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ABSTRACT

A quasi one-dimensional multi-phase reaction flow analysis code is developed for the
performance analysis of liquid pintle thrusters. Unsteady flow field, droplet evaporation, finite
reaction and film cooling models are composed as the major models of the performance analysis.
The droplet vaporization takes account of Abramzon’s vaporization model, and the combustion
employs a flamelet model based on detail chemical reactions. Shine’s model is applied for the
film cooling calculation. To verify each model, the Sod shock tube, single droplet vaporization,

kerosene droplets combustion, and film length are evaluated.
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Nomenclature t : Time
T : Temperature
A : Area Tis : Gas temperature
Br : Heat transfer number T : Droplet temperature change rate
By : Mass transfer number T : Droplet temperature
Co - Drag coefficient u : Conservative vector
Cp : Specific heat ” : Velocity
Cpo : Vapor specific heat Ug : Droplet velocity
D : Chamber diameter x : Axial coordinate
Dy + Droplet diameter Y : Filtered mass fraction
D, : Droplet diameter change rate Yy - Film mass fraction
E : Total energy Yinf : Gas mass fraction
F . Flux vector Yy -kt species mass fraction
Fp : Drag force V4 : Mixture fraction
Fr : Correction factor for film thickness ¢ : Non-dimensional parameter
H : Total enthalpy a, 8 : Beta function parameters
h : Enthalpy p : Density
hy : Vapor enthalpy ¢ : Equivalence ratio
Le : Lewis number
Lce : Combustion chamber length
m,,, : Droplet evaporation rate LM B
m : Total film mass flow rate
. AE A= A= AsiAle ZAEA A
My, : Evaporation mass flow rate ' ]
, 32 59 faAolE = H zee AojE +
Myprain  © Entrainment mass flow rate 9l= Al o|ch Eﬁj E(Hole)@ 7} &2
1y : Droplet mass ©liyd 274271 Yo /1\_§]_zﬂ_g]_ Azol il
Nus : Film Nusselt number n= ;(.]_g_ 7h O}D} zgo uAE FAoA o
Nugp : Modified film Nusselt number 27 B Zo|A URE Hoste] $ES A3
p : Pressure or statistical probability = gaolt}h o= TxHOT wadAur Hu
density function ¥ # =S AR e ol Yok
q : Heat transfer rate per unit volume W, £3¥Le IE Ty} LFoln ALkFoz
. : Heat transfer rate per unit volume r2 d13e WAz dEel AEd {3
due to convection o7} 7bsstth. AR WE RES] o]F - W%
d o B33 o
q rod : Heat transfer rate per unit volume oA TeHoR HHIE Wl o
. HUE BAVIE ofFE 2 254 (Lunar Module
due to radiation o
. Decent Engine, LMDE)oll HZ= A&-H ATH1].
q : Total heat transfer rate B _ N
. LMDEE: eHg#el 2 35S siste] We 9
: Heat t f te to droplet
q eat transfer rate to drople melo] sl AU A7t Thsslol Fo
> + Source vector w RE BAIZE olo] $EH ULk LMDE °lF
Shy : Film Sherwood number

SCf

: Film Schmidt number

o= TRWolA FZ ol sjure A3glon o
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221 Spray 22zl
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3} o] AT & Aok

_ o [pu) 7D
Fd_CD(7)|“|T (4)
24 6
G=gt TR +0.4 )

71A ek Az Ag o
Hed o ole

Abramzono] A|¢tet WHE AMESIRow Ad

m =—&D7r log(1+ By) 6)
evp SCf d luf Y)
Y,—Y
_ 7 inf
By=—— 7 @)
Cw(T)X(];n T)
qr, My et BT L ! 7hf!1(7}) (8)

71X B,E @A ET(heat transfer number) ©]
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= LB s 5 o)
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Nu,, —2
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223 U 2hHZE (Liquid Film Cooling)
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Fig. 2 Schematics of droplet vaporization.
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(1) dA FF £EF 1} AaTpse

Reynolds Number A4t

(2) vpEAS ALk

(3) Stanton number A4t

4) A= Ak

(5) AL ALt

(6) &% Stanton number} blowing ratio A4k

(7) *% &&(Entrainment fraction) A4k

(8) 718t=l= AFE A4t

9) @9 dF2e] & AEFF At

(10) &5 Zo] Azt

Z ARt A AHREE EAAES LTt
2 dE9 dEger B dAFdie dad
o B 2= Y, I59 BE 2EE AHE
skt

224 X7

FAAAEE o83t o A4 (reconstruction)
71" MUSCL(Monotone Upstream Scheme
for Conservation Law)$&, Riemann 3l
AUSM(Advection Upstream Splitting Method)
71¥<E, AZF AHESE 3% Runge-Kutta 71 &

88k TH12].

31 f5% Y A

F54 4ol Qold Fx4 AL T
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2
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| | |
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Fig. 3 Schematics of sod shock problem.
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(a) Pressure
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Fig. 4 Pressure and temperature profiles at 0.612
msec after removing of diaphragm, Sod
shock problem.
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Fig. 5 N-decane droplet evaporation.
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