SlSe (wdiges 018l ybokwl =2

arghavani@sharif.edu 11155-9567 _u, 5500 (o6 *

sSs dlie SleYlb!

o ialefl oy ol 5,1 dlge pols iy llyd (slm )15 oS aitn dypd inlegl (sloolSind 31 ageo (i e 15 (o, Sobiyg JolS otngsy lie
1394 3110 cél,»

als 109> (1o, S00 5 51 sl g0 (gio puo 0dga5me iz 53 Clijy 4y B glals 1o (gla ) S0l y a8 5)b YU slacs 13 Uy 4 5l
1394 526 5y

iyl ) 4t ot (gl Ao 5 s o |y o ySabiyg s ) 3,Skes (sdtate (gliyiolyl 33,8 o elitul it s ool 1394 e 19 sl o )
9 50 2L om Wp g e dlie ol )3 okt ol Qliszl BB 8 g (63908 50l Sy ilodinge g silo e Wl Ll
Como oy Sy el 0393,5 ol 5lpsl (il de Cagn B gw Fp (228 oMbl ol j &S 20,8 e S o (sjluange Sl yag> (5515 Sy
B 1 oolitulyge Jae a3 o (Ll 45 Cuslodds dunlie 0)08 gls b el i (gl ls (Kb (gjlodud 9 (odlgiiiny Jdo Silodnd
55 o il il sl bl s i s 3 Sy 3,Shes (bt s 5 s e ] Sl gl ol o s

o &l b9,

ool 3yg0 diy 3o yesd g Cilw d){.'x;w&‘ol sy 9 50 adel Shb Olule dl))l Slgs g0 ol (1S Je ‘Q,gl o9
5 ol o o2litl )Lt 5 oy Gusly (gl 99 ) slaleraiy (sl Jae (Bl (e gl oLl ) 3l a5 52 0,5 )5
Caa Colg ) Cuslodds odlii] wSliawn (g 5l ccalises bty 3 aly p 3)ly dlpii Hlis (gilwdineS Cax e cpl 5l e
390 Slgie Kby dige 3)Sdes (gl & Canlors &l Kby (o0 Sles Jodo g (sovin (glalsyog (655 Kby 5l ool fgens

255 8 ealil

One-dimensional modeling and optimization of two-stage light gas launcher with
response surface methodology
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ARTICLE INFORMATION ABSTRACT
Original Research Paper Gas launchers are an important part of impact testing apparatus which have many applications in
Received 01 December 2015 material parameters identification. Some experiments call for very high velocity which is beyond the
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limit of one-stage gas launchers; thus, two-stage gas launchers are employed. Several parameters affect
Available Online 08 February 2016 9e g ' ge g ploy! p

the operation of such launchers. For optimum adjustment of such parameters, modeling and simulation
is necessary and inevitable. To this end, in this paper, a one dimensional model for a two-stage light gas

Keywords:

Two-stage light gas launcher launcher is proposed and utilized for performance optimization. To simulate combustion, experimental
Simulation data for burning rate has been used. The proposed model is verified by comparing its predictions with
Optimization the available experimental data. It is shown that the proposed model is accurate enough to predict the

response surface methodology two-stage light gas launcher performance. The results of one dimensional model can be used in the

basic design of the launcher to investigate the feasibility of manufacturing and estimate the costs.
Moreover, the model is used to optimize the launcher performance as well as to determine optimum
parameters. The statistical method of response surface is employed to find suitable second order
polynomial models to predict the projectile velocity and maximum base pressure. The presented models
are used to maximize the projectile velocity as well as to minimize the maximum projectile base
pressure. To this end, Simplex method is employed to minimize the maximum base pressure in different
conditions. Finally, the table of optimum conditions is presented to simplify the optimum use of the
two-stage light gas launcher.
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Table 1 Comparison of simulation and experimental results for
projectile velocity
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Fig. 5 Important launcher variables vs. time
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Table 2 Geometrical properties of selected launcher
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Table 3 Experiment domain and parameters treatments
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Table 5 Analysis of variances for second order polynomial model of
projectile velocity
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C.V. = % 0.815291122, R = 0.998061099

Wiy 2 ols ety JLid gl 90 az,5 Jaw Luilly Sl 6 Jguer
Table 6 Analysis of variances for second order polynomial model of
maximum projectile base pressure
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Table 4 Experiment matrix and corresponding responses
P v E D c B A

3026.59  4481.49 0.01 5 750 3.75 0.75
1799.94  4199.20 0.01 15 750 25 0.75
3687.47  4082.91 0.02 15 1100 3.75 11 10
2193.45 3593.47 0.02 15 750 3.75 0.75 11
1866.65  4260.27 0.01 15 1100 3.75 0.75 12
2122.46 3497.03 0.02 15 400 25 0.75 13
2193.45 3593.47 0.02 15 750 3.75 0.75 14
2378.53 3674.50 0.02 15 1100 5 0.75 15
2193.45 3593.47 0.02 15 750 3.75 0.75 16
1744.21 2960.08 0.03 25 750 3.75 0.75 17
1234.42 3896.34 0.01 25 750 3.75 0.75 18
876.31 2633.52 0.02 25 750 3.75 0.4 19
217434  3179.71 0.02 5 750 3.75 0.4 20
1300.04  2819.26 0.02 15 1100 3.75 0.4 21
2363.95 3770.63 0.02 25 750 3.75 11 22
934.41 3443.13 0.01 15 750 3.75 0.4 23
2877.17 3896.76 0.02 15 400 3.75 11 24
5028.50 3924.63 0.02 5 1100 3.75 0.75 25
2336.14  4598.60 0.01 15 750 3.75 11 26
1752.19 3332.13 0.02 25 1100 3.75 0.75 27
1416.29 3304.82 0.02 25 750 5 0.75 28
858.20 2800.71 0.02 15 400 3.75 0.4 29
2625.34  3535.03 0.02 15 1100 25 0.75 30
143485  4121.07 0.01 15 750 5 0.75 31
2420.73 3252.56 0.03 15 750 5 0.75 32
2797.26 3208.28 0.03 15 1100 3.75 0.75 33
4130.08 3648.71 0.03 15 750 3.75 11 34

(bar) (m/s) (kg) (ba) (ba) (ko) (kg ?
232074 317275 003 15 400 375 075 1
219345 359347 002 15 750 375 075 2
5716.71 393045  0.02 5 750 25 075 3
1281.67 324598  0.02 25 400 375 075 4
273019 313136 003 15 750 25 075 5
1654.43 347518 002 15 400 5 075 6
1009.23 283273 002 15 750 5 04 7

8
9

4046.40  4078.10 0.02 15 750 25 11 35
219345  3593.47 0.02 15 750 3.75 0.75 36
2727.08  3909.68 0.02 15 750 5 11 37

6161.61  3509.20 0.03 5 750 3.75 0.75 38
219345  3593.47 0.02 15 750 3.75 0.75 39
1322.07  4026.91 0.01 15 400 3.75 0.75 40
1094.02  2756.33 0.02 15 750 25 04 41
7263.30  4247.06 0.02 5 750 3.75 11 42
174959  3309.12 0.02 25 750 25 0.75 43
4450.12  3882.92 0.02 5 750 5 0.75 44
117550  2489.00 0.03 15 750 3.75 0.4 45
4061.04  3740.78 0.02 5 400 3.75 0.75 46
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Fig. 6 Different parameters effect on projectile velocity and maximum projectile base pressure: a) initial light gas pressure and rupture disk pressure

on velocity b) initial light gas pressure and charge mass on velocity c) initial light gas pressure and rupture disk pressure on maximum pressure d)
initial light gas pressure and charge mass on max. pressure
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Fig. 7 Maximum velocity vs. projectile mass
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Table 7 Predicted maximum velocity, its corresponding parameters and simulation results with different projectile masses

% > ] S P; (bar) Pap (bar) me(k))  Cu(kg)  m(kg)
Vp Prmax Vp (m/s) Prmax (bar) Vp (m/s) Prmax (bar)
2.196 16.25 5084 6474 4972 5422 5 1098.07 253 11 001
062 383 4428 3765 4455 3620 12.38 1099.97 417 11 0015
0.84 281 4106 3933 4140 3822 1321 1099.97 462 11 0.02
021 6.72 3851 4046 3860 3774 14.12 1099.91 5 11 0.025
0.444 7.81 3656 4063 3639 3746 15.39 1062.34 5 11 0.03

il 4l slapyz b Blts slaytally 5 Lod 5 oo aigy 2lie 8 Jour

Table 8 Predicted optimum velocity and pressure, and its corresponding parameters with different projectile masses

S . D c B A i ms (g1) #
P (D) V, (mfs) (bar) (bar) (kg) (kg) P (D) V, (mls)
5422.322 4971.921 5 1098.07 2.53 11 6474.416 5083.551 1
5086.911 4970.054 5.32 887.03 2.87 11 5853.141 5000 2
1929.869 444197 19.69 1089.84 4.89 11 1677.208 4500 10 3
1171.484 3963.4 19.81 400.04 4.99 0.92 795.9335 4000 4
737.8826 3465.398 13.49 400.04 4.38 0.46 477.7002 3500 5
601.6314 3221.114 16.93 400.01 4.96 04 478.4116 3236.138 6
3620.721 4454.963 12.38 1099.97 417 11 3764.942 4427.655 7
2017.051 4033.404 22,07 744.42 5 11 1529.971 4000 15 8
1103.498 3473.013 17.54 400.81 4.99 0.69 974.7029 3500 9
731.8052 2968.887 16.4 400.01 36 0.4 532.5877 3000 10
3822.413 4140.051 13.21 1099.97 4.62 11 3932.996 4105.755 1
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