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The Hybrid Rocket Internal Ballistics with Two-phase
Fluid Modeling for Self-pressurizing NoO 1
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ABSTRACT

The blow-down oxidizer feed system with self-pressurizing N>O has more advantages than the
regulated system. However, it is difficult to predict the exhaust flow rate because there exist two
phases in the N>O tank - liquid phase and gas phase, and the properties of N>O in storage tank are
varied continuously during blow-down. In this paper, a method that can analyse simply the
blow-down oxidizer feed system is studied. The properties of saturated N>O are found from the
NIST data base, and mass flow through the orifice is modeled as NHNE. Cold flow test with
hybrid rocket combustor is performed for the comparison where the results should found from the

good agreement.
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Nomenclature

A,,, : Orifice cross-sectional area, m’
(; : discharge coefficient

h : enthalpy, kJ/kg

m : mass flow rate, kg/sec

P : pressure, bar

S : total entropy, kJ/K

§ : specific entropy, kJ/kg-K

T}, : initial temperature (K)

v

3
tanp . tank volume, m

7 : compressibility
v : ratio of specific heats

K : weighting factor
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p : density
X : quality
Subscripts

inc : incompressible

NHNE : nonhomogeneous nonequilibrium
HEM : homogeneous equilibrium

L : liquid

V : vapor

1, tank : orifice upstream

2,0ut : orifice downstream

0 : initial
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2.2 Injector Model

Al ' vlEHE N.O #F9 e

ol wet JAH 2dys t2A s
o el NoOZF viE = 4-9-ol=, Dyer et
al.[4]2] Nonhomogeneous nonequilibrium(NHNE)
mdg Hgstth NHNE 2d 2 Aol 28§
Model’ 2}
"Homogeneous Equilibrium Model (HEM) & &
943 e 2, fFAo AAH IFALGTE V|E A
Az vE %Y He HEE ¥WE kE
weighting factor2 2§ 3t}

g 4 9+ ‘Incompressible

P — P
" R; _P2 (1)
M NN _ (m.inc/ Ay) +k (m;IE]\J/ Au) )
A, 1+k
. (minc/Aout) +k(mHEM/Aout)
M pout = Aout 1+x ( )
_ Aout Cd-om [ \/2pL(})tank_ Pout) (Pv - Pout)

\/Pvipout + \/Ptankipout

P2 \/2 (Ptank_Pout)(htank - hout)
\/Pvipout + \/Ptankipout

]

AF NO7F BF #lE5Hd &3 YFols 7]
A N,OT EA]317] wj&oll, NHNE 2a S &
3t NoO W& F &S 78 + stk 714 W=
2de 94F4 F5S A8&3ted chocking =7
Z} non-chocking =S Z ¥y FEE F gl
1, chocking 712 QIAE -3t R

Bk,

chocking : 4)

. 2 _
My out = (Amcd,m) \/’thankpv ( T+ 1 )MH)/(7 R

non chocking : 5)

. 2 P, .. 7,
Mo = (Amzzcyd,,,‘,)\/ﬁplankpqv[(f)2/77 (5—

tank tank

)(“,Jrl)/"(]

‘ Property correlation » | ahi, s, b, » | dotm, e
(NIST)

» Sm,rhoi,1| B | chis” i, »
¥ A
|T:T-o.o1‘»

Fig. 1 Two-phase Model Algorithm (Liquid-phase)
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2.3 Two-phase Model
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2.4 Experiment
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Table 1. Modeling Input Parameters
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Fig. 2 Model prediction compared with
measured result (Cold test)
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