
Title Theoretical and experimental investigation on the centrifugal and mixed-flow impellers with
particular reference to the slip factor of impellers

Sub Title
Author 酒井, 俊道(Sakai, Toshimichi)

Publisher 慶応義塾大学藤原記念工学部
Publication year 1968

Jtitle Proceedings of the Fujihara Memorial Faculty of Engineering Keio
University (慶応義塾大学藤原記念工学部研究報告). Vol.21, No.86 (1968. ) ,p.230(102)- 231(103) 

JaLC DOI
Abstract
Notes Summaries of Doctor and Master Theses
Genre Departmental Bulletin Paper
URL https://koara.lib.keio.ac.jp/xoonips/modules/xoonips/detail.php?koara_id=KO50001004-00210086-

0133

慶應義塾大学学術情報リポジトリ(KOARA)に掲載されているコンテンツの著作権は、それぞれの著作者、学会または出版社/発行者に帰属し、その権利は著作権法によって
保護されています。引用にあたっては、著作権法を遵守してご利用ください。

The copyrights of content available on the KeiO Associated Repository of Academic resources (KOARA) belong to the respective authors, academic societies, or
publishers/issuers, and these rights are protected by the Japanese Copyright Act. When quoting the content, please follow the Japanese copyright act.

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org


230 

Theoretical and Experimental Investigation on the Centrifugal 

and Mixed-ftow Impellers with Particular Reference 

to the Slip Factor of Impellers 

Toshimichi SAKAI (酒井俊道)

In designing centrifugal or mixed-flow impeller， the slip factor which gives re-

lation between the number of blades and the delivery head， is emtloyed as an 

important factor. Methods to estimate the slip factor of centrifugal and mixed-

flow impellers have already been derived by several authors. Because of the dif-

ference of derivation， the expression of the slip factor derived by these authors 

does not coincide well. Also， in the range of smaller number of blades， the slip 

factor evaluated by these expressions give lower values than the experimental re-

sults. 

The author derived theoretically a formula of slip factor of centrifugal and 

mixed-flow impellers which showed fair coincidence with the experimental 

results even at the range of smaller number of blades. Relation between the slip 

factors of impellers and the performance characteristics of compressors are also 

clearly explained. 

In chapter 1 the definition of the slip factor and formulae for slip factor which 

have already been derived by several authors are shown. Also， the method of 

theoretical analysis by the author is shown. 

In chapter 2 the experimental investigation of the slip factor of centrifugal and 

mixed-flow impellers is described. 

In chapter 3 the slip factors of these impellers are evaluated by the analysis of 

potential flow. Although the actual flow pattern in the mixed-flow impeller is of 

three dimensional， the author analysed the flow on conical surface as two 

dimensional， because the three dimensional analysis of turbomachinery is not es-

tablished up to the present stage. The results of this analysis showed lower values 

than the experimental ones. It is conceivable that the deviation depends on the 

choice of boundary condition in the theoretical analysis. Analysis of this chapter 

is assumed that the relative eddy is enclosed wholly within the impeller channel~ 

but it is considerable that the relative eddy passes over the exit periphery of im-

peller. 

In chapter 4 the author observed the boundary of the relative eddy formed 

within the impeller channel by photographic method and showed that the outer-

most boundary of the relative eddy near the impeller exit lied out of the exit 

periphery of the impeller channel and further found the deviation of the utmost 

(102) 



Theoretical and Experimental Investigation on the Centrifugal 231 

boundary of the relative eddy is primarily influenced by the number of impeller 

blades. 

In chapter 5 the relative flow in the rotating impeller channel are experiment­

ally examined. By this experiment it is ascertained that the slip factor depends 

on the strength of relative eddy. The viscosity, compressibility and the secondary 

flow have small influence on the slip factor. 

In chapter 6 theoretical calculations of slip factor of radial bladed centrifugal 

and mixed-flow impellers are shown. By this calculation, the boundary conditions 

derived in chapter 4 is used. These calculations need much time for computation, 

so that the formulation of these consequence of calculation seems practically sig­

nificant. The analytical consequence of slip factor is formulated as 

1 2.4 (1 0.83 ) . p= --- --- sm r 
z+3 z 

where z is number of blades and r is angle between rotating axis and conical sur­

face. This formula shows fair coincidence with the experimental results even at 

smaller number of impeller blades. 

In chapter 7 the relations between slip factors of impellers and the characteristics 

of compressors are shown. 

Chapter 8 is the conclusion and the results of this investigations are summarized. 
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