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Flow Simulation of Simulant Gel Propellant with Al2Os
Nano Particles in A U-Type Duct
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ABSTRACT

The Present study uses non-Newtonian simulant gel propellant mixed by Water, Carbopol 941, and NaOH
solution in order to analyze the gel propellant flow behavior. Rheological data have been measured and
obtained prior to the analysis of flow characteristics where water-gel propellant as well as water-gel
propellant with AlOs nano particles are both used. The critical Dean number were examined by
numerical simulation of gel propellant in the U-shape duct flow. It is found that though gel-nano
propellants have higher apparent viscosity, the critical Dean number did not showed notable difference
with respect to the water-gel propellant. It is believe that this is due to the fact that the power law
index of both propellants have close value, as was demonstrated by Fellouah et al.[1]
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Table 1. Power-law data of simulant gel propellant

Gel Type K(Pa—s™") n
Water-Gel 12.4379 0.2753
Water-Gel +
ALO: nano particle 18.6905 0.25
(0.05% Vol.)

1000000

E Gel(Carbopol 941-0.5wt%)

©  Gel+AL O, 0.05vol%

100000

Viscosity(mPa-s)

10000 4

1000 — T el
0.1 1 10 100
Shear rate(1/sec)

Fig. 1 Rheological data of gel propellants
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Table 2. Dimensionless geometrical parameter & proposed
by Delplace and Leuliet[16]

b/a | 1 |133| 4 5 8 | oo
€ |7113|7.238 | 7.774 | 9.116 | 9.787 | 12
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Fig. 3 Schematic of the various vortices in curved
channels. (a and ¢) Flow without instability; (b
and ¢) flow with Dean instability[14]

dutx oz FHY FFolAM= Fig. 3(a)(c)<
E oA corner vortices?} 343 =,
47 Dean 4= ©]FolA= Fig. 3(b)(d)}+ #°l

=9} 3o Dean vortices’} EA o] oA &

Ao 7 A =Ht}t. Dean vorticesE &elste W
< helicityS §3 #A43% axial velocity
gradient& 3 #24o] 7lestr, B AFA
= 7 case®] WA helicitys: F1st= %
WS AHES S g

Helicity= vorticity®} £=¢] UH oz A o5
M 5o Hog yehdd.

<!

H=(v*x 1) 3)

3. 2}

AT
J—L

Figure 49} Fig. 52 U= JA7t A=A &
& E£F BEAF A FAAS v 427 J7kE
BEAL A FRA 9] §=180" A2 vortices
e 727t =43)s gl

De=280 h 0
De=300 hg 9
De=350 h" Q‘
De=3580 g‘ . &
De=420 | : : o

T 'I ] - _ - = —o ]

De-ts0 [j, ~ ¥ 3
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