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ABSTRACT

In this study, study on the internal ballistic analysis method for single-chamber dual-thrust
rocket motors meeting a dual-thrust profile requirement by tailoring the grain burning area is
presented. The analysis method, which can acquire variables required for the performance
prediction, considering gradual change of burning rate correction factor and specific impulse in
the transition phase, is proposed. Improvements compared to the analysis method in the previous
study, which do not consider change in the transition phase, are verified through comparison
between the newly proposed method and the method in the previous study. Internal ballistic
variables are obtained for four different ground firing test conditions using the proposed method,
and the performance prediction for each condition is conducted using these variables. These
prediction results and the ground test data are in good agreement, so it is confirmed that the
performance prediction of dual-thrust motors with same design geometries based on the proposed
analysis method is available.
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Nomenclature T : Strand burner temperature

t : Time
A,  : Burning area t, : Burning end time
A, : Nozzle exit area t,w @ Boost web time
A, : Nozzle throat area ty : Time at P,y after boost web
a : Burning rate constant t; : Burning start time
a, : Strand burning rate constant i : Time at P.p after boost web
ay, : Theoretical burning rate constant t,, : Sustain web time
¢,  : Discharge coefficient t* : Reference time regarding I,
G, : Theoretical discharge coefficient W, : Loaded propellant weight
G- : Thrust coefficient W, : Propellant weight in transition phase
G, : Vacuum thrust coefficient web : Web distance
G v ¢ Theoretical vacuum thrust coefficient weby,, : Boost web distance
c, : Nozzle throat erosion coefficient web,,, : Sustain web distance
o : Theoretical characteristic velocity o : Discharge correction factor
D, : Nozzle throat diameter e : Thrust correction factor
D : Nozzle throat diameter after burning Ty : Burning rate correction factor
D, : Nozzle throat diameter before burning Ty, ¢ Boost burning rate correction factor
F : Thrust Mys : Sustain burning rate correction factor
g : Gravitational acceleration A : Divergence correction factor
.,  : Specific impulse o, : Propellant density
L,, : Boost specific impulse o, : Temperature sensitivity of burning rate
L, : Sustain specific impulse
o Reference specific impulse
m  : Mass flow rate LM E
my @ Discharged mass flow rate TA ZALES A A o7 Azke] 9l
m, : Generated mass flow rate SAZE Yo 2 2Ee A e & o= g
n : Burning rate exponent o] glou} =8 Z7] A ZHoAE B A
P, : Ambient pressure oko] 9lth. I1#L} 1A EAREE AT FE)
P, : Chamber pressure o Wl AF = UdA S olate =3 7
P,,, : Boost web pressure ZAo] 9FH 3, o]y3 =8 xZIZgy gF=F
P, :09 times boost web pressure A F9Y & 9= Fig 19 22 o]FFg ZE9
P, : 11 times sustain web pressure % (Dual-thrust Profile)o] TH1]. Fig. 19| ©]F
P., : Sustain web pressure 9 Z23dS By HA A4 72 DAL
P’ : Reference pressure regarding I, W 2 FEHe Asstes F2E 7RHBoost
P, : Pressure where a & n change Phase), Mla® 2@ A2k gk e FHE A
s, Burning rate &3h= A =H ]l T1HSustain Phase), “12]aL l"%
2E el Mz FoR wAsHe A

T, : Propellant grain initial temperature

o] FZ}(Transition Phase)2 2 T}
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Fig. 1 Dual-thrust profile[1].

Wﬂga@%ﬂﬂwﬂ ﬂ%ﬁ%ﬂﬂ&%ﬂ%ﬂ.ﬂmﬁ% W%M% = a

il < & CUBRY T RO OB Onm Nogs F ~ G - =

ME%maﬂigﬂﬁ %%Mi .@%ﬂ%éaﬂw% 1;;%

ST aagBH W Noema S F g W (LA g

T SHR TR TRy d 2y L 0T . i

) T (W M op =N X T o T N g ll T o= = X

N g oo T ) = N o X = 3 ) o = = R B

%?i%&%@O_E%u.y%%%ﬂuEﬂ}a.@ o o N o oy = o

TP N a P E LT b TR EE R e i E o R
oV JI 0 Jl Ev ;mvﬂ_ i ,&l B AT O_E — X T 0 5.0 O# JH T _.E =, O_E ,Dl g <

pWE . T T B _ R amie TNz [ ) Y ol = Mo Ny ; <

b NN 20F TR ey w0 W F o WE S 4 HT S

L;l_s_zﬂlﬁr%ﬂﬂu7o_a o! O M E W = = wr F T > H & E I

p BT gy g R T o o o NI S EA S ] T EFTH L

T N I A R R W 2™ 5 . %mp 5 F

m]ﬁ]7éat% T szo]__oc,ﬂ o_ammanﬁea,_aeii u Ty 3B o m

N = = iy F W F o o ) o = O 4 ) o — F #o# - n___l < 7o "

A 2oy T m® X e_égiaMﬁAaftuvwﬂm a X LT

T T YT i;ﬂ.ﬂﬁﬂﬂﬁﬂwuﬂﬂﬂw} e %chﬂfr%

an%ww%ﬂg;.moEo#@a%@%u_. 1@.@@.&@%@7 %%Mo_ei%

O L LR S I R I B e

FY TR NN R DT N B ®TR I A I TN

wow e Moo AR N N W B <A T R oi = M o 4

T g 4 F X B WMo o BTREPD Wmﬁ@mw,ﬂaﬂ_ﬁﬂﬂ.

BERY glwe Pruei bomple afR PR Le 51
X T w T KM AR X T o g .mmﬂe_eﬂ,AﬂH E

mrt.whtdnﬁﬂorzu%u _oﬂoﬂu_:@l o W RW ﬂwQOﬂrlo]rﬂol - |

NET S pkdx BEL & Eooww U gHw gy

o_Eh..ﬂEodljlq}ﬂL - = — B RGN ﬂ%m@_/w\ VY

A B QT S Nk LR —m O g m_ Egdn ™

mﬁmﬂa%gﬂ,g Ly TR LT anuo%%}w@

B o T Y o iy ! T T BN — w b

o ErRmd AT Egc Y Do Fzn FEIT EPRacg :

I I R =S N L NI 5 P Cmw O E :

MRS S I L S R S P, |

RN R B T R R R L LR i

N o gh N Mo A= o 0 R No oy ™ T oo " ™ " g 2
w_lz‘.#‘OIZ_E‘mﬂlELE,OI‘wUﬂIA#w%E.*‘O'%oLL,WHaﬁ ﬂbl,._l_l an‘UI,mMObOmW_WO (a\m

e e ﬂo iﬂmoﬁ: w 0w (s & o A Mo 20w P g g S

N B N T . A |

B o 5w E R I S I I - |

N S IR Sl 3 N R |

50 5 W B9 T " P or Moo &R T T R T 2 g2 @

= ER R PFTRPRBEIIR BRI GFB T =F " & i

= ' A H P N Mo T OM Mo 4 T w = ™R < TN P e



K Mwi N
____m,ﬂ = e = wmimwﬁ iﬂﬂc_ﬁz
[0 S . o : AR Al a7
x ~Xq " B T W < noow =
s wmmLM BT TR CE TR dHEE ppe® 4%
T, T Lew iTage P TRGHCIE Gz
| T p B L 25 e Rhe®R" T R SO
ol %o%% 3 mwo_%@7 %ﬂﬂ@ﬁﬁﬂﬂ;@ﬂ o M%E_:T LI
—~ T = 3 = @ . W= Ko X oy
%_w_meﬂ ! @wﬂ@@ L_oﬂ@.ﬂmwﬁm\;_%ﬂwawﬂw mnéwz %%Wﬂ
= & ° e P o S %o X K 4
4L L S I T waaane CRR 4= y ERT
Mwmhﬂwe - mﬂ%%oﬂ Y %m%&@%%ﬂmﬂ g% & & I
R = N ~ g - > T = =% T .= { - T 3 %0
CRDRE T BT o 1auéigmwuﬁ%%ﬁawr.u;ommgalfaﬂ_f
T ] T E % TATEE § e o A TR X
TEyT o« T5T.d w%_ﬁ;&i?@?ﬂﬂﬁ AEE TS
. o]m,J-UH —_— e —~
oy oo g & T w iom_xﬂovﬂ%%%_x:ti%ﬂ%ﬂ%%@%%@%ﬂ
A SR ooy R ou RS %H@ﬂﬂ%%ﬂ% W =
T Tl NA,_ﬁi._oE._ o W (= Ca o o ZTL 1T N
W L Zfﬂ%mo_a#mﬂmw};t@%zﬂmagmﬁmwaﬂw
of T A A qﬂ%@ﬁm_. No = i ﬂﬂ T/_uﬂ.mn Wy EE% oy maw.
| mEew g 7R o o @.@%ﬂ.mo T T %ﬂowbﬂ,ﬂo_agﬁa_
o — B ) o E A_]]QAT,& ) =3 T ELNI
) e s 8 mai w%ﬁﬁmﬂmLmL.E_ﬂo_ey_oqoa
™ . - _Uu@ﬂﬂﬁg_ﬂmm%,mo@aﬁ.rmcﬁﬁmbtﬂ w
T o TI@EPR IR AN =3 R O
R _Z_.ﬂommﬁlﬂrﬂuﬂ _ R Mo K
A _~— =0 ﬂ;oi‘ul o) @ T R
- T o o ﬂE%iiEﬂmxmiT.
£ Mo =w Y w A_%%ﬁﬁg%gﬂ e & ¥
2 "X — . = = =
¥ 3z iadaiglz M&Hmﬂmmﬂnmmm_w @ =
—_ — . 0 by — 9 T oo W Y
LmE A,ﬂt %O%%E.ﬂ@é o w_#%zfuww:mmﬂmom.? iy
c ie._@ L & = < Rk 3 By = o
g ﬂo_%is Bl RS Afﬂﬂﬁﬂc_ w3 i
R ko A N pFEee 2T ® o W +
3 I ﬁm%ﬂlﬂﬂo 0T Eaa_%_%ogzﬂ,ur so T -7
= .LIXIJI J.oc?_ ﬂ% R A.__u1_.1r E._ ,ﬁ‘_lw_Al‘.mkl‘l = = _L -
o) = o e A A = RN e — B o 2 S ny S
YooY IReluwp i S8 i_x_ﬁi%o1].5%% = ¢ T <=
j & TR W N I & B T oK D > FOE S <
il I TN A ﬂa e = T M @DMA% . Y %ﬂ | =
il — N T . —~ i n S| <
7 - ﬂﬂj@@%hgy = s L lRupeEe I R D
<t 0o X ol o “_Ale]] o] AUl - s v —
= S mEEBER e L szwewNeﬁ_m_wa% SR X _,
H L X o W o ok o= N 2 o I R 5 ® U T I~
< ronAT]an.ﬂm e B%WﬁeméﬂMlEA+ﬁ 15
9B B 7 & =TT o= 0T o o
X o RO Al ﬁmMWmMEﬂrEi_.ﬁ LJM
%) = = . ©
& H R é%%%& g
4

A 2ARE



H243 H45 2020. 8. HYALZ 0lFFY RUZE| UEZHs EMYEH A7 5

- [web}f

r =
by — —
1-2 t2 tl

o= FCH/TT)

—
—_
N

~

ShAE Eq. 11914 A 2EHQl B Aix&=
T3t7] 98l Bad AzHd e ) A
Ade B4 A & 5 7] dIZol, AzEHA
2&E HAAFE $ET S T3 Mol
ol dasx BAAG @A FalloF o

| FelAE g dsh 23 A4
HEEZ Eq. 11, 129 Zo] 4 o
& daE= ¢ 8 BAASE
< FAAEY, mEbd Aol 73t
BAA ] WstE asfoF gt
A ME o] F3ollA dass: H
|5=7F ool o] shHol tia] d¥H o=
st 7Hg .

42 o

-

e N Y
[Ra

B orfr

(E oo

v,y — T
Prh‘b 7;)’5 (Pc 7P<:.L)+?7rh.s7
Ny = c.H c,L (13)

ty <t<t

Eq. 13914 A28l
AEY Mol 7319 dask
A, AzEHQd dads
14l Eq. 13& tidstd 78 5 Utk

] ]
12 ! !
| - - - Boost Web X
- - - Sustain Web |
o 10 !
>
) 0.9*P. .., 1
2 !
o 08 1 .
a | |
g |
R o6 |
‘s | | Transition !
1S ! '
5 | |
2 o4} '
1 1
11 |
02 V1A +P g
. C,sW
A —\]
1 1
00— :
0 0.2 0.4 0.6 08

Normalized Time

Fig. 2 Web and phase definition in the analysis of
dual-thrust rocket motors.
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Fig. 4 Configuration of the dual-thrust grain with the
star and end-burning grain[19].
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Fig. 6 Pressure and thrust data from GT.
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