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Abstract

Supersonic aircraft and missiles often encounter damage issues due to high-speed collisions with small objects such as ice particles and

water droplets. This can significantly impact the safety and performance of these vehicles, making the assessment and development of

collision testing crucial. Existing collision testing methods have relied on equipment such as gas guns, which utilize high pressure.

However, most accelerators for projectiles are large-scale devices designed for weaponry and high-pressure gases, rendering them

inaccessible and unsuitable for laboratory use. Therefore, there is a need for research into easily accessible and economically efficient

testing devices at the laboratory level. An impact tester can launch a projectile with a velocity of 100 m/s using low-pressure compressed air

at approximately 10 bar. The velocity of the impact tester projectile is determined by the pressure within the chamber, friction, and the

length of the barrel. In this study, computational fluid dynamics was utilized to define friction coefficients that match experimental results

based on projectile weight, enabling accurate prediction of velocity. The resulting data provides practical and effective insights for the

design of impact testers, utilizing the defined friction coefficients to understand and predict complex physical phenomena.

Keywords : Impact test, Low pressure gas gun, Computational fluid dynamics, Friction model

Ze& gAY Mad T2 de 9A, =
I 22 AL =AY 1% FER QAT &4
Al Aweth ol EAY kg Aol o
Fe A Slo] uE T Wi ke v
< sttt

=7 NPL A7 7oA e Hq7r e
2 F4% dts =AM Ame] e Flsks
gl AbgEh o]e g A a5, Asak, 1o

4 WETFAY, vlEolA}
#Corresponding Author: Solution Lab. Inc.,
E-mail: Klee@solution-lab.co.kr, ORCID: 0000-0003-0239-881X

>
>,
o & e

> &

T o
o

e

)

X

W

W

o ki

BN b

[RORSC
=
Off
S
ok
ol >
N
0 — ol o
do
:IOL_II
=
I
ofj
b
>
kil
N
N
=

ﬁd
St oo
i,
= o
w |
O: El-m
Auj
i/
)
>
=
N
[>
L
o
)

o3

an
=
N
-
P
b

A orlo e 0 %0
>
ued)

W w o
2y o
32, ofy

+H =

ol

380 mis9] SRS %L%E—U]ﬁ Fd HEA
A 7E 9dEH1, 2]. Sakong T&
E AHgske] 1 kmise 5 AWRE Hag b vk
[3]. Kim 5& ®7]87 &< 54 ¢EdA 15
o &g vhe Ao A 36}93\@[4]. Kim §& A
=
=



r@m% e ¢
' g " i g I AR
il > o on il —
€ "~ % .59 E ° s Mﬁ7ﬁLAa‘_ﬂﬁ‘A|
= \ﬂmﬂw szt il . 5 ﬂa].l.&lﬂi o o o~
EXR: RELTE 2 ?E7Q%Wﬂ o G
s ¢ 5 §£ i e kT T o X = No o
2 - 3 M g a3 o FXE PR oy
........ 3 2 ~o = B i T B W
A )1 s XEE )IFLLE ﬁﬂ.
- =8 omH S X = =
diiil £ = WE .Hu oa.wﬂﬂ/ i_%o,mME
o =l g b _ @ up ﬂrﬂAlﬁo 5 = ol o - T °
iR 2 : P BT 8 T e
; A | 8 F ~ £ N T w:Lqmgg o oy X
: i s i, =2 LTS E WyT,w
3 A 23 FHAG G T o
i & 23 = TAT ) TP Bg
o 3 g .5 Ee M- m B = oR o#e = .E._._._ T ..mw PN
: i e mm iuriocﬂ Quaws %gm
[ £ .= S - X Mo T do L E =
o 3 o @ ol O il ﬁalrL;‘Dl 2 X =
ol _.m w - m _z:v o X 5 o < e -~ <0 2 B
= - 0 3 ! )
Ga - _]d_ﬂﬂD\Eﬂ_u,d | 0 ormﬁ_M\&o
. Of -} ﬁﬂ%é%ﬁ%%ﬂ% o = = &
b5 - < R e <E LT R bm B
[ st = o T © g
G & %ﬁ&@%@ﬂw al NI
. R ABETTRT TS ® ° o»%E%fa@oﬁﬁU N
o N S o CI W == o No T T o BN R o) W ook - No 2z
LEE FmiiEsTeris TiipEREIREE LT, i
N — ! - ® = % o 0 X X ;
ﬁ,%% %Hoﬁemﬁﬁwﬂﬂﬂ%ux © %mxﬂﬁ@ﬂﬂrmﬂm@% ﬂmﬂ% %%%@
° o N _]r] - — — =1 o © ~
Ty B ma}ﬂA#oEoio % < ﬂh&ﬂmﬂg G} %ljd. § oo O
TS T 4qr pl o = i ~ W OBR o
_%oMb o — oy W o Gt olﬁ%%w‘l &oiga_x Nnm_u%o mwmﬂomm
R maxe]gbti TﬂoﬂeroTJ m_oudv.z AAaﬁdaﬁle_ﬂo,* o W oL > HE
ER ﬂﬁrﬂﬂaﬁé?aﬁﬂﬂﬁ %%i%m%%% R E Pk T
» B o o ) EUNI
%ww mwwW§z;%o%a ﬂﬂ@%c&ﬂ@ﬂ%@@ o Mo M o T =
== 8 2y o T B T dryaﬂt}ﬂvﬂ W W E op d X
ﬂ@%%mmﬁﬁw»%%%@@ﬁ%?@%%u@L7qéAIWQM% S
~ ! ) ) (=) ! ) ~ B _— - ~
Asa%g%%oﬂﬂ T e o9 o Do ~ETy"F .
T O S M ol = ® o <= R g T o g
ﬂw%lﬂﬂﬂliﬁiﬁiﬁ1§%§Mﬂ1&i ﬂa&/owmx%%o»urﬂﬁ ﬁigedﬂwm [ T o o o W
H%W%ﬂz13%531%@w3%ﬂ o %%weogAMﬂmnATmmmL L age e
o %ﬁﬂ%?é%i A_q%qﬂ%iﬁL ) R N wF
do @ o A OFE w R0 BT gy N b T e mE LT Rl dE
S o el W o G _ o’ % 4 —_— — % TO Z.o T W o i K i 7 V oI X <
3 %mw@%%am%%Mﬂm%M%gAqaao%%amﬂugwwag 07 L L
A 3 s —_ o ot — ) 10 ~ N
= o Nrﬁar0L1noz$ur%xﬁ)ﬂmni%7 %zﬂ?oifoim Bl 5 po = <
Mo o) o7 ~ ﬂﬂDll oo <N o) 1oL 758 Ho K
d @Leﬂlx ~ = o . o B < ® A
a ﬂ%%i]]%ﬂﬂ%E%N — =
T T RN X A
X < oga T (QV Z.o o0 ol EE
TN R AT
X



FEdAs ST AL 7k A B9 aE ARV N 311

= L

S, B0 B ARE 837 9l

Hydro forceE &/d3}sl3itt. ghgke] FAlo] Q-5

Ae wWo £xE R F U= ‘ Axisymmetric model
o A% 9

< o} 1 gk
e Yt v Alge] A4S
" : -

oM kel
< Fig. 2 Design of gas gun type impact tester and
o] &2 E o=} Yo & By #H¥ 7}t computational model for CFD

L]
)t
ol

ol
ol
N
do
ol

2
i)
4

o

uj
)
<P

2 Abgste] wito] $9< mAURrel wel 37
o osF A3}ure] 2w 4 QL= wAHS A Table 1 Velocity comparison between experiment and
SE= A4a9 simulatio.n- results for various bullet weights in 2
bar condition
23 Dl_;‘él- El:él _c_)l .72:”((5' i~ Result _ lCon;lition of Il:resslure ECZbar] _

5 L = = esults o esults o ITOr
ﬂ%%%%ﬂg; é'\;j;;] %ﬁﬂ— ‘i;lgji ij’ 133253 Weights[g] Measurement analysis (%)
Sle] AR o] o]gz‘ﬂ-c.)ﬂ “’w}a} 37]41%4 50 15.75m/s 15.85m/s 0.6
P °cu S 100 11.14m/s 11.89m/s 6
F A el F7tstd gbe ol »%ifﬂ\:}. s o 300 Sl 5 9% I
A &2 o] ARl A FE Holrk AW f 300 A.92m/s A61mrs p
Be ET HEE M S ook wae] g8de
WA e wge Lol we ¥ AP 93
o] MEo] o5 upRH o= Aot oo wet mp  Alelel AE Al T MM FHEelA <
AHe g3 £rol gyt HE WA AFA L5 A= T4 A7) e Ade w8k F
oz= wHlgettE Mgt 24 (HF 2ol 714 A7F 50 g, 100 g, 200 g, 300 g% ¥ 4714 59 &
ok, vpRmee] npRAS k= Ry % a4 9 Bue g ke 2@ 3 banow A
S Eg AA =73 A7) A¥y A= HA Ak o] AL st oA w3t LES
o] e AAFA . ofgfstar R e WSl viEATE 2AS

71 $tall AAE[JG. =71 WdE F4 A9 <t

F=k*V*d M e adste] Ho 4Ee ASEAT Table 19]

AYPor de L% gyt HEHow Hoy vz

A71A E k, V. dE Zb7 obEE, vhE A 93 ASE ol8® #% 4 AnE wmsie] ekl
Smsh 4% ZolE uehith B AeldE B gk ®ol Uehd 2 bar 249 A} 4 Aol
o] Aol dAsty] Wiel vk WAL HF o] Aol = e £ JIolM T 23 (10 %
= A= Ak 200 95 Holal Ui FE& FE AdgeMe we
Fig. 29} Zo] aJA Re2 & i 2318 o] &3 9 2H0.6 % 50 g)S Holal Utk AA &4 WLl A
o 2% S 3Agor wmddsle] XS P o] A3} Hlal= Fig 3o 2P Z® YEhlilal HA
Gtk A G2 by AR =N gk 54 A A A= ald Arp e S Gl
A7HA =l A fe e A dAets S Holal & £ dHe
ek S0 SAL 2709 #olA AME ARES) AMe e wet Eadd A4S Bt BEad
o o]Fojth & F-toll fIAg 2719 #o]A o AES npE R §A e dA 2de] v
AME Fdste AHe S48kl F dolA AlA FAol wE A= BASAT. 249w A



312 ALds - ol

A50g ¢ 100g B200g ® 300g —y=x

e~ T T R ¥
N OB O 0 O

Analysis Velocity (m/s)
=
o

o N B O

0 2 4 6 8 10 12 14
Measurement Velocity (m/s)

16 18 20
. 3 Comparison of experiment results and simulation
results for various bullet weight and pressure

conditions

©

o5
9l

A= o

%

o, [

o

S 4

@)
= »:%%6}31
A
S

o
e A

_1

3.1 1XF 22of st s
Fig. 49} o] 300 g &3t lbar«] et 2ol A
o] Ml oJgk &£xeo] WtE HoFal Ut whE
7kl et 4

Lo
o
2l
24
X
o
fru

A=
S

)
N Ho
>, ol
( Jﬂ"
o -
2

AU 10 bar &
of| 5313l th. Table 2
b a5, &
< 50 goll Al 71 WHE 46.52 ms
Atk webA A AE F
Q7HE 100 mis 9] B}
oglg} oSkt

N Y do o to g ofy
O T

oo b o o
i N o

3 2 2Xb BEof CHEE SHA Aup 3
AAA J=FH £EEE QY
éE 100 mysell WX A %3h7] wfitol] 4 A
o] AA WAo]l 4=} mpE el A4
Ay A9E B 833 £ w3k A
Hlgghet, gh3ke] dgfo] Frhsiw HEF W

Mo
o
i

-
R

O o
S

¢

) mlo
2
o
T

=
rd

)
to
oft

N w =
;v W un s Wn

Bullet Velocity (m/s)

=
=N

o
o un

0 0.0025 0.005 0.0075 0.01 0.0125 0.015 0.0175 0.02
Time (sec)

Fig. 4 Velocity profile of 300g bullet with 1bar condition

End of barrel
(0, 267)

Bullet
Moving body

\—‘ Y

i

Air space of external 'J
Fig. S Modeling of impact tester with bullet and target

Table 2 Simulation results for various bullet weight in
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Table 3 Velocity comparison between experiment and
simulation with final design

Result Results of .
Pressure Measurement Results of analysis
1 57.88 m/s 27 m/s
2 79.97 m/s 52 m/s
3 96.17 m/s 66 m/s
4 108.3 m/s 82.9 m/s
5 120.97 m/s 95 m/s
6 132.86 m/s 107 m/s
7 141.02 m/s 118.3 m/s
8 147.98 m/s 128 m/s
9 154.64 m/s 140 m/s
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