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Summary of Doctoral Dissertation

Title of Doctoral Dissertation:
A Study on Pneumatic Conveying Characteristics of Suction Nozzle with Injection

Pipe for Powders and Particles

Name: Hiroshi Kouguchi

This thesis describes the study on performance improvement of the suction nozzle with an injection
pipe.

Chapter 1 describes the background of the pneumatic conveying technique. This chapter shows that
various kinds of powders and particles are used in the various industries concerned with
“Manufacturing”, that conveying and transporting are always required to supply powders and particles
to the manufacturing process, and that pneumatic conveying is one of them. The past study concerned
with the main component of the pneumatic conveying system was researched, and the fact that the
suction nozzle with injection pipe invented by Fukuhara Laboratory has a very high performance is
described. In addition, the purpose of this study and this structure of this thesis are described.

Chapter 2 describes the test apparatus and test procedure. Owing to the unique characteristics of
powders and particle pneumatic conveying, the points to note are described in data capture and data
analysis. Additionally, various features for acquiring accurate data are shown as characteristics of
experimental apparatus, description of experimental method, and definition of main performance
values are shown.

Chapter 3 describes the test result. In this chapter, the effect of the nozzle depth to the pneumatic
conveying characteristics of suction nozzle is described. For practical use, it is assumed that the
suction nozzle is operated with the lower end of the nozzle embedded in the granular layer. Therefore,
it is necessary to obtain basic data on the influence of the depth of burial at the lower end of the nozzle
on the suction nozzle performance. As a result of the experiment, it was found that when the nozzle
depth ratio is in the range from 0 to 0.3, the effect of the nozzle depth ratio on the mixing ratio is
considerable, especially when the insertion depth ratio of the blowout pipe is 0. Moreover, when the
nozzle depth ratio was 0.3 or more, it was shown that the effect of the nozzle depth ratio on the loading
ratio is miniscule in any of the injection pipe insertion length ratios. With regard to the above results, it
was possible to explain the experimental results of nozzle performance by clarifying the behavior of
the powder from the relationship between the “collapse boundary” and the “flow boundary” of the
powder obtained in the visualized image. Also, if the nozzle depth ratio was other than 0, the suction
nozzle could not operate if there was no injection flow, but since the suction nozzle operates by
supplying the injection flow, the effectiveness of installation of an ejection pipe on the axis of the
suction pipe which was proposed by Fukuhara Laboratory was substantiated.

Chapter 4 further describes the test result. In this chapter, the effect of the suction velocity on the
pneumatic conveying characteristics of the suction nozzle is described. There are particle shape, particle
diameter, particle density, and the like for the physical properties of various powdery and granular
materials present in the industry. Among them, the influence of particle diameter on the performance
of the suction nozzle is discussed. The effect of suction velocity is examined using a mean particle
diameter of 64um, and as for the operating performance, The optimization of the geometry of the



suction nozzle with respect to operating performance was also evaluated. As a result, it was confirmed
that for various suction nozzle geometric conditions, the mixing ratio hardly changes even if the
suction velocity is changed variously. As the suction velocity was increased and the nozzle depth and
the insertion length of the blowout pipe were increased, the minimum limit flow velocity increased in
the high flow velocity ratio range and the maximum limit flow velocity decreased in the low flow
velocity ratio region. It was found that the operation range of the suction nozzle is widened by adding
the insertion length of the blowout pipe rather than adding the nozzle depth. By visualization, the flow
field condition of minimum limitation flow velocity ratio and maximum limitation flow velocity ratio
was confirmed and these flow field conditions are qualitatively shown by the relation between the
powders and particles inflow by injection flow and the powders and particles inflow from rotation of
the suction nozzle.

Chapter 5 also describes the test result. In this chapter, the effect of the particle diameter on the
suction nozzle performance is examined with respect to five kind of powders and particles in the range
of 49um to 272pm in a volumetric median diameter as a mean particle diameter. As a result, almost no
influence of the particle diameter on the loading ratio was observed except in the case of the average
particle size of 49 um. By visualization of the flow boundary, it was found that almost the same
distribution is shown except for the case of the average particle size of 49 pum, so that the influence of
particle size is hardly observed. By this result, it is understood that this phenomena corresponds to the
effect of particle diameter on the loading ratio. In the case of mean particle diameter of 49 um, the
loading ratio decreases in comparison with other conditions under the condition that the blowing flow
exists. In addition, similarly to the characteristics of the loading ratio, it was reported that the effect of
the particle diameter on the nozzle performance (the total pressure loss of the discharge pipe, the total
pressure loss of the suction nozzle, the suction nozzle efficiency) was hardly observed. Evaluation of
the pressure fluctuation of the air pressure on the wall surface in the suction nozzle showed that the
agglomerative property of mean particle diameter 49um is the factor of the loading ratio decrease.

Chapter 6 summarized the conclusions of Chapters 3 through 5.



