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Abstract: Cold spray technology is a solid-state deposition technology, and the nozzle is an important part of the cold spray system.
This article proposes a right-angle nozzle. The characteristic of this nozzle is that it can change the flow direction of the gas flow inside
the nozzle to realize spraying on the surface of special parts; the acceleration of particles by the right-angle nozzle with different
particle entrances is studied. The results show that the outlet center velocity of the right-angle nozzle with a circular throat section is
greater, the viscous boundary layer effect is better, and the effective circulation area is larger; the maximum airflow velocity near the
outlet of the right-angle nozzle at the particle entrance A is 663.4m/s; it can also effectively avoid the deposition of particles inside the
right-angle nozzle, thereby reducing the loss of kinetic energy during the acceleration of particles in the right-angle nozzle; the
research on the structure of the new right-angle cold spray nozzle can provide reference for the nozzle of cold spray technology

Opinion.

Keywords: cold spray, right-angle nozzle, particle entrance, velocity.

1. Introduction

Cold spray technology is a solid-state deposition
technology that began in the 1980s [1]. Its working princi-
ple is: the particles are accelerated to supersonic speed in
the nozzle [2, 3], and deposit with the surface of the sub-
strate. During the deposition, a large number of particles
undergo plastic deformation, and finally a new coating is
formed on the surface of the substrate, and particles/sub-
strate and the particles/particles the connection are mainly
through mechanical bite [4, 5]. The nozzle is an important
part of the cold spray system; as shown in Fig. 1, cold spray
nozzles can be divided into: conical (@) and bell-shaped (b)
[6]; cold spray nozzles are mainly composed of three types
it consists of: convergence section, throat and expansion
section. As can be seen from Figure 1, the curvatures of the
constriction section and the throat of the cone-shaped and
bell-shaped nozzles are different. Research shows that
when the curvature radii of the convergence section and the
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throat are not the same. When it is large, the energy loss of
accelerating the medium and particles in the nozzle is min-
imal. The converging section, expansion section and throat
of the conical cold spray nozzle are connected smoothly at
three parts, while the connection curvature of the three
parts of the bell-shaped cold spray nozzle changes greatly.
From the perspective of structure and processing, the coni-
cal nozzle is selected. The management is more reasonable.

As shown in Fig. 2, the cross-sectional shape of the
nozzle can be divided into: circular (@) and rectangular (b)
[7]. At present, the widely recognized nozzle cross-section
is circular. Its advantages are: mature technology and sim-
ple structure; rectangular nozzle is not common. This type
of nozzle is mainly used for spraying rotating body speci-
mens. Among them, rectangular nozzle the disadvantage of
the nozzle is that the gas flow field in the nozzle is une-
venly distributed, and turbulence easily occurs at the edges
and corners, which will hinder the acceleration of particles
and cause particles to accumulate inside the nozzle. Fig. 3
shows the velocity cloud diagrams of a circular nozzle (a)
and a rectangular nozzle (b) with throat cross sections; it
can be seen from the fig. 3 that the velocity in the central
area of the circular nozzle is greater than that of the rectan-
gular nozzle. Moreover, the viscous boundary layer effect
is better than that of a rectangular nozzle, and the effective
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flow area is large. Summarizing the above advantages, this
article chooses a nozzle with a circular throat section.
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Fig. 1. (a): Cone-shaped nozzle; (b): Bell-shaped
nozzle

Fig. 2. (a): The throat has a circular cross-section;
(b): The throat has a rectangular cross-section

Fig. 3. Throat gas velocity diagram of circular
nozzle (a) and rectangular nozzle (b)

This article proposes a right-angle cold spray nozzle,
as shown in Fig. 4; the characteristic of this nozzle is that
it can change the direction of the air flow inside the nozzle
to spray special parts. The parameters of the right-angle
cold spray nozzle are shown in Table 1. The right-angle
turning radius of the throat is R = 5 mm.
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Fig. 4. Parameters of right-angle cold spray nozzle

Table 1. The design parameters of the right-angle
cold spray nozzle are as follows

Parameter | D, D De | Dp | Li L> | L;
Value/mm | 3.5 | 11.5 | 6.06 1 15 1 69 | 65

Five types of particles are accelerated in a right-an-
gle cold spray nozzle at different particle entrances. The
A, B, and C entrances of particle injection are shown in
Fig. 4; the pressure inlet is 1.2 Mpa, the gas temperature
is 500K, and the acceleration gas is nitrogen, the spray
particles are: Al (25um), A16061 (20um), Cu (20um), Ni
(20um) and Zn (20um).

2 Simulation results and analysis

2.1 Analysis of the airflow field inside the right-
angle nozzle

Fig. 5 shows the velocity flow field cloud diagrams
of right-angle nozzles with three different particle en-
trances. It can be seen from the figure that The maximum
speed of the air flow in the right-angled nozzle at particle
entrance 4 is 663.4 m/s; the maximum speed of the air flow
in the right-angled nozzle at particle entrance B is 643.6
m/s; the maximum speed of the air flow in the right-angled
nozzle at particle entrance C is 652.8 m/s; among them, the
speed of the right-angle nozzle of particle entrance A is the
largest; the maximum airflow speed areas of the right-an-
gle nozzle of the three particle entrances are all it is located
at the center of the exit, indicating that the gas in the right-
angle nozzle is always in an accelerated state and does not
reach the maximum speed before the nozzle exit. This is
the same as the result in the study in reference [8].

(a) Entrance A
E
I:
-l_-_—_: (b) Entrance B
P (©) Entrance C

Fig. 5. Velocity flow field cloud diagram inside
the right-angle cold spray nozzle with different
spray particle entrances
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It can be seen from Fig. 5(a) that there is an obvious
coupling phenomenon between the particle entrance air-
flow of the right-angle nozzle at particle entrance B and the
airflow after 90° turning, so that the speed of the airflow in
the expansion section of the nozzle is symmetrically dis-
tributed along the axial direction; particle entrance 4 and
for the right-angle nozzle C, the coupling between the air-
flow at the particle entrance and the airflow after 90° turn-
ing is small, resulting in the high-speed zone inside the
nozzle located in the upper part of the nozzle expansion
section, showing an asymmetric distribution, but as the
right-angle nozzle expansion section as the length in-
creases, the velocity distribution of the airflow gradually
becomes symmetrical, so at the end of the right-angle noz-
zle; due to the influence of the viscous boundary layer, the
velocity near the inner wall of the nozzle is lower and the
velocity in the center area is larger.

2.2 Analysis of particle velocity in right-angle nozzle

Fig. 6 shows the velocity characteristic curves of
five types of particles in right-angle nozzles with different
entrances. It can be seen from the figure that the five types
of particles are accelerated in the right-angle nozzle until
they flow out from the nozzle outlet. This is different from
that in Fig. 5 the results of the velocity flow field nepho-
gram inside the right-angle nozzle are the same; the speed
of the five kinds of particles is smaller than the speed of the
gas, because the acceleration of the particles in the right-
angle nozzle is driven by the drag force of the high-speed
gas in the nozzle. During the acceleration of the particles
in the right-angle nozzle. There is friction, which satisfies
Newton's second law. The velocity curves of the five types
of particles in Fig. 6 represent the acceleration of the parti-
cles. The particles move with decreasing acceleration in the
right-angle nozzle. From the analysis of the smoothness of
the curve, the right angle of the particle entrance 4 the ve-
locity curve of the cold spray nozzle is relatively smooth,
followed by the particle entrance B and C. Under the same
working conditions, the velocities of the five types of par-
ticles are different, which is determined by the physical
properties of the particles themselves.

As shown in Fig. 7, the velocity characteristic curves
of five types of particles in right-angle nozzles with differ-
ent particle entrances; it can be seen from the fig. 7 that the
particle entrance A right-angle nozzle has the best acceler-
ation effect on the particle, and the speed of the particles
can reach the maximum value; because the particle en-
trance is located on the left side of the throat, which in-
creases the acceleration time and distance of the particles,
so that the particles are always accelerated when they reach
the exit of the right-angle nozzle. This is the expected result
of the study; it shows that the expansion section of the
right-angle nozzle has the length affects the time it takes for
the particles to be accelerated, thus determining the maxi-
mum velocity of the particles in the right-angle nozzle.
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Fig. 6. Velocity characteristic curves of five types
of particles in right-angle nozzles with different
entrances

Fig. 8 shows the accelerated flow conditions of five
types of particles in right-angle nozzles with different par-
ticle entrances. From Fig. 8, it can be seen that the right-
angle nozzle with particle entrance C has the worst accel-
eration effect on particles, and the location of the particles
flowing out of the nozzle offset from the center of the noz-
zle outlet; the right-angle nozzle at particle entrance 4 and
B has a better acceleration effect on particles. The outflow
position of the particles is close to the center of the nozzle
outlet. However, according to the analysis of the flow of
particles in the right-angle nozzle, the particles the acceler-
ated particles in the right-angle nozzle at the entrance B de-
posit multiple times on the inner wall of the right-angle
nozzle, resulting in the loss of kinetic energy of the parti-
cles, which is detrimental to the acceleration of the parti-
cles; combined with the velocities of the five types of par-
ticles in the right-angle nozzle in Fig. 7 analysis shows that
it is better to choose the right-angle nozzle with particle
entrance A.
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Fig. 7. Velocity characteristic curves of five types of particles in right-angle nozzles with different particle
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Fig. 8. Accelerated flow conditions of five types of particles in right-angle nozzles with different particle entrances
(a): Al; (b): Al6061; (¢): Cu; (d): Ni; (e): Zn

effective flow area is larger, so the circular nozzle has a
3. Conclusions better effect than the rectangular nozzle.
2. The maximum speed of the airflow near the exit
1. The exit center velocity of a circular nozzle with  of the right-angle nozzle at particle entrance 4 is 663.4m/s.
the same throat section is greater than that of a rectangular ~ The five types of particles accelerate best in the right-angle
nozzle; the viscous boundary layer effect is better and the  nozzle at particle entrance 4.
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3. The particle entrance A right-angle nozzle can ef-
fectively prevent particles from colliding inside the right-
angle nozzle, thereby reducing the loss of kinetic energy dur-

speed before the outlet. It is recommended to further study
and discuss the impact of the length of the expansion section
on the speed of the accelerating gas and spray particle.

ing the acceleration of particles in the right-angle nozzle.

4. The maximum speed of the right-angle nozzle air-
flow for three different entrances is located near the outlet,
which indicates that the airflow does not reach the maximum
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AHaJI3 BXOy YACTHHOK PO3NWJIIOBAYa B NMPSIMOKYTHY (DOPCYHKY XOJIOHOTO
po3nuieHns Ha ocHoBi CFD

Kyn Tan!

U Hayionanvnuii aepoxocmiunuii ynieepcumem im. M.€. JXKyxoscorozo “Xapkiecvkuil asiayitinui incmumym ", Xapxis, Ykpaina

Anomauia. Texronozisi Xon00H020 PO3NUTIEHHS - e MEXHON02is MEePOOMITLHO20 OCAONCEHHS, A CONILO € BANCTUBOIO YACTHUHOIO CUCEMU
XON0OH020 po3nuneHHs. Y yitl cmammi 3anponoHo8ano npamokymue conno. Ocodausicmio ybo2o Conia € me, w0 60HO ModHce IMIHIO8AMU
HAanpamoK HOMOKY 2a3y 6cepeouni Conaa 0 peanizayii po3nuieHHs Ha NOBEPXHI CheyianbHux oemaietl;, 00CIIOHCeHO NPUCKOPEHHS Yac-
TNUHOK NPAMOKYIHUM CONIOM 3 PISHUMU 86X00aMU YaCMUHOK. Pe3yniomamu nokazyroms, wo 6UXiOHa YeHmpaibHa WeUOKICTb NPAMOK)-
MHO20 CONIA 3 KPYeIUM nepepizom 2opaa Oinbuia, eghexkm 8's13k020 NPuKopoOOHHO20 wapy Kpawuil, a epekmuena niowa yupkysayii oi-
JIbUA, MAKCUMATbHA UWBUOKICHb NOBIMPHO20 NOMOKY OISl 8UX00Y NPAMOKYMHO20 CONNA HA 6X00i yacmunok A cmanosums 663. 4 m/c;
8IH MAKOHC MOdCE eEeKMUBHO VHUKHYINU OCAONCEHHS YACMUHOK 8CEPeOUH] NPAMOKYIMHO20 CONAA, UM CAMUM 3MEHUWYIOYU 6Mpamu
KiHemuuHol enepeii’ nio 4ac npUCKOPeHHsi YacmuHoK y NPSIMOKYMHOMY CONIE; OOCTIONCEHHS. CMPYKNYPU HOBOI NPSIMOKYMHOL (popCyHKu
071 XONIOOHO020 POINULEHHSL MOJHCE CIY2Y8AMmU NOCULAHHAM HA HACAOKY MeXHON02ii X0100H020 posnunents Opinion.

Kntouosi cnosa: xonoone posnunenns, npmMoKymue Conio, 6xio 4acmuHoK, WeuoKicmby.
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