
Accepted Manuscript

Title: Numerical Simulation on Syphonage Effect of Laval
Nozzle for Low Pressure Cold Spray System

Author: Huang Guosheng Gu Daming Li Xiangbo Xing
Lukuo Wang Hongren

PII: S0924-0136(14)00189-7
DOI: http://dx.doi.org/doi:10.1016/j.jmatprotec.2014.05.014
Reference: PROTEC 14001

To appear in: Journal of Materials Processing Technology

Received date: 19-8-2013
Revised date: 9-5-2014
Accepted date: 11-5-2014

Please cite this article as: Guosheng, H., Daming, G., Xiangbo, L., Lukuo, X.,
Hongren, W.,Numerical Simulation on Syphonage Effect of Laval Nozzle for Low
Pressure Cold Spray System, Journal of Materials Processing Technology (2014),
http://dx.doi.org/10.1016/j.jmatprotec.2014.05.014

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/doi:10.1016/j.jmatprotec.2014.05.014
http://dx.doi.org/10.1016/j.jmatprotec.2014.05.014


Page 1 of 16

Acc
ep

te
d 

M
an

us
cr

ip
t

1 
 

Numerical Simulation on Syphonage Effect of Laval Nozzle for Low Pressure 
Cold Spray System 

 
Huang Guosheng1,2*，Gu Daming1, Li Xiangbo2, Xing Lukuo2, Wang Hongren2 

 
1. School of Science, Harbin Institute of Technology, Harbin, China,150001 

2. Science and Technology on Marine Corrosion and Protection Laboratory, Luoyang Ship Material Research Institute, Qingdao, 
China, 266101 

 
Abstract 

 
Instead of injected by high pressure powder feeder, powders can be drawn into the nozzle by syphonage effect generated by 
supersonic gas flow in low pressure cold spray. This characteristic makes low pressure cold spray conveniently for on-site operation. 
However, no data have ever been reported on the relationship between the nozzle structures and the gas flow in the powder feeder pipe. 
In this paper, a CFD software (STAR CCM+) was used to calculate the gas flow in nozzle of the DYMET413commercial low pressure 
cold spray system. Variation of structures and process parameters based on the commercial system were also investigated. The 
syphonage effect is strongly influenced by the powder feeding location, the temperature and pressure in prechamber has little effect on 
syphonage effect in powder feeder pipe. The syphonaged gas will decelerate the gas velocity and low down the gas temperature in 
nozzle, so it is best to control the mass flow rate of powder feeding gas by selecting the location. One of the disadvantages is that the 
particles will collide with the nozzle wall which makes the nozzle a short service life. 
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General symbols 
A Nozzle cross-sectional area λ Molecular free path 

Cp Specific heat Dp Diameter of particle 
Cd Drag coefficient FD Drag force 
H Convective heat transfer coefficient Cc Stokes drag Cunningham correlation 
M Molecular mass  ug Velocity of the gas flow 
m  Mass flow rate ρp Particles density 

P Pressure ρ Gas density 

R Gas constant u Viscosity of gas 
Re Reynolds number k k equation coefficient 
T Temperature ε Turbulence energy dissipation coefficient 

V Velocity ueff Effective viscosity coefficient 
X Axial distance from the nozzle throat S Mean-velocity strain-rate tensor coefficient 
Fx Source term αk  Reciprocal of effective Prandt1 of k equation 
αT Reciprocal of effective Prandt1 of energy equation  αε Reciprocal of effective Prandt1 of ε equation 
up Velocity of the particles α Impacting angle 

 
1. Introduction 

 
Cold spray, also called cold gas dynamic spray, or kinetic spray, was found by Alkhimov et al. (1994) occasionally in a wind-tunnel 
experiment. They found that a metal particle will adhere to substrate when the particle exceeds a certain velocity named critical 
velocity. McCune et al. (1995) found that cold spray is a bulk solid coating deposition process which is totally different from 
conventional thermal spray methods. Cold spray coating is oxidation free and low porosity due to its relative low temperature and high 
kinetic energy which arouses numerous interests in industrial application. Especially the high depositing efficiency makes cold spray 
suitable for rapid prototyping of copper and titanium. After many years of intensive research and development, as well as numerous 
trials, cold spraying has completed the transition from an emerging process to a commercially viable method for coating various high 
performance machine components.  
 � 
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