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ABSTRACT

In this study, Burning Area Analysis Program (BAAP) was developed by using VOF method to
estimate the burning area of 3D shaped grain. The parametric study of mesh size, burning rate and
time interval for numerical calculation was conducted. The result of BAAP is compared with the one
from commercial 3D modeling software. Also the internal ballistic analysis was performed using the
result of BAAP. In order to estimate the burning area and internal pressure with time, Chemical
Equilibrium Analysis (CEA) was conducted with a composition of reduced smoke propellant. As a

result, the web-averaged pressure was 5.34 MPa which is similar to the published research result.
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Fig. 1 A Conocept of VOF method[7].

d sl w4 YA weh A
[AZE AFEAI A Y
(Dissipation) J2] 42t7} H2=(Shock) 5

AR 8-S FFRTHAL.

ook g7l e We AAUAY $HYL
“2A g AL 49 3 )] FA 54

e Aatete wAoR, gagA wo| 71x
T 9dE 21ag 5 Ao

VOF$} @il (level set) o] thEFHA 2
2] Mo g, o] & VOFE A W fA7 A8}
= FIE ol&ste Af AAWE ABodte W
WolH, Fig. 1 VOF 7|9 AEdS HoFd
[5-7]. &RHH o2 VOF= #dAl ¥yug =5
A= g2 Z AF BE FHE 7HAe A=
delx AUoH10]. weld E AFJNE VOFE
o)l 43le AAWE AT, Ax&To] wal
FEE AAEUAS ALtsih

il

lo o

oL
o
T
o ®
il
F,
et
it
o



H213H H3& 2017. 6. VOF 7|¥H& 0|

St ANZAZE WEHE sy AT 63

3714, ' HaEwgHy  We,  Se
Schmidt 4=, S, W38 2233 Uehich
Schmidt ¢+ FHAAE(v)ol 3 dHe
(D)e] 2 YEhl™ Eq. 29} 23, w3 &
232 Eq. 33 Zth

_v__r
SC'r D pD 2
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w9 Baz AYstn, 2 FA4 39 B
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E(c) = (Dve)+tu|vel 4)

=

ce 03} 1Abole] fg JHAY, & dd A
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Fig. 2 A schematic picture of NAWC no.6 motor grain.

mesh size 2 mm mesh size | mm

Fig. 3 Captured pictures of grain mesh.
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Table 1. Input conditions of BAAP.

Test | Az .. U, At
CFL
No. | (mm) | (mm/s) | (9)
web burned=0 mm web burned=8 mm web burned=16 mm Ref. Burning Area from 3D 1\/10(116111’1gH
1 1 1 0.05 0.05
2 1 5 0.01 0.05
3 1 10 0.005 0.05
4 1 2 0.05 0.1
web burned=24 mm web burned=32 mm web burned=40 mm 5 1 10 0.05 0.5
Fig. 4 An example of graphical burmnback result. 6 L 20 0.05 1
7 1 30 0.05 15
8 2 2 0.05 0.05
A7 dRIFEEEE AAFT F Jen, 2 A 9 2 4 0.05 01
TFolME 1~30 mm/s H9 W 10 2 20 0.05 0.5

Shlth 3 FA A A S
ZHAL)E 0.01~0.05 s HLlolA A
a9 4 FAd,,) st 3
24" AN F =
Me t=02%H t=t ,Z7A CHFA 2dS
Axeta Ak AEE AdE AR
= BAAP Z#4E YEd o2 dow FEAY
S AT F Ytk

=

1]

)

24 vl T Qs AAs) v
BAAP| A A}J‘lx}ﬂ HAS 3 mpuss
A% A7), FRFDGEE, B9 ALAIlTh o]
H4ES CFL  (Courant- Friedrichs- Lewy
condition)=& A J3l= v/, 1 #A

< Eq. 59 Zt}.
crp = 42 )

Axmax

durHe s FAse] FHE 8 CFL & 1

Rt} Zpolopgti[l]. £ A
2 ALEWH Ao &
3 Table 13} 7 ZAoA AL 4383
A A= 3D =P
(Solidworks 2016)E ©]&3t AAEAHA 4= 2
}H(Table 19] Ref.)$} ®]nLs} &
Attt 3D RdgS o] &3
FRAA 28RS FAAE

s A

* 1/6 model of NAWC no.6 motor was used.
Solidworks 2016 was used to estimate the burning area.
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Fig. 6 The effect of CFL number with identical
maximum mesh size. 08
—— Ref.
07k ----Test5
k. CFL 71 A”FE 9 F77 dojA 1, o6 .
AA < Ago] Ref.9} HojAle AL U3 €
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%‘-EHQO] %/ngﬂ' @ﬂ’i /\PE%E} Web burned (mm)

242 AKX 37|2| Hsk
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Fig. 7 The effect of maximum mesh size.
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Table 2. Volume and error based on the ref.

Volume Based
Test . Error Based on
on the Burning
No. 3 the Ref. (%)
Area (m’)
Ref. 0.0181 -
1 0.0208 14.8
2 0.0207 14.7
3 0.0208 14.8
4 0.0209 15.4
5 0.0224 124
6 0.0267 14.8
7 0.0348 19.3
8 0.0212 17.1
9 0.0213 17.8
10 0.0212 12.2

Hojol 3tk NAWC no6 EE A ¢F 48
mme|EE B AFqHaE ZAX 7] 1 mmES
Ha NEoz BAEAY

He=sly A F24 dFe F9498 2F
sle 203 WSolth Test No. 1~109] HA4H
A AYg vigoez RIE 9 FA3 Ane
Table 29} 2t} 3D 2dS nlgtoz A 2
I e HA 147%9] AolE HolH, ol A&
g kel o] Axpel Zv|et FH, HAW B
o o& Yelves Aeg woEg

ol¥3 e B ZzaAS A4 Ugx 3
Ao HE3sl7lole i =& Aoz FF A4

2 FdaAdo] Ao

Table 3. Ingredients of propellant and buming rate

parameters.
P t
Ingredient e(r(;(;n Parameter | Value
(g
AP 82
HTPB 12.5 a 0.0048
RDX 4
Carbon Black 0.5 n 0.461
ZxC 1
Total 100 Ip 6.75

Table 4. The results of CEA.

Parameters Value Unit
Propellant density 1.72 g/cc
Combustion Temperature | 2974.3 K
Gas density 12.76 | kg/ m’
Molecular weight 254 -
Specific heat ratio 1.18 -
Characteristic velocity 1527.5 m/s
Specific Impuls 247.3 s

FEET, drEE FEASF,
el ™ MPa®t mm/sE 7|Fo=2
o AdA&E&EE 1000 psialA 6.75 mm/s©]t}.
Table 49] FR A 245 7]2E NASA CEA
FE=E AREst S REIANS FPsAoH
9], 2% Table 40 YERRSITE 2 3ao] 2
£ FAAE dihex 29743 K SAE:E

1527.5 m/s, Y15 2473 so] §4& 713t}

B Jexs| o= Table 1, Test 49 AA
WY AIE V2 9. dEFEHE 7
o] 0-Dell gt AlLHS F3tH T, FA A
EEE r=aP"l 93t StEdl wet W3kt

of W ALEWH L Axy Yy
ok 2 ATgAE ¢
498%, 9 ¥<t™ 53 MPa, Huf ¢
MPaZ Yelgton, 71E9 A7Ax<
AIZF 470%, §) BEEE 44 MPa, A
6.0 MPa vlm3te] g 715 <ok 20%
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