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Non-Dimensional Analysis of Interior Ballistics

Hung Joo Lee, Un Hack Chun, Sung-Ki Min

Abstract

This is a dimensionless analysis of interior ballistics for the design of gun tube.

One of

the characteristics of this analysis is to use the H; number which means a relative quantity

of a virtual work to the kinetic energy of projectile at the muzzle.

In order to apply the concept of virtual work,

it is assumed that the projectile is moved

from the beginning to the end of bore under constant pressure of the certain travel distance

of projectile. The principle of the analysis is induced from the Le Duc equation, which exp-

resses velocity as a function of projectile travel and is based on the translation of a hyper-

bolic curve.

From this non-dimensional analysis, the optimum design parameters of pressure in the bore,

velocity and acceleration of projectile can be obtained from the table or figure without com-

putation. This method was verified by the experimental work.
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z.: Bore length

a: Le Duc constant

A: Cross-Sectional bore area
b: Le Duc constant

g: Gravity

P: Pressure

Ppnyrt Maximum pressure
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l

P,: Pressure at the specified travel distance of
projectile

P,: Pressure at the travel distance x of projectile

v: Velocity of projectile in bore

v,: Muzzle velocity of projectile

v.: Velocity of projectile at travel distance x in
bore

9,: Acecleration of projectile at travel distance x

in bore
W: Weight of projectile

x: Travel distance of projectile in bore
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Table 1. Non-Dimensional Design Parameters

DMLIDML| f,..e | DML 0 H,
(PraxA)z, w9 |_(PAx,
bix, | x/x, §<}W 2| V/0n B ’;vitz ) %(gﬂy)mz
0.0
0.1 0.5500; 3.1460C] 3. 14600
0.2 0.73333] 1.86429 1.86429
n. 3 0.825000 1.17975 1.17975
0.4 0.88000/ 0.805371 0.80537

*See Ref. 1 Chap 3
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0.1 0.5 3.72859] 0.91667 0.58259 0.58259
0.6 0.94286|  0.44026] 0.44026
0.7 0.96250]  0.34409 0. 34409
0.8 0.97778 0.27619  0.27619
0.9 0.99000(  0.22651  0.22651
1.0 1.00000]  0.18909  0.18909
0.0
0.1 0.43333  2.45919  2.45919
0.2 0.63243 Lom2l 1.91121
0.3 0.74681]  1.39866) 1.39866
0.4 0.82105  1.04549 1.04549
0.5 0.87313‘ 0.80469  0.80469

0.17 2. 48131 |
0.6 0.91169  0.63615 0.63615
0.7, 0.94138f 0.51455| 0.51455
0.8 0.96495  0.42429|  0.42429
0.9 0.98411;  0.35561] 0. 35561
1.0 1.00000I 0.30222]  0.30222

|

0.0
0.1 0.42143  2.37479| 2.37479
0.2 0.62105 1.90011| 1.90011
0.3 0.73750| 1.41415| 1.41415
0. 4 0.81379) 1.06875| 1.06875

o8 0.5 . 58369 0.86765  0.82898 0.82898
0.6 0.90769  0.65912| 0. 65912
0.7, 0.93864]  0.53549] 0.53549
0.8 0.96326{  0.44311] 0.44311
0.9 0.98333  0.37245 0.37245
1.0 1.00000, ©0.31729| 0.31729
0.0
0.1 0.40000] 2.21867]  2.21867
0.2 0.60000) 1.87200| 1.87200
0.3 0.720000  1.43769  1.43769
0. 4 0.80000| 1.10933 1.10933

0y 05 . 0.85714]  0.87324!  0.87324
0-6i 0.90000  0.70200 0. 70200

127
0.7 0.93333  0.57521) 0.57521
0.8 0.96000 0.47923| 0.47923
0.9 0.98182  0.40506] 0.40506
1.0 1.0000C[  0.34667|  0.34667
0.0
0.1 0.325000 1.64775 1.64775
0.2 0.520000 1.68729| 1.68729
0.3 0.65000]  1.46466| 1.46466
0.4 0.74286) 1.22980| 1.22980
0.5 0.81250, 1.02984 1.02984
0.3 1. 73590
0.6 0.86667, 0.86795/ 0.86795
0.7 0.91006  0.73819| 0.73819
0.8 0.94545  0.63385| 0.63385
0.9 0.97500[  0.54925( 0.54925
1.0 1.0000C[  0.48000 0.48000
0.
0.1 0.28000] 1.30457| 1.30457
0.2 0.46667| 1.50992  1.50992
0.3 0.60000, 1.42628 1.42628
0.4 0.70000]  1.27400  1.27400
od O Lsgees *777E 111846 111846
0.6 0.84000]  0.97843| 0.97843
0.7 0.89091f 0.85763  0.85763
0.8 0.93333  0.75496] 0.75496
0.9 0.96923|  0.66802 0. 66802
1.0 1.00000 0.59429  0.59429
0.0
0.1 0.25000 1.0833:| 1.08333
0.2 0.42857 1.36447| 1.36443
0.3 0.56250, 1.3710¢|  1.37109
0.4 0.66667 1.28397|  1.28395
0.5 0.75000,  1.1700C|  1.17000
0.5 1. 386€6
0.6 0.81818  1.05484| 1.05484
0.7 | 0.87500 0.94792] 0.94792
0.8 | 0.92308 085207  0.85207
0.9 0.96428  0.76749  0.76749
1.0 1000001 0.69333  0.69333
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Non-Dimensional  Pressure { ,:‘:,:( c } ‘

Nan —Dimensional Travel Distance of Projectite (X / Xz}

Fig. 1. Non-Dimensional Travel Distance of Projectile vs Non-Dimensicnal Pressure Distribution.

Table 2. EXTHEH o ¢ REESHF TM 44

REEHY H#&
b/ 0.173
Maximum From TM 52, 000 psi
Pressure From N.D.A. 52,800 psi
iati _52800—52000 —1.549
Deviation 52,000 %x100=1.54%

TM is the technical manual
N.D. A means non-dimensional analysis

Table 3. B®/#° ¥x

FA A FA 27.8 grains
el =} o A 55.0 grains
o A 9 =4 1.82 cm?
%+ o 9 Al 18.25 inch
port 712} & 2 o] 11. 39 inch
399 A% 5.56 mm
port o] 4 2] o}H 13,200 psi
E 3164.5 fps
I X =

BREEY EATHETS Bt RIFBEE ETE
4 AE7t AEvtE HROE MRS At R
$o) sl ikl portel A RENE WESH

Table 16l 4 KT FFiwPel kel H; number
5 9olN BEEHE ItEiste] o] ghal TM(technical
manual)ol 4 9-& REEIY & Table 26149 2
o] HEk#gEtsislcl. portell Aol EH-E HIES A ¢35
o] Fig. 2414 2 vk} o] KB 29718 K
Fazm 72808 H#AR 24 port o] Bronze Block
g mlEo] Balslyg = Bronze Block 3} 4871 A}e]eff A
o Fla - BFiksts) fEle] Epoxy & UalARe
o EE#%S Epoxy & 2#qdle] 7149 Leak WAE
A As4rl. Bronze Block $lel] Screw® o] Kistler
617 C Piezoelectric Transdncer& o Aslg o 504E
Dual Mode Amplifier ¢} 4] Signal & #f#EA1A 7633
Tektronix Storage Oscilloscope ¢} <4 8] port o
Ao EEHE Fig. 3148k el FHsigirt. Dual
Amplifier & Range Multiplier &= 100, Range = 2¢]
=, Tektronix Oscilloscopes] F3--& 20mv,/division,
2.0 0.2m sec/divisiono] g}, Piezoelectric Tra-
nsducer ¢ Range:= 75K, 35K, 15K % 15K psi &
g3 on o] wle Calibration-& mv/psiolcl. =g}
A Fig. 39 porto]l A9 HEisEIE Ftivskd 13,200
psi o] t}.

$ D= Chronograph & Al §hnal 1.5ft 9 Ag
2 st BRIE 10 sec 7hA MRS MLk #D
$EE HEsgdel. BT FAl+E Lyman D-5 Preci-
sion Reloading Scale & HIEs-d = #lEd HmiEe
$¥se] Land & Land A}o]e Zo]E Micrometer &
o)A A Askedel. #ikse) Aolt Steel Rulerz &
Aabgleh, el A M HocES fWkd SRl et
g kel Table 3o Eaisl sl
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4. MG 9 &R

My g BEtE dsd = BHY SHE LAMNS
2 obofof st Higol v #HHE KT A BE
olmm % KA EHRES $sld &L B
#A ek A& ubhAElx] RElh. EBhE sk
A5t fsrel v gi4 kol Hole g wkE7+} Strain
Gague & HiEAFl & 4+ L AAE] Crack 9 So-
urce 7} Heo] 1A EE E2A de A9t g B
ol & A & 8/ LB HELE
o) kel A =cob. fiv 9 Muzzle Velocity &
Higrol vt ghifre] HFgol HIEMES T REET] o

. ’ o]} Aol 247} 5= Non-Dimensional Travel
Fig. 2. 95/ gk Distance &/x, & <fA 9] A4, w=be FA, FAA9
A, FAAY A FF oA L FAAle] FuA
TE 41 BB BRE Eld HEYT 5 U A
2ol BAEEY ATHENE EslY LBEYL RIAAEH
E g 4 ek #8 hEY A vtagd 42y
4l portd] Holeo] 7##Ests] =l £l o] portdlA g
Ee MEstz BARNENA AT Muzzle Ve-
locity & FIfste] b/x,-& Fig. 1414 el wh=hg
A 2 B BEE £T ¢ dod] (R BB
A BEE) 2 oY E ofvl 4z Y= BHAs #Exe
28 R HBIBBE KT ¢ de vt T ALE
Table 49 %43} ).

Fig. 1al4] &/x, 91 &1 x/1, 0] 5713l =} Non-
Dimensional Design Parameter 8¢ o9 A ¥ &7}
—— : ¥ ¢ 9 vl case [, [A+= BHolrt gHelA
Fig. 3. Porto] 4o Iyl 9 BlE WA ¢42E BAAA BFs R

Table 4.
Datum ]
given reguired governing eguation for finding b/x,
case
I b//xu Um Pman an Vxy i)x Known
II @y U Pmlx) ny Uy I)x ";._‘:].‘i‘xb
i (P A)x,  _ (b/x.) (xy/x.)
Il a, P: Pmlx’ an Uy U FEEVE 2NN '_2' 0878 o el
1\ W (b/xA-x,/x,)*
(2)(F)=
; . ) (PoasA)r. _ 832 (1+b/x):
Umy max ny Uy x 1 1 2 27 b/x'
()5 )m
. _ P, 1.04X27  (B/x.)%(x./x.)
V Pmax’ Ps DUy Pn Uy Uy Pmlx 4 16 ‘7(57x,+x,/x,)‘
Pz, oy oo (14b/2)2(b/2) (2,/x)
VI vm, Ps Pmnx; ny vn {Jx (‘-1‘>(-1)1) 2 ' (b/xl+x:/xc)3
2/Ng /"™

_5_..
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we} Bl ofgA Haerte & 4 e case |l
d Ak HBRAA & 5 08 dE HEe 43 &
21x BNY s 4A 7L F e case JoA

T REBAI gaEER 9d EHY #EE 44 B

W+ o+

e Bt Al Game RHENEY 8¢
A T A gt W RN F2E BET
BEHANE Q8 + & BATHS BAEHNE R

Wakg o= oo Hme kel HBARE s
t}.
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