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Introduction. In order to produce coatings throughout the Cold Spraying Method it
1s necessary to accelerate the metal powder particles to high velocities by the means of a su-
personic gas flow taking advantage of the drag force produced in the interaction of particles
with the gas stream and the heat transferred to the particles [1]. Many laboratories around the
world are working on efforts to optimize the gas stream in order to achieve higher particle
velocities and temperature [1-8].

While in the Cold Spraying Process the particle velocity is the main responsible for
powder deposition it is important to firstly understand how the process parameters (operating
gas, pressure and temperature) and the nozzle geometry affect the particles acceleration. The
in-flight particles velocities through a nozzle can only be limited by the gas velocity itself
while certain parameters will help the particles to easier reach the gas velocity [7]. The use of
higher pressures, long nozzles, high gas temperatures, smaller particles and low molecular gas
weight can improve the particles acceleration. For practical uses, it is desirable the use of
lower pressure and lower operating temperatures to reduce gas flow and operative costs [9].

Table 1 - Commercial powder material properties provided by the Obnisk Center for
Powder Spraying (OCPS)

Powder Material %wt. and Size Zinc %wt. and Size Alumina %wt. and
Code Size

C-01-11 | g504wt. Cu | Size: 20um | 25%wt. Zn | Size: 10um | 10%wt. AL203 | Size:
SD 5 SD 5 22um SD 7

A-20-11 60%wt. AL | Size: 25%wt. Zn | Size: 10pm | 15%wt. AL203 | Size:
22um SD 6 SD 5 22um SD 7

N7-00-14 1 6s04wt. Ni | Size: 25um | 25%wt. Zn | Size: 10um | 10%wt. AL203 | Size:
SD 8 SD 5 22um SD7

The conventional approach in order to study the Cold Spraying process is by a isen-
tropic model of the gas flow which is described in detail in [10-11]; this model implies that
the flow is isentropic (the flow is adiabatic and does not have friction) for this same reason the
model ignores the existence of the boundary layer on the nozzle walls where the gas moves
slower than in the centerline of the nozzle and usually shows higher results than the data ob-
tained from experimentation [1]. The gas parameters (total temperature and stagnation pres-
sure) depend directly on the nozzle geometry and are functions of the Mach number while
they are being accelerated in the diverging part of the nozzle. While the flow enters into the
nozzle’s cavity the flow is accelerated or decelerated depending on the cross sectional area
[12-14].
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In this study the DYMET 405 Low Pressure Cold Spraying Equipment is analyzed
by the Computational Fluid Dynamics (CFD) methodology using Solidworks Flow Simula-
tion software. The objective of this analysis is to determine the in-flight velocity and tempera-
ture of selected powder materials C-01-11, A-20-11 and N7-00-14. In order to simplify the
analyses, the powder material blends in this study are assumed to be completely spherical and
pure, showing the same physical properties as in their original bulk state. Table 3.1 shows the
properties of the commercial powders provided by the Obnisk Center for Powder Spraying
(OCPS). In the model, first the gas stream through the nozzle is introduced, to subsequently
calculate the effects of the gas in the particle’s heating and acceleration. In order to corrobo-
rate the results from the CFD model, the calculated Mach number is compared with experi-
mentation using a supersonic pitot tube and the Rayleigh equation for supersonic gas streams.

Computational Fluid Dynamics model. In order to study the gas dynamic pa-
rameters of the air being expanded through the divergent part of the nozzle, the Computa-
tional Fluid Dynamics (CFD) method is used. Solidworks Flow Simulation® is used in order
to simulate the fluid dynamic properties of the expanded flow on which the thermal energy is
transformed into kinetic energy by the variation of the area in the SK-20 nozzle. The SK-20
nozzle is drawn and several simulations runs are performed for 424 C, 526 C and 632 C stag-
nation temperatures 70 with a stagnation pressure P0 of 0.8 MPa in all the cases. A substrate
is located at 10 mm from the nozzle exit in order to simulate the gas shock while impacting a
surface.

The simulation is performed for a 2-Dimensional plane of the nozzle which is consid-
ered symmetrical for the complete geometry. The computational domain is restricted
for X between -8mm and 142mm and for ¥ between -7.5 and 7.5mm. The fluid cells for the
model are 119422 cells while the cells for the solid are 31108. The calculations are performed
with a reference ambient pressure of 0.1MPa and a reference ambient temperature of 20.05 C.
A turbulence intensity of 2% is considered with a length of 1e-4m. The boundary layer is con-
sidered turbulent for this case. Fig. 1 shows the SK-20 nozzle geometry with an initial mesh.
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Fig. 1- SK-20 Nozzle profile with a contour plot of the developed Mach number at
T0=632 C and P0=0.8MPa with an initial mesh.

In order to study the interaction of the gas with the injected powder materials a "parti-
cle study" for each for the particles mentioned at the begging of this chapter is performed.
Solidworks Flow Simulation® particle study unlike to the isentropic method, calculates the
particles interaction with the gas taking into account a variable drag coefficient as a function
of the Reynolds and the Mach number of the particle, and with heat capacity as a function of
temperature. As well, the “particle study” takes into account the stochastic nature of turbu-
lence and how it affects the particles trajectory through the SK-20 Nozzle. Fig. 2-4 show the
results for of the performed simulations for multiple stagnation temperatures studied in this
model.
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Pitot tube experimentation. This section presents the experimentation performed in
order to quantify the effects of the boundary layer thickness on the Mach number of the ex-
hausted gas and corroborate the CFD model. The experimentation is performed with the use a
Pitot tube at the nozzle exit of the DYMET 405 Low Pressure Cold Spraying equipment. Fig.
5 shows photography of the setup for the experiment.

Pitot Tube

Fig. 5 - Mach Number Measurement experimental setup

During the experimentation the dynamic pressure g. and the static pressure p, are
measured and evaluated for the Mach number M using the Rayleigh Supersonic Pitot equation
Eq. 1,

K 1

qe _(k+1,. .\ k+1 k-1
Ps_( 2 MI) ((1—k+sz=))

(1)

There is an accuracy level for determining the Mach number when using the Pitot tube
method. This accuracy level is in the range of a +5% mistake and is caused by total pressure
losses of the gas when traveling along the nozzle [1]. Fig. 3.6 shows the measurements taken
from the experimentation at different stagnation temperatures; it is understandable that the
stagnation temperature doesn’t affects the Mach number in despite that the boundary layer is a
function of the gas velocity. According to experimental data the Mach number at the SK-20
nozzle exit is between the 1.5-1.55 range approximately; these results agree will with the CFD
model in a range of +5%.
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Pitot Tube Measurements at different Temperatures
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Fig. 3.6 Pitot tube readings for the dynamic and static pressure ratios

Conclusion. In the present study the Computational Fluid Dynamics methodology was
applied using Solidworks Flow Simulation software in order to calculate the gas dynamic
properties of supersonic expanded air through the SK-20 nozzle. The study was performed for
regular operation parameters for the Dymet 405 Low Pressure Cold Spraying system. A parti-
cle study was performed in order to determine the particles velocity and temperature of mate-
rial powder blends C-01-11, A-20-11 and N7-00-14 from the Obnisk Center for Powder
Spraying (OCPS). The results were plotted for three different stagnation temperatures show-
ing the gas dynamic characteristics and the particles temperature and acceleration. In order to
validate the results from the Computational Gas Dynamic calculations experimentation with
a supersonic pitot tube was performed. The static and dynamic pressure readings are used
together with the Rayleigh supersonic pitot equation in order to determine the Mach number
at the nozzle exit. Static and dynamic pressure readings were performed for several stagnation
temperatures and it was found that there is a good agreement with the results from Computa-
tional Fluid Dynamics methodology; it was found as well, that even is the gas velocity in-
creases for each stagnation temperature, the thickness of the boundary layer does not increase
much for different stagnation temperatures keeping the Mach number at the same range. It is
concluded from this study, that the Computational Fluid Dynamics methodology is a tool that
can bring accurate results for the study of the gas dynamic properties of the Low Pressure
Cold Spraying process.
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H. Canales, A. Lytvynov, S. Markovich, A. Dolmatov
COMPUTATIONAL FLUID DYNAMICS MODELING OF A LOW
PRESSURE COLD SPRAYING NOZZLE.

The fluid dynamics design and optimization is one of the most important tasks in order
to improve the Cold Spraying process. In the present study the Computational Fluid Dynam-
ics methodology is applied in order to study the fluid dynamic characteristics of the super-
sonic airflow through the SK-20 Low Pressure Cold Spraying nozzle attached to a Dymet 405
Cold spraying system. A particle study was performed in order to determine the particle ve-
locity and temperature of several powder materials commercially available. In order to vali-
date the calculations, the results from the Computational Fluid Dynamics methodology are
corroborated with experimentation using a supersonic pitot tube that measures the static and
dynamic pressure from which Mach number at the exhaust of the nozzle is determined. In this
study, it is found that the experimental data agrees well with the results obtained from the
Computational Fluid Dynamics methodology.

O.Kananec, A.A. JlurBunos, C.€. Mapkosuu, A.l. /lonmatos
OBYNCIIIOBAJIBHE MOJEJIFOBAHHA I'TAPOAVHAMIKI COILIA
XOJIOJHOI'O HAITMJIEHHSI HU3BKOI'O TUCKY.
Po3pobka Ta onrumizaiii TiApOAMHAMIKHA COIUIA € OJHUM 3 HaWOLIbII BaXKIMBHX 3a-
BJIaHb JJISI TOTO, II00 MOJIMIIUTH MPOIEC XOJIOAHOTO HAIMUICHHS. Y IIbOMY JOCIIKEHHI 00-
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yucmoBaibHa MeToauka Fluid Dynamics sika 3aCTOCOBY€ETBCS IS TOTO, OO BUBYUTH JUHA-
MIYHI XapaKTePUCTUKH PIIUHU HAI3BYKOBOTO MOBITPSIHOTO MOTOKY 4epe3 comio SK-20 cuc-
TEMH XOJIOJTHOTO HANMJIEHHSI HU3bKOTO TUCKY, 0 BXOAUTH 110 ckiaay cuctemu JMMET 405.
JocipkeHHs YaCTUHOK OYyJI0 BUKOHAHO ISl TOTO, II00 BU3HAYWTH MIBUAKICTh YaCTOK 1 TEM-
nepaTypy y KiIbKOX PO3MOBCIOIKEHUX MOPOIIKOBUX MaTepiamiB. i1 mATBEpKEHHS PO3-
paxynkiB meronoiorii Fluid Dynamics, Oynu BHKOHaHI €KCIIEPUMEHTH 3 BHKOPHCTAHHSIM
HaI3BYKOBOI TpyOkH [1iTo, 110 BUMIPIOE CTATHYHUH 1 JMHAMIYHUN TUCKH, B SIKUX BH3HAYa-
€TbCA YMCI0 Maxa Ha BUXJIOINI coIuia. Y HOMY JOCIHiIKEHHI OyJ0 BUSBJICHO, IO EKCIEpH-
MEHTaJIbHI JaHi J00pe y3ropKeHi 3 pe3ylbTaTaMy, OTPUMAHUMH 3 OOUHCITIOBAIEHOI METO/I0-
aorii Fluid Dynamics.

O.Kananec, A.A. JlurBunos, C.E. Mapkosuy, A.l. JlonimaTtoB
BBIYNCJIUTEJIBHOE MOJEJIMPOBAHUE TN APOANHAMUKU COITIA
XOJIOJHOI'O HAIIBIJIEHM A HU3KOI'O JABJIEHHMA.

PazpaGoTka ¥ onTHMM3aLUs THIPOAMHAMHUKHM COIUIA SIBIISICTCS OJHMM W3 Hamboiee
Ba)XHBIX 337a4 JUIA TOTO, YTOOBI YIYYIIUTH MPOLECC XOJIOAHOTO HamblIeHUA. B aToM uccre-
JIOBaHUM BBIYMCIHTENbHAs MeToauka Fluid Dynamics koTopast mpuMeHsieTcs sl TOro, YTo-
OBl M3yYHUTh JUHAMUYECKUE XapAKTEPUCTUKU )KUKOCTH CBEPX3BYKOBOT'O BO3/IYIITHOTO ITOTOKA
yepes comio SK-20 cucteMbl X0I0IHOTO HAMbIICHUS] HU3KOTO JaBJICHUS, BXOASIIUN B COCTaB
cucreMbl JIUMET 405. MccnenoBanue 4acTUI] OB BBITIOJIHEHBI JUIsl TOTO, YTOOBI Ompeie-
JUTHh CKOPOCTb YACTHIl U TEMIEPATYpPy B HECKOJIBKHX PACIIPOCTPAHEHHBIX MMOPOIIKOBBIX Ma-
tepuanoB. /[ moarBepxkaeHus pacdetoB metomnosnorud Fluid Dynamics, ObutH BBITOTHEHBI
HKCIIEPUMEHTHI C NCTIIOJIH30BAHNEM CBEPX3BYKOBOM TpyOKu [11TO, M3MEpSIONIMIA CTaTHYECKHI
U JUHAMWYECKUH NTaBJIEHMs, OT KOTOPBIX ompenensercs yucio Maxa Ha BeIxsione cormia. B
ATOM HUCCIIEIOBAaHUU ObLTO OOHAPYKEHO, YTO HKCIEPUMEHTAIbHBIE JaHHBIE XOPOLIO COTiacy-
IOTCS C pe3y/IbTaTaMM, TIOJTYYEHHBIMU C BBIYUCIUTENbHOM MeTogonoruu Fluid Dynamics.

O. Kananec, A. A. JlutBunos, C. E. Mapkosuu, A. B. JlontmaTtoB
OBUMCIIIOBAJIBHE MOAEJFOBAHHSA I'NAPOANHAMIKU COIUIA
XOJIOAHOT'O HATIMJIEHHA HU3BKOI'O TUCKY.

Po3pobka 1 onrumizais TiIpoJWHAMIKKA COTUIA € OJHWUM 3 HaWOUIBII BaXKJIMBUX 3a-
BJIaHb TSI TOTO, 00 MOJIMIIUTH MPOIEC XOJIOAHOTO HAMUIEHHS. Y bOMY JTOCIHIKEeHHI 00-
yucmoBaibHa Metoauka Fluid Dynamics sika 3acTOCOBYETBCS AJis TOTO, IO O BUBYUTH JMHA-
Mi4HI XapaKTepUCTUKH PIIMHHU HAJA3BYKOBOTO MOBITPSHOrO MOTOKY uepe3 comio SK-20 cuc-
TEMH XOJIOJHOTO HANMUJIEHHS HU3bKOTO THUCKY, 110 BXOAUTH 10 ckiaxy cucremu JIMET 405.
JlocikeHHs YaCTUHOK Oy BHUKOHAHI JJIsi TOTO, 100 BHU3HAYUTH IIBUAKICTh YACTHHOK 1
TEMIIEpaTypy B JACKIIBKOX MOIMIUPEHUX MOPOIIKOBUX MaTepiamiB. JIJis miaTBEpKEHHS po3pa-
xyHKiB MeTojosorii Fluid Dynamics, Oyiu BUKOHaHI €KCTIEPUMEHTH 3 BUKOPUCTAHHSIM HaJl-
3ByKOBUH TpyOku IliTO, 1110 BUMIPIOE CTATHUHUNA 1 TUHAMIYHUNA TUCKY, B/l IKMX BU3HAYA€Th-
csl uncino Maxa Ha BUXJIONI coruia. Y bOMY JOCHTIKEHHI OylIo BHSIBICHO, IO €KCIIEPHUMEH-
TaJIbHI JJaHi 100pe y3roKyThes 3 pe3ylbTaTaMH, OTPUMAHUMU 3 0OYUCIIOBAIBHOT METOO-
aorii Fluid Dynamics.
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