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Abstract

Due to the low deposition resolution of low-pressure cold sprayj, it is unable to achieve fine coating.
To improve its accuracy, the aim of this study is to optimize the geometrical parameters of the
commonly used convergent-divergent-straight nozzle to improve the gas flow field status for
higher quality deposition. The results show that the throat diameter is the key parameter affecting
particle velocity, and a larger throat diameter can generate higher particle velocity. In addition,
the length of the divergent section and the straight section also affect particle velocity, and need to
be optimized. The smaller the powder injection angle, the smaller the impact velocity of particles,
but the impact on particle velocity is not significant when the angle exceeds 60 degrees. Experi-
mental results verify that the throat diameter should not be less than 1.8 mm, otherwise an effec-
tive coating cannot be formed. This paper optimizes the geometrical parameters of the low-pressure
cold spray nozzle through simulation and experiments, providing parameter design guidance for
further improving the accuracy of low-pressure cold spray.
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1. 518

AR E 20 tHhad 80 EARHEA LISk, BRI MR 1 DURRMLERIM 52 ) V2 GVE[1]. MR R, ¥
W P A RE DR R P R PSS RS M, ATOOR RS BB R, TERTAMRLIT Kk 5 5 it il i
BRI E RN 2], L HERRE, ABHRERCERIINH TSR, K. fEUE.
A W) R 2 S A

IR AT DLy A IR A 18t (LPCS) Al i A TR (HPCS) 28, I A BHERIE H <1 Mpa, = KA BTR
HH>1 Mpa, HAIAF] 100 Mpa, K5 FI 4 BTG &R T LLE T & R AR R ATV [3]. SEE
ARG, AREABHR A 5355 LR RIS . A BRI SRR R (R 90%LA |), 1
TR AR P ARSI D R DTRURR, E 2 T RIS 8IS SO R 2 2 A, R A /R 0&E BE AR
TUAR R A] LA A 58 43 76 B8 7 ] 385 5 R (Addictive Manufactory) 4T /2 4% 58 K B4 4 [4]

MAESEM TG HOR Grh, SR AR R EIGR T 0] 73 R X — B S5 X T ROt Rt
(SLM)FEA,  FLA )53 H 2 2 0GR IR R R (RL S Y E [5] 0 KTV MR (14 72 [ 43 3% 2 T B T Mg
AR RIIIR, SWEMERTH O EARSYIAROE, S A SR W I RSHAE 5~10 mm [6], {H Xk RATH &
B SR T DL A HEAT 55 o NG /INA RIS SRS, B AT R B AT SR . — R AN
AR, WERMR B EIT R —ANEER, A RE o BURTC A BIAFEAR b, T SO UARZ IR TR
[7] (R FIEE SRR IR, WAEH T HNE . ) — R o s e 45 5 B B R N
H O HSR ELAE. R.Lupo A1 W.ONeil FIBFFT240[8], AT LA 0T HH Tk FR00) A U5 5 38 Skt b i 34% i R R
PRI AT REME . X K.Suo, T.K.Liu SEAIF 5 & B H A0 i o 5 2 5 M URL 20 A1 [9] .- Zaikovskii 254

\
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HUREIR M M o] LSO SRR ST, TS MR s K /IN[10]. Rl B3 —3R /2, ASova 5@
Laval MEHE4E/NBIME ST ELAZ 0.5 mm. H D B4R 1 mm, S2ELT 98 AL 1 mm (4i/NGH4E s [11]. 76 RS 7T
1, Sova Fl Smurov {8 LAY BTHEDTAR AR R, WA MBS AT HI7E 1.7~1.8 mm LAN, (HIR)Z% NS,
SomER R, RUIMAEET B E[12]. B Laval BEHESN, WS - fRLFIIR SN - Bl - A RYmEmE
W TR . AHUSSR - R EBIE ANIE SRR SR A, ARSI X S I R A AR [13] [14]. PRltk, R
AR 2 R R - B - s, ELER A B LR KN 2 O L BE[15] . 4% BT, WEMESS M iAb 2
TNA BRI S BE T E, (AIETE R 25 RERBRITS0CGEH T R4, BEG R0 FWibE
SO E AR R B IS0 . Ak, 1% CDB (convergent-divergent-barrel) i LA 45 kA0 Ak DL s 3
A SR VE BB S, X AT VR AR R FL 00 B 7 )

R, A TR S B 5 S A 25 A I 7k, B SRR VA i b s F e - R - BT
WS PR L AR 285 48 S EON SR AR ) 2 (R G A, SCIRT I S5 M R A BT, DAHIERAS B8 ks
FERITAsTR, BRI R A BRI iR e e 5.

2. BUEHEMSER
21 BERALRE

U 07 F AR AE R AL B Fluent (Ver 21.1) #2521, Sl i B AR ASEAUL A I o A2 o s 1) P &1
TGS, RN T BRI AT A 54 o BT AN 70 AR AL R AN G R R DA BRSO ) ff
FENL T ISR =R, THEEIXI I 1 PR BRI TR BE VR AN, IR IE BN
0.7 MPa, 208 773 K, KA AR i 0t 101 1T A& B H SR R X i v B o s 0t e, R
/I 0.1 Mpa, {5208 SR WM TR HE VT BN N i FLAt I R B (T 22 80 B oM b o T EAT 07 0T
o B ABURLE I s 77 R 1 1R NI P, RIAR BT B B O O mis, T IR Y RIS . T
FERSEMSER 2, MARIENEMKERE 2 m, WSCRA B AL R, XREKMXEe FHEXR
MITH SRR, MARIMERAZEAK, AT AR, HBE TRMEN B, fM)E R ARENE
WP . BE AP BEE N AR AT 3 DAL AN, SR AR B 1 pR A AT I BE AR, TRt i ) BE T 5
WA =4 24 [16]
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Figure 1. Schematic diagram of computational domain
1L HEXEREE

WS A RS 7R DO A A R 3 — N TRIACIR IR R 0 2R, W] 2 Bl o S KA RSB R 0.3 mm, fe/h
JH A% BB 0.05 mme SKABZIK 2 PR 0T 12 32 04T A% Sl 43 S 0l W6 8t 11 Ak A i34 o 2 AL 2
WiE 2 Fros. SRR S EE 2 880,000 L, RE 7 MASE BETC OGRS R . XFE T4 440,000,
1,000,000 A1 15,000,000 HIPIREEE L5 R, RIIAE 440,000 MASHIEGL R, HTMEKIREZE, 18
FARBEL, AR AR PR ECE T AR T, 5 880,000 Mk & 145 F %A BB % 5 .
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Figure 2. Schematic diagram of polyhedral meshing strategy for computational domain. (a) Nozzle and powder feeder pipe,
(b) Nozzle exit surface and (c) Barrel part and exit region
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kit k TIEREL & RIMMFAERAREREL 1y RABKERE, o, o Ma, s52RETTTE KA
& JIREIA RO WIRFEEL, S /TR BN AR SR sk R 8L, WAL C,, C, MC,, i/ %2 0.085, 1.42, 1.68.

FEAVAT E R F R RASIURL, %N 2.7 glem®, 43 T &2 87 g/mol, BRI E 4% 1% E N 20 pm,
FURLIFIIN# % 0.5 g/s, {1 Fluent 1 DPM B H{ORH AR ke v H SRURURE IR I U 72 LA AR A1 L, el TV iR
FRURLARBRLE AR AR 5 FOARN, T DR AR R IAL, WA 25 R DR A PRI S o RORSE PR BEL D A 7 i
PR A ERINDY Spherical B8, AT 28 IS S RS IR T-40 0 A T BEALERER AU, FEIX A
DU, A% SO ALIRT 2 (DRW) R AR T KL 338 FE 1) 3 7 1 [19] o

22. HATSRHSY

K% B SRR A AT B 5. PN, T4, BURH RS — VR S AT R B R A W
FEIL BIWCSIARHERT , B /S MU A AL () B R A AR S, THET b EEREOR E Y 2, MAShRFAE
TR IE L ALE SRR

AR AR AT R, AT CDB Wi B, IR, DUE RN FEST SRS,
ROIEAT A LA SR PRSI, TSR N S B N 0.8 Mpa, ERN 773 K, M E A MIE 5
W 1.5, 1.8, 2.0 mm. YR4EEHIME B S, 7, 9, 11, 13 mm. ELFEBHME > 72k 60, 70, 80, 90,
100, 110, 120 mm. MyoRVESHEEMIEE 30, 45, 60, 75, 90 f&F, HAME MBS HWE 1 Fin.

Table 1. Summary of nozzle geometric parameters
= 1. BELERRNS

U YIRCIE S PN

D (mm) 10
D1 (mm) 1.5,1.8,2
D2 (mm) 3
D3 (mm) 2
L1 (mm) 7
L2 (mm) 5,7,9, 11,13
L3 (mm) 60, 70, 80, 90, 100, 110, 120
L4 (mm) 20

B ARTEANAEC) 30, 45, 60, 75, 90

2.3 scHidiE

R BRI AR, A Tl =R RS E AR B, 2 TN CER, WREBKE,
RANHEAR, KEBBKE, BEBRKEAMERE, Hs%910 mm. 2 mm. 7 mm. 9 mm. 80 mm, WBiHsH
AT R A, A B 0 5 8 ) DA ROR I P B — N s, SR RORE G R s, BRI S B2 PR, AN
MU Wl 3 Fror, SR80 AT BRI A R B 2% B AL S R T R AR A BR A &) AR =
8 Q235 E NMHIR IR, (EFHLUIF AR FEA, FHARIH w5 280 F1 600 IRPARFTES .
AR ARAE RN, K/NTE 10~50 pm Z[7] o SR 48 SAE IR A, TETE R L7124 0.8
Mpa 1 773 K, AT E4E S0 A TAESE, e O B PE RS 20 mm. 7ERMBENREFER S,
HERHAYVIRNEAS RN ZEIM. A5, MH B ISR 28I T A BE, DU ORI T 5
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Figure 3. Convergent-divergent-barrel nozzle

B 3. U8y - &E - ERERENE

3. HRENH
3.1 BEHEERESH
3.1.1. REPEEXFRLEE FIRE N

K 4 BoRA A A EARAEAN LS 174 0.8 Mpa, T8 773 KN WM 3 (Ui ) S FE A4 . NI

FHR] SR = A ] WD AP A PAY A TR A B R R i S B oK, FE R R AR S 1.5 mm (AT
B IAH) T T 1000 mis, {HE S I BT 4R SRR BE S 350 mis, {HIEFRELAEN 1.8 mm AT 2.0 mm [
P R T B AR A R ARANR], AR IR BB B B R B, TR R SR R B, T A2 BAR 27 850 mifs i FE fR K
—BBEES, R R, S =R A Y A AL, SRR b, FEMTE H AN
DB, MEEEE NEEE, KA MNAER. &RIX IR R 2, BRI B4 T DOE 5 2

R, T MU B AR RO RN, AL, O RE 2R 35 B e P R BR B IS, WM AE L 11 AT R

T b, XDy, XFT CDB Wi, B B e R AR SR AR BT

SR 1/pa
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Figure 4. (a) Gas pressure variation along the centerline; (b) Gas velocity variation along the centerline
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5 S 1 AN RIS ELARAE S FURE o ol L AR B B2, TEMTRR R 1, BEE WA ELAR G N,
R P 2 25 BTN, T R AR B, JEHL WA ELAR AN 1.5 mm Z24LE) 1.8 mm FRI e, UKL A o
IR BEIE AN E O TG i AR AE LA Bt T R, AR OB ) e S B X e e, O ARy 1.5 mm R g
IRMETE AT RO UTRR 3 BROZ AR I G B IR AL, 2 AN [ e 8 EL A I A P A AR B S5 2R, Wl ELAR K
IR PRV g 66 B N R RS BE IR B 1 — A B AR, HLORSS 7 BRBE S, T ELAR /N (R g s A
AT AR R AR 1 P A ) P A AR B A i, HORUREAE M5 A 15 B0 28 35 e R AR T B 7 4
I AT RUASE PR b o 3 PS8 AR AR o PRI, 2 BE TR T v R IR,y - P PR K i 70 2 40HE 1 Mipa
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Figure 5. Effect of throat diameter on particle velocity and temperature
[ 5. MERERE X BURLE B R E RS20

3.1.2. Wi & BiUER K B AN E 4K BE o) TR B AR BE RO RS M

K 6 SRR 1 T OB B ORI B AR IR . TEMTI RS 1, BEE AU EZ RN,
R b o el P S TG B T AT R IS AT R R, AR R BB R 11 mm (IR B TN EE, XS 1R
GEIRhrI% /R T 1) A HIBUR B8 N 5 BUBURLE FE AR (L B SRl XS5 R, fE CDB Wi,
BEVHE IS IR OB B RE 5225 (1 4 iR UKL I P e P2 o BRANIE WA B, i FE AR A i 35 I 5 Sk o o
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Figure 6. Effect of convergent length on particle velocity and temperature
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Figure 7. Effect of barrel length on particle velocity and temperature
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8 S 1 AN ACTE N A X JURE e o il AR BE AR5 . NIRRT LTS I L, B B R
NFAPERISGIN, Ok o T T EERE A BT, (HATEN DRI 6075, MR i AR AN K, AR R AR
SE o X ULHIFEAR A R AT T, B A HITE N Ay OGS RIURE fie 4 AR B BE S M AR X B/ R, SR
JEvemiiRs, WU ESEFAR R EEREAT I, AL 2 AN AR . 2 B DL DU A
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HE NI B, FATARTE N A LR f5e 24 ot JEE AR S AN K

600 600
—a— Particle velocity
—e— Particle temperature
500
500
= ¢ S P 4 400
= X
g =
= =
% 400 . 300 I3
z e, o
£l =
® 200
300
100
200 ! ! 1 ! ! 0
30 45 60 75 90

ARENFE/(°)

Figure 8. Effect of injection angle on particle velocity and temperature
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LR PR, SRAVCRE A BRRBOR, AT LB £ f] S (Kob A4 ) 1 ELVE AN TT 3, T AN 25 P8 R 7
TENAEE, AT 7 RGBT AR, X /R AR A R R P LA (K — ML B T 7E .

3.2. SEIELER KR

FE LRI AR 2 AE T, AN R AR AR AT 1 iR IR 5] 9 o SPRKEL,
HEAEN 15 mm I, TR RA IR, TR R WO IR 1M A B4Ry 1.8 mm I I E A
W2, AAREAFAER MY, M HANEEEEDY 10~50 um AR AR, 1206 AEAE 5 5 40 /N ks 21l 5t
W UM EAARN R 2.0 mm B, REREENGE, RRMEY, (AEAEHE 5 mm, KB H N
FLAR 3 mme 34T i AL AT RE DM L G BOR i s B, AR S B2 388 I 0K 2 5 DA BRI e
ARG R LR . 1] 10 A8 A DG AR AE 200 F5 RN W SE8aTR 2 B IO 45 4 2o, TR
FAEY 1.5 mm (W TCIE I B R = ORI AT . AT DL I A S 2, kAR EL42 0 2.0 mm
(I 1S 2 R = A 2T o, LI RR TR B ELAR 1.8 mm R . X2 H1 T 2.0 mm iR
IRIURE ELAR 0 A Y ), REAE B8 20001 3RAS AL 5 B DN B B v o il P o 3K — SRR 45 RARIE T 8UfE
DI T, ROWRES EAR O, modl R OB, ORI SRAS S A8 70 ARG8T 5 e A o ok 2 A
EUFIIUUAR B . AT FUR B, R 3 IR W A A2 R DA AR v W OB o ) Ot

(®)
Figure 9. Coatings of CDB nozzle with different throat diameters. (a) 1.5 mm, (b) 1.8 mm, (c) 2.0 mm
B 9. FEIMRARE RIS - K8l - ERIBIERIBUREER. (2) 1.5mm, (b) 1.8 mm, (c) 2.0 mm

Figure 10. OM microstructures of the cross-section of Al coating deposited using different throat diameters of CDB nozzle.
(@) 1.8 mm, (b) 2.0 mm
E 10. XFEMRETERAREMRIRER CDB B TR AN HMNEL . (a) 1.8 mm, (b) 2.0 mm

DOI: 10.12677/m0s.2023.126445 4913 A ()


https://doi.org/10.12677/mos.2023.126445

VST

4, 4Eig

FTHUE 0T MRS R AT G, 0 TS EAR RN - R - LRI, SO URLIE L )
KBSHGEW A EAR. WRETEARBOR, WL RURLE L . IRAh, S AR HUBCR FEM B BOR R
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