A=z Journal of Drive and Control, Vol.21 No.2 pp.8-14 Jun. 2024

ISSN 2671-7972(print) ISSN 2671-7980(online)
http://dx.doi.org/10.7839/ksfc.2024.21.2.008

ol =
10

g$E8s 0o2&E ME = AL E4doll
St CFD A x =AM
CFD Analytical Analysis of Jetting Characteristics in Aerosol Jet
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Abstract: This paper investigates the jetting characteristics of an aerosol jet printing (AJP) process as a function of
design and operating conditions. The governing equations of the AJP system are derived for experimentation and
analysis. To understand the characteristics of the AJP system, this thesis analyzes the jetting characteristics as a
function of the flow rate of the carrier gas and the sheath gas, and the variation of the linewidth with the nozzle
exit size based on particle tracking. This thesis focuses on computational fluid dynamics (CFD), which is a
computer simulation. The particle tracking results obtained by CFD were analyzed using MATLAB. CFD analytical
models can be analyzed in environments with different conditions and consider more specific situations than
mathematical computational models. The validity of the CFD analysis is shown by comparing the experimental

results with the CFD analysis.

7| M9 u : velocity
Viax © maximum flow rate

d, : jet printing diameter of the carrier gas X, dlstance of AJP print line
F : external force W viscosity
E : gravity p : mass density
n : number of print line measurements i - viscous stress
@ : total flow rate of the sheath and carrier gas v velocity vector
R : Radius of the nozzle ;  Vector space
r : carrier gas flow radius
t : time 1. M 2
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Fig. 1 AJP operating flow and nozzle shape.

Table 1 Nozzle geometry information,

Type Diameter Unit
Carrer gas inlet 1.5

Sheath gas inlet 0.25 mm
Gas outlet 0.6
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Fig. 3 AJP equipment and print results; (a)
detailed configuration of the AJP system;
(b) line printed by the AJP system,
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Fig. 4 Optical microscope images of printed
lines from AJP experiments with
sheath and carrier gases. The flow
rate of the carrier gas was all 70
sccm, and the flow rate of the sheath
gas was varied to (a) 70scem; (b)
140scem; (c) 210scem; (d) 280scem.
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Fig. 5 Visualize print line measurements in
experiments,
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Fig. 6 Configuring a CFD analysis model,
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Table 2 CFD analysis parameters for sheath
and carrier gas,.

Sheath gas(nitrogen) Carrier gas(ink) Unit
70
140
70
210
280
sccm
50
100
100
150
200

Table 3 Details of the fluids used for sheath
and carrier gas.

Sheath gas | Carrier gas Unit

Material nitrogen ink -

Density 1.138 1600 kg/m?

Viscosity | 0.00001663 0.08 kg/(m « s)
42 siM At

CFD 84 3 14 & a7t Hasc 23
£ CED 314 % vlRWRA S $AHoR E o
ks eatolH, & A7tellA CFD 8412 0.00001
vjgre] @38 7HAI Qo] shajel B ATk Fig.
Ta)E A7tz 558 £55 etk &
Fe BYshr)o] G| gadte xF HS B
oA U we] £57 7h MEM, =F & =4
ALk Mol d5E £wrt Pasiv] HS ggoz

=R

A 1 4= Ut} Fig. 7(b)e Nel7tse

TEE £25 Uehdlth Aerks =23 =F

o Ao =43 F
e = o3 YAt
= aEskA oaL Mert=e] fF 55 BAF
=olo Wt 1mm HEOZE 1-5mm7FA 57FA] Ao
28 ro] A2t g AErtae] e Wil

=
=

11

CZlo|ge - HEE 2024. 6



YA 32 M BER lol2E AE ZAY T BA SHo oS CFD A4 24

WE HES BAsel Azvks L Auskse) 43
of AIPAZE] FIAE JBe BAsT AY A%
o}

velocity w

2.34e+01

velocity \ ‘ ’

2.34e+01 | |
2.11e+01
1.88e+01

2.11e+01
1.88e+01
1.64e+01 1.64e+01
1.41e+01 1.41e+01
1.17e+01 1.17e+01
9.38e+00 9.38e+00
7.03e+00 7.03e+00
4.69e+00 4.69e+00
2.34e+00

0.00e+00
[m/s] [m/s]

@ (b)
Fig. 7 CFD analysis flow velocity results for;

(a) carrier gas; (b) sheath gas.
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of sheath gas flow rate variation,
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Fig. 11 CFD analysis results of flow rate

variation of sheath gas and carrier gas.

Table 4 Details of the parameters used in
the CFD analysis for sheath gas

and carrier gas flow rates,
Flow Rate . .
Ratio Sheath gas | Carrier gas Unit
50 50
100 100
1 scem
150 150
200 200
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