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Abstract 

A novel self-stirring tubular reactor driven by pressure 

energy used in bauxite digestion process is presented 

originally in this paper. This reactor combines the 

advantages of autoclaves and conventional tubular 

digestion equipment, it can restrain scale at high 

temperature and high pressure and intensify mass and 

heat transfer. Stirring of the novel reactor only needs 

the pressure energy of the liquid. Performance of 

self-stirring reactor driven by pressure energy was 

studied in this paper. High-speed photography was 

adopted in the paper to research the effects of various 

factors on rotating speed in the self-stirring reactor 

driven by pressure energy. The results demonstrated 

that fluid pressure has the most outstanding effects on 

stirring speed of the novel reactor, and the effects of 

fluid density and viscosity on stirring speed are minor. 

Introduction 

Since tubular digestion theory was presented in the 

early 1930's till now it gradually matures, its 

technology is extensively applied [1], Tubular 

leaching reactors can realize higher temperature and 

pressure than autoclaves, which is the major 

development direction of bauxite digestion technology. 

The pulp presents high-speed turbulence, which 

intensifies mass and heat transfer, and no backmixing. 

It can observably cut down the digestion time and 

improve the utilization rate of equipment [2-5], 

Tubular digestion reactors synthesize chemical 

energy, stirring speed, reactor 

kinetics and diffusion kinetics, and use high 

temperature and turbulence to promote the digestion 

process of aluminum ore. The economic effects are 

very outstanding. However, tubular digestion 

equipment has a big disadvantage, i.e. serious scaling 

problems [6], 

Aim at the two problems, improvement of digestion 

reaction and inhibition of scale, a kind of self-stirring 

tubular reactor driven by pressure energy is originally 

presented by Northeastern University [7]. This reactor 

combines the advantages of autoclaves and traditional 

tubular reactors, the own energy of high pressure fluid 

is utilized to drive agitator to rotate, which realizes the 

stirring action of reaction medium to promote the 

reaction process. It structurally solves the problem 

that traditional mechanical agitation reactors are 

hardly high pressure sealed because of the need for 

power drive element. It is a novel pressure leaching 

reactor [8]. 

High speed photography is adopted to research the 

effects of various conditions (fluid density, viscosity, 

pressure) on stirring speed of tubular self-stirring 

reactor, which provide theoretical basis and technical 

support to application for alumina industry of the 

novel reactor. 

Research method and equipment 

Research equipment 
On the basis of comparison and research domestic and 

overseas multiphase leaching reactors for years, 

around improvement leaching reaction and heat 
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transfer efficiency. Northeastern University presents a 

tubular self-stirring reactor, design and process the 

experiment equipment of tubular self-stirring reactor 

driven by pressure energy, which is shown in Figure 1 

and Figure 2. 

U Ü - I η q P i 
E C η h k 

Figure 1. Structure of self-stirring reactor driven by 

pressure energy 

1-left end cap 2-inlet 3-drive turbine 4-reactor 

cylinder 5-flexible scraper blade 6-fixed screw 

7-frame agitator, 8-stirring shaft 9-bearing bush 

10-rightend cap 11-fixed screw 12-outlet 

Research method 

High-speed photography was adopted to measure the 

rotate speed of self-stirring reactor in the experiment. 

Drive turbine under the action of high pressure fluid 

drove the coaxial agitator blade to rotate. Hie agitator 

blades in the operation were continuously shot for a 

time by the high-speed camera to obtain 

high-definition images of agitator blades in 

continuously variable positions. MiDAS (software of 

high-speed camera) was used to get precisely how 

long the agitator blades rotating η laps took, then the 

agitation speed was obtained in accordance with 

N=n/t. 

Research results 

Effects of fluid density on Stirling speed 

Figure 2. Photo of the self-stirring reactor driven by 

pressure energy 

The specific sizes of self-stirring reactor are shown: 

pipe range is 1000 mm, inner diameter 0 198 mm. 

When the inlet flow rate is 0.301 m3/h, inlet pressure 

is 5 MPa, 1/2 height of reactor diameter is taken as the 

base level, 1/3 and 2/3 heights of diameter are taken 

as planes of measurement along the base level up and 

down. The stirring speeds are measured at the liquid 

levels above. The instrumentation plan of liquid level 

is shown in Figure 3. 

The effects of fluid density on stirring speed in the 

condition of various liquid levels and fluid pressure 

when calcium chloride solution (viscosity μ=1.0 10"3 

Pa s) is the fluid are shown in Figure 4(a)~(e). 
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H r l / 6 D 

Figure 4. Effects of fluid density on stirring speed at 

different liquid levels and fluid pressures 

Figure 3. Instrumentation plan of liquid level 
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Figure 4. Effects of fluid density on stirring speed at 

different liquid levels and fluid pressures 

At various liquid levels, when the fluid pressure 

Pi=0.5 MPa. P2=1.0 MPa. P3=1.5 MPa. the stirring 

speed of self-stirring reactor first magnifies then goes 

smooth with the increasing of fluid density. At the 

liquid level of H r l / 6 D , H2=2/6 D. when the 

densities are in the 1.0 10"3 kg/m3~1.31 10"3 kg/m3 

range, the effects of density on stirring speed are 

obvious. When P,=2.5 MPa. P6=3.0 MPa. at low 

liquid levels ( H r l / 6 D~H 3=3/6 D). the effects of 

density on speed are minor. At the liquid level of 

H4=4/6 D, the stirring speed decreases obviously with 

the increasing of density. At H5=5/6 D, the speed 

increases markedly with the increasing of density. 

Effect of fluid viscosity on Stirling speed 

Figure 5(a) ~(e) show that when the syrup aqueous 

solution is the fluid (density p=1.0 10"3 kg/m3), at 

different liquid levels and fluid pressures, the effects 

of fluid viscosity on agitation speed are researched. 
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Figure 5. Effects of fluid viscosity on stirring speed at 

different liquid levels and fluid pressures 
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Effects of fluid pressure on stirring speed 
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Figure 5. Effects of fluid viscosity on stirring speed at 

different liquid levels and fluid pressures 

The effects of viscosity on stirring speed are minor. At 

liquid level of 1/6D, stirring speed fluctuates greatly 

with the variation of viscosity, in other conditions, the 

viscosity has small effects on stirring speed. 

Figure 6(a)~(e) show that the effects of fluid pressure 

on stirring speed with the fluid (density p= 1.0 10"3 

kg/m3) at different viscosities and liquid levels. 
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Figure 6. Effects of fluid pressure on stirring speed at 

different fluid viscosities and liquid levels 
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Figure 6. Effects of fluid pressure on stirring speed at 

different fluid viscosities and liquid levels 

Figure 7 (a)~(b) show that the effects of fluid pressure 

on stirring speed with the fluid (viscosity μ=1.0 10"3 

Pa s) at different densities and liquid levels. 
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Figure 7. Effects of fluid pressure on stirring speed at 

different fluid densities and liquid levels 

As shown in the figures above, in various conditions 

of viscosities and densities, the stirring speed 

increases with the increasing of fluid pressure, and the 

range of increase magnifies with the rise of liquid 

level. 

Conclusions 

Effect of various conditions on stirring speed of 

tubular self-stirring reactor driven by pressure energy 

is researched in this paper. Hie main conclusions are 

as follows: 

(1) Fluid pressure is the biggest of various factors 

which has effects on stirring speed, the stirring speed 

goes higher with the increasing of fluid pressure. 

(2) The effects of density and viscosity on stirring 

speed are minor. Overall, when pressure is low, 

stirring speed slightly increases with the increasing of 

density, when the pressure exceeds 2.5Mpa, stirring 

speed instead slightly decreases with the increasing of 

fluid density. At liquid level of 1/6D, stirring speed 

fluctuates greatly with the variation of viscosity, in 

other conditions, the effects of viscosity on stirring 

speed are minor. 

References 

1. Dr.Andre Lalla, Dr.Rolf Arpe, "12 years of 

experience with wet oxidation," Light metals: 

Proceedings of Sessions, TMS Annual Meeting, 2002, 

177-180. 

33 



2. Lu Xinyu, "Development of metallurgical 

equipment industry in 2008 in China," Shan Dong 

Metallurgy, 2008,30(6),84-85. 

3. Robert Kelly, Mark Edwards, "New technology 

digestion of bauxites," Light Metals, 2006, 59-64. 

4. Orban F, Solymar K, Steiner J, "Processing of 

Monohydrate Bauxites by Tube Digestion," Light 

Metals 1989,1989,1(1), 1027-1034. 

5. LI Wang-xin, SONG Pei-kai, "A New Process 

Technology of Bauxite Concentration-Tube Digestion 

for Alumina Production," Light Metals: Proceedings 

of Sessions, TMS Annual Meeting, 2002, 95-100. 

6. CAO Rong-jiang, "Some Problems of Domestic 

Tubular Leaching of Bauxite," Nonferrous Metals, 

3(1989), 35. 

7. ZHANG Ting-an, ZHAO Qiu-yue, ZHANG Zi-mu, 

et al., "A Kind of Tubular Self-stirring Leaching 

Reactor," Patent, 2013. 

8. ZHANG Zi-mu, ZHAO Qiu-yue, LV Chao, et al., 

"Flow Characteristics of a New Kind of Self-stirring 

Reactor, "Doctoral Forum of China(Metallurgy 

Engineering, 2013, 671-674. 

Acknowledgment 

This research was supported by the National Natural 

Science Foundation of China (51204040,U1202274), 

Fundamental Research Funds for the Central 

Universities(N130702001),the National 863 Plan 

(2010AA03A405, 2012AA062303), the National 

Science and Technology Support Program 

(2012BAE01B02), National Program on Key Basic 

Research Project of China (973 Program) 

(2012CBA01205). 

34 




