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Summary of Doctoral Dissertation

Title of Doctoral Dissertation:
A Study on Pneumatic Conveying Characteristics of a Suction Nozzle with an Annular

Injection Pipe for Powder and Particles

Name: ISHIHARADA Shuichi

This thesis describes the study on pneumatic conveying characteristics of suction nozzle with an
annular injection pipe.

Chapter 1 describes academic and industrial background in pneumatic conveying technology. On
the academic aspect, the preceding research in Japan and overseas is investigated, and the
comparison object for clarifying the characteristics of the suction nozzle equipped with an annular
injection pipe which is the subject of this paper is defined. On the industrial aspect, considering
the various types of powder and particles applied in the field, the direction of the industry for this
technology is shown, and the positioning of this research is described. After understanding them,
purpose of this research and the structure of this thesis are explained.

Chapter 2 describes experimental apparatuses and methods. The whole picture of the apparatus
and details of the nozzle shape are explained, and especially on the nozzle shape, the structure of
the suction nozzle which combines two types of injection pipe inlets improved in this experiment
is described. The evaluation method of the experimental data is described, and the definition of
major performance values such as mixing ratio and nozzle efficiency is shown. Additionally,
experimental conditions from Chapter 3 to Chapter 5 are systematically described.

Chapter 3 describes the experimental results of the effect of the injection pipe inlet radial
position on nozzle performance. In contrast to the characteristics of the countercurrent suction
nozzle (Type A), it is found that Type B which is the characteristics of the suction nozzle with the
injection pipe installed on the outer periphery newly proposed in this paper is co-current, and the
aeration phenomenon is dominant. At past, Type A is utilizes the fluidazation effect. This suction
nozzle was initially assumed that the injection flow from the outer pipe periphery would be an
inhibitor of the powder inflow from the lower end area of the suction nozzle. However, by
investigating the effect of the outlet mounting position when the injection flow velocity of the
injection pipe is set as equal, it is found that the limit mixing ratio of both is almost the same. The
investigation of the outlet flow velocity effect while the injection pipe is installed outside of the
suction nozzle indicates that there is the dependence on the injection flow rate for each boundary
as well as the mixing ratio, since the fluidization boundary and the collapse boundary hardly
change respectively. It is also found that the operating range becomes narrower at the concurrent



flow Type B compared with the countercurrent Type A. And the fluidization of powder and
particles can be suppressed when the injection pipe is installed outside of the suction nozzle.

Chapter 4 describes experimental results on the effect of insertion length of suction nozzle and
injection pipe on nozzle performance. When the effect of insertion length of suction nozzle on the
mixing ratio is examined, it is not affected by the insertion length of suction nozzle since there is
almost no change in the case of Type B as in the case of Type A. By examining the effect of
injection pipe insertion length in the high flow ratio range, it is confirmed that the increase rate of
the mixing ratio is larger in Type B. However, if the insertion length is too large, the limit mixing
ratio of this condition becomes small and unsuited as an operating condition. Among these
experimental conditions, it is also indicated that selecting Type A with an insertion length of
injection pipe is suitable to operate in this range, since Type B cannot be operated in the low flow
ratio range. In addition, as a result of examining the magnitude correlation of the influence factor
in each Type on the mixing ratio, it is confirmed that in the case of Type A, the insertion length of
suction nozzle influences larger than the insertion length of injection pipe, and in the case of Type
B, the insertion length of injection pipe influences larger. Evaluating from the optimum condition
perspective on the nozzle performance, Type B is confirmed as sufficiently applicable in the high
flow ratio range as the nozzle efficiency indicates almost the same value when the mixing ratio of
both Types is maximized.

Chapter 5 describes experimental results on the effect of suction velocity and particle diameter
on nozzle performance. In order to accurately evaluate the effect of particle diameter, it is
necessary to understand the relationship between the floating velocity of the test particles and the
suction velocity in the nozzle. The case of Type A has been investigated from the perspective of
the operating range magnitude. Regarding this perspective, in this chapter, investigation from the
viewpoint of high efficiency and high concentration is conducted according to the purpose of this
study.As the result, examining the effect of the suction velocity on the mixing ratio and nozzle
efficiency, it is not significantly affected by the suction velocity since the case of Type B showed
almost the same tendency as in the case of Type A. When the effect of particle diameter in Type
B is examined, the result of Type B is as same as Type A on the case of the condition which is
high efficiency(case of add the insertion length of suction nozzle). Both Type are not significantly
affected by the particle diameter.

Chapter 6 summarizes the conclusions of Chapters 3 through 5.





