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Numerical Studies on Rheological Characteristics of Gel Propellant
with Regard to Tapered Injectors
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Abstract: For the sake of rheological characteristics of gel propellant with regard to tapered injectors, an
incompressible fluid solver , in which shear—thinning Power—Law model was used in the viscosity constitutive
equation, was developed based on synchronous overlap—add (SOLA) staggered mesh. Sicilian— Hirt partial
cell treatment was applied to deal with the solid wall boundary. A series of simulations for the rheological process
of gel propellant were implemented. Numerical results indicate that numerical model and methods are applica-
ble, having good agreement between numerical solution and analytical solution in which relative errors are within
10%. Tapered injectors can strongly promote the shear—thinning behavior of the gel propellant, in which mean
apparent viscosity can reduce by nearly 70%. On the contrary, the slim tube stage goes against the shear—thin-
ning behavior. The mean apparent viscosity at the exits of the injectors, which at 50° is only 50% in accordance
with 10° , decreases with increasing the convergent semi—angle, unexpectedly resulting in much more pressure
loss of the injectors.
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Fig.1 Drawing of the injector
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Fig. 2 Computational domain and boundary condition
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Fig. 5 Sketch of verified pipe flow
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Fig. 6 Comparison between numerical and analytical

solution of the radial velocity

Table 1 Geometry of injector at different L,/d ratios

Case D/mm Ly/mm al/(°) d/mm Lo/d
1 0
2 1
4 20 20 1
3 3
4 5
(T [ [

VIS/(Pa -s) 0.02 0.06 0.10 0.14 0.18 0.22 0.26 0.30

(a) Casel

ViS/(Pa - s) 0.02 0.06 0.10 0.14 0.18 0.22 0.26 0.30

(b) Case2

VIS/(Pa -s) 0.02 0.06 0.10 0.14 0.18 0.22 0.26 0.30

?

(c) Case3

VIS/(Pa - s) 0.02 0.06 0.10 0.14 0.18 0.22 0.26 0.30

(d) Case4
Fig. 7 Viscosity field of different length-diameter ratios
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Fig. 8 Mean apparent viscosity profiles of different length-

diameter ratios at the convergent stage
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Fig. 9 Radial apparent viscosity profiles of the exits
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(a) Central cross-section of convergent stage
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Fig. 10 Axial velocity of the central cross-section of the convergent stage and exit of the injector
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Fig. 11 Central axial apparent viscosity and mean apparent viscosity of different convergent semi-angles
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Fig. 12 Mean viscosity of the exit vs

convergent semi-angle
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