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KHAO SAT KHA NANG TACH CUA TIA CHATLONG
DUGI DANG Ti LE NANO DOI V61 TAM KIM LOAI
CODUOGNG KiNH LO PHUN KHAC NHAU

INVESTIGATING FOR SEPARATION ABILITY OF NANOSCALE LIQUID JETS
FROM METAL PLATE WITH THE DIFERENT HOLE DIAMETERS

TOM TAT

DE khdo sat khd ndng téch cla tia chdt 16ng nano ra khi b& mat tdm kim
loai, phuang phap dong luc hoc phén ti thi dugc st dung @€ md phong cho qua
trinh phun cta chat 16ng qua nhiing miéng 16 véi dutng kinh khac nhau. So d6
md phdng cau tao gém 16 phun dang hinh tron dugc thiét ke 6 trén ndp thiét bi
bang kim loai, tdm ddy béng kim loai & dudi ddy cda thiét bj va nhiing phan td
chat 1ong dugc chita ddy & bén trong thiét bi. Phan mém LAMMPS va (++ thi
dugc st dung d& lam cdng cy cho viéc md phdng va phan tich thong s6. Két qua
md phdng chi ra ring, véi nhiing 16 ¢6 duting kinh nhd hon hoic bing 27,5 A thi
hau nhu toan b chat 1dng dugc phun ra khdi 16 d& tao thanh tia dang nano trén
bé& mdt ndp thiét bi, tuy nhién nhiing tia nay khong thé tach ra khi bé mat tam
kim loai cho dil tac dung luc ddy c6 dd 16n bt ky Ién tam ddy. Ngoai ra, khi ting
dutng kinh 16 thi nhiing tia nano cling dugc hinh thanh va sé tach khdi bé mdt
ndp kim loai. Théng qua nghién ciitu nay, ching ta c6 thé quan sat r rang va sau
sdc hon vé qua trinh ddng hoc ctia phun chét Iong.

Tir khéa: Ma phdng; phdn tir chdt Iong; khd ndng tdch cda tia chdt Iong nano;
duding kinh 16.

ABSTRACT

In order to investigate for the separation ability of nanoscale liquid jets from
the metal plate with the different hole diameters, the molecular dynamics
method is used to simulate for the fluid nanojet ejection process through the
different hole diameters. The compersition of simulation equipment diagram
includes the circle hole at the center of the upper plate, the push plate at the
equipment bottom and the fluid moleculars at the between of two plate. The
LAMMPS software and C++ code are used for simulating and analysis the data.
The simulation result shows that the hole diameters of 27.5 A or smaller which
almost all of nanofluid molecular eject out to form the jet but this jet cannot
separate from the upper plate surface under any push force on the bottom plate.
However, when increasing the hole diameter wich the nanofluid jet separates
out from the upper plate surface. Through this research, we have a deep and
clear sights about the ejection process dynamic of nanofluid.

Keywords: Simulation; Fluid molecular; Separation ability of nano jet; Hole
diameters.

'Khoa Co khi, Trudng Dai hoc Cong nghiép Ha Noi
“Email: nguyenquang.kuas@gmail.com

Ngay nhdn bai: 09/01/2018

Ngay nhén bai stia sau phan bién: 26/03/2018
Ngay chdp nhén déng: 25/04/2018

24 | Tap chi KHOAHOC & CONGNGHE o Sé 47.2018

Nguyén Van Quang"’, Phung Xuan Son’

1. GIGI THIEU

Céng nghé phun chat long thi dugc Gng dung trong
nhiéu nganh céng nghiép khac nhau nhu nganh céng
nghiép in, san xuat cadc bo manh clia bang manh dién t& va
cac dau phun cé dé chinh xac cao. Trong quéa trinh phun
chét 16ng, su hinh thanh tia chat long va kha néng tach cla
chung dé tao thanh nhiing giot chat 1dng dudi dang nano
thi dugc qua tdm xem xét cho viéc thiét ké cing nhu van
hanh thiét bi phun.

Phuong phap moé phdéng déng luc hoc phan ti dugc
Ung dung dé thuc hién cho viéc mé phéng clia qua trinh
phun chéat ldng déi véi nhitng 16 phun ¢6 dudng kinh ti 2
dén 6 nm [1,2].

Su anh hudng cda kich c& 16 phun, nhiét do, luc nén va
loai ctia chat ldbng nghién cdu ciing dugc diéu tra cho qua
trinh phun va su tao thanh giot chat 16ng dang nano [3,4].

Phuong phép thi nghiém st dung dé nghién ctru cho qua
trinh phun clia chat l6ng va anh hudng clia cac yéu to dén sy
hinh thanh tia chat 1éng thi dugc trinh bay trong [5,6].

Pa s6 nhiing nghién clu & trén déu co lién quan dén
nhiing céng viéc nhu mé phdng va thuc nghiém cla qua
trinh phun chat 1dng. Tuy nhién, viéc tim hiéu vé anh
hudng cta dudng kinh 16 phun dén kha nang tach cua tia
chat 1dng dé tao thanh nhiing giot chat 16ng dang nano thi
van chua dugc diéu tra. Do d6, tac gia dua trén mot nghién
clu trudc day [7] dé l1am tién dé va phét trién cho nghién
cdu nay.

2. PHUONG PHAP NGHIEN CUU
2.1. Cau tao cia mé hinh

M6 hinh phan ti dugc thiét ké cé dang hinh hép lap
phuong nhu hinh 1. Nhitng phan t& nudc nam & gilia hai
tdm kim loai dinh va day. Diéu kién bién dugc st dung dé
gidi han cac phan t chat l1éng thay cho cac tdm kim loai
xung quanh hép. Kich thudc ctia hép lan lugt theo chiéu
cao, dai va rong la 77,176, 101,9 va 101,9 A.sé6 lugng phan
td nudc dung cho nghién cdu la 20.691 c6 mat doé la
0,999972 g/cm® va dugc sdp xép ban dau theo mang ludi
tinh thé khéi 1ap phuong véi hing s6 1udi la a = 3,104 A.
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Vat liéu dung lam nhiing tam kim loai dinh va day la
nhlng nguyén t& vang (Au), chiing dugc ciu tao gém 5 16p
v6i chiéu day méi tam 1a 8,152 A. Tam déy duoc thiét ké cé
thé dich chuyén dugc theo chiéu thdng ding va cu tao
gém 6.503 nguyén ti Au. Tam & dinh hop dugc thiét ké c6
dinh véi dusng kinh 16 hinh tron & tdm tam va cau tao gobm
6.200, 6.144, 6.060 nguyén tir Au tuong Ung véi dudng kinh
1613 25; 27,5 va 30 A,

Nghién ctiu nay st dung phan mém LAMMPS va C++ dé
md phdng.

101.9 A

101.9 A

77.176 A

Hinh 1. M hinh phén i
2.2, Su tuong tac gilta cac nguyén tu

Phuong phap déng luc hoc phan tir thi dugc st dung dé
moé phdng qud trinh phun cla phan ti nudc, cing nhu
dong hoc cua tia chat ldng dang nano. Mé hinh dién thé
d3c trung dugc Ung dung dé dién ta su tuong tac gila
nhing phan t& nudc véi nhau va gilia phan td nudc véi
nguyén ti vang. Gia tri can bang d6i vai chiéu dai va géc
do lién két ctia phan td nudc lan lugt 1a 1,0 A va 104,50,

Trong mé hinh phan t [8] dién ta su lién két ciing nhu
tuong tac gilta phan ti véi nhau hay gitta phan ti véi
nguyén tl. Phuong trinh dién thé cho su tuong tac nhu sau:

U = Ubond *+ Ubend + Uvaw + Ueis
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va Seis (rj) thi theo cong thuc:
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Trong d6 Asc K2, K™, 1, Teq, 1 Va 1c 1a nhing hé s6 diéu
chinh vé khoang céch, lién két goc, chiéu dai lién két va can
bang O-H, goc lién két va can bang H-O-H va khoéang céch
tuong tac gitta nhiting nguyén t.

Su tuong tac gilfa nhiing phan ti nudc va nguyén tu
vang dugc dién ta bdi nhiing ham dién thé nhu sau:

Uaut20= Unuo(ravo) + Uausi(ravtn) + Unurz(ravhz) (4)

Véi

Unuolr) = Sa(r)Dolexp(-2Bo(r-rer))- 2exp(-2Bo(r-re1))] (5)

Va

Uau+(r) = YDoexp(-2Bx(r-re2)) (6)

Trong d6 ham S, (r) c6 dang:

1 forr<r,

S,(N=< (% —r*)(r2 +2r* =3r2 (7)
(=) (G )2(°ff - on) forr, <r<r,
(roff_ron)3

Vi ron VA o la gid tri bat dau va két thic chia ham tuong
Ung véi 7,0va 11,0 A.
2.3.S0 d6 mé phéng

Nghién ctu nay thuc hién 3 trudng hgp mé phong véi 3
dudng kinh 16 phun khac nhau. Méi phan tir dugc gan van
téc ban dau ngau nhién nhd cé nhiét dé hé théng 1a 310K.
Thai gian tac ddng dé nhiing phan ti nudc phan bé dat téi
muc can bang & trang thai ngau nhién la 10,000fs. Sau khi
phan ti dat trang thai phan bé can bang ngau nhién, dudi
day clia thiét bj chiu tac dung moét luc nén sao cho phan t
nudc dugc phun ra khoi miéng 16 thiét bi. D6 I6n cda luc
nén déi vai ting trudng hgp 1a 9,25 x107% 9,0 X 10" va
7,5 X 107°(N) 1an lugt tuong Ung véi dudng kinh 16 thiét bi
3 25; 27,5 va 30 (A).

Cac trudng hgp nghién clu nhu trong bang 1. Méi
truong hgp dugc thuc hién trong thai gian la 150.000 (fs).

Béng 1. Cac truong hgp nghién ctiu

Thirty | Dudng kinh 16 (A) Nhiét d6 (K) Lucnén (N)
1 25 310 9,25 10
2 275 310 9,0x 107
3 30 310 7,5 X 107
3. KET QUA NGHIEN cUU

3.1. K&t qua qua trinh phun tia nuéc dang nano déi véi
nhitng duéng kinh 16 khac nhau

Hinh anh nhiing tia nuéc dang nano déi véi nhiing 16 ¢6
dudng kinh khac nhau & 150.000fs thi nhu hinh 2. Hinh 2(a),
(b) va (c) la nhitng tia nudc tuong Ung véi nhing 16 ¢é
dudng kinh 25; 27,5 va 30A & 150.000fs. Vi nhitng dudng
kinh 16 nay thi luc nén nhé nhat tac dung Ién tdm kim loai
day dé phan ti nudc c6 thé phun hét ra khoi thiét bi lan
lugt 14 9,25 x 107% 9.0 x 10™va 7,5 x 10"°N. Trong d9, vGi
trudng hop 16 ¢6 dudng kinh 25 va 27,5A thi nhimg phan ti
nudc sau khi phun ra khéi 16 tao thanh tia nudc, tuy nhién
nhiing tia nay khéng thé tach ra khoi bé mat tdm kim loai

S& 47.2018 e Tap chi KHOA HOC & CONG NGHE | 25



CONG NGHE

dé tao thanh giot nudc dang nano. Ngugc lai véi dudng
kinh 16 1a 30A thi tia nudc dugc tach ra khoi bé mét tam kim
loai dé tao thanh nhiing giot nudc dang nano.

Nhu vady khd ndng phun cda tia nudc dang nano phu
thudc vao dudng kinh clia 16 phun. Budng kinh 16 27,54 13
trudng hop ré rang nhat khi tia nudc gan nhu bi tach ra dé
tao thanh nhiing giot nudc dang nano, tuy nhién tia nudc
nay khéng tach ra dugc khoi bé mat tam kim loai ma lai bi
chuyén déng ngugc lai. Do d6 hai dudng kinh 16 phun [a 27,5
va 30A dugc st dung cho viéc so sanh dé chiing minh kha
nang tach cla tia nudc khdng phu thudc vao thai gian phun
ciing nhu dé 16n clia luc nén tac dung 1én day thiét bi phun.

(a)
Hinh 2, Hinh dnh tia nuéc dang nano 6 150.000 fs d6i vdi 16 cd dudng kinh la
(a) 25 A; (b) 27,5 Ava (c) 30 4.

3.2. Cac bang chiing cho kha nang tach cua tia nuéc nano

3.2.1. Anh huéng cta thoi gian phun dén kha ndng
tdch caa tia nuéc nano

Hinh 3 (a) va (b) 1a tia nudc dang nano & 200.000 fs ddi
V6i 16 c6 dudng kinh 1a (a) 27,5 A va (b) 30 A dudi tac dung
cla luc nén tuang Ung la 9,0 x 10™va 7,5 x 107° N. Ching
ta thdy rang & cling diéu kién vé dudng kinh 16, luc nén va
nhiét dé nhung tang thai gian phun thi thi kha ndang tach
cUa tia nuéc cang thé hién ré hon.

Dsi véi dudng kinh 16 30 A, giot nudc sau khi tach ra
khoi tia nudc nano thi theo thai gian ching cang phun ra
xa bé mat tam kim loai nhu trong hinh 3 (b). Nguyén nhan
Ia do luc phun cla giot nudc dé thing trong lugng cula
chinh né cling nhu lyc hat gitta phan t& nudc va nguyén tu
vang cuta tam kim loai.

Trong khi d6, véi dudng kinh 16 27,5 A hodc nhd hon thi
tia nudc khéng nhing khéng thé tach ra dé tao thanh giot
nudc dang nano ma sau khi phun ra dat d6 cao nhat dinh
chdng di chuyén ngugc lai bé mat tdm kim loai. Nguyén
nhan cuta hién tugng nay la do lyc phun cta tia nuéc khong
dud 18n dé thang lai luc hat gilra cac phan td nudc cling nhu
luc hat gitra cac phan ti nudc va nguyén tdr vang.
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(@ (b)

Hinh 3. Hinh anh tia nuéc dang nano & 200.000 fs ddi vdi 16 cd dudng kinh la
(2)27,5 Ava (b) 30 A.

Nhu vay ta c6 thé két luan rang thai gian phun khéng
anh hudng dén kha nang tach cla tia nuéc khoi bé mat
tam kim loai dé tao thanh giot nudc dang nano.

3.2.2. Anh hudng cda luc nén dén kha ndng tdch cia
tia nuéc nano

Hinh 4 (a) va (b) la hinh anh tia nudc & 150.000 fs d&i v4i
16 c6 dudng kinh 13 (a) 27,5 A va (b) 30 A dudi tac dung cla
luc nén tuong Ung la 11,0 x 107°va 9,5 x 107'° N. Khi & clng
diéu kién vé dudng kinh 16, thai gian va nhiét d6 nhung
tang dé 16n cuta luc nén thi giot nudc van tiép tuc phun ra
xa d6i véi dudng kinh 16 30 A nhu hinh 4 (b).

@) (b)
Hinh 4. Hinh anh tia nudc dang nano & 150.000 fs d6i véi 16 ¢6 dutng kinh
(a) 27,5 A va (b) 30 A tuong ting véi luc nén 13 11,0 x 10™va 9,5 x 10N,
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Tuong tu nhu trudng hop trén, déi véi dudng kinh 16
27,5 A thi khi ting d6 16n tac dung cla luc nén thi tia nudc
ciing khéng thé tach ra khoi bé mat tdm kim loai dé phun
ra xa. So sanh gilia trudng hgp hinh 4 (a) véi hinh 2 (b), van
& cling thai gian phun nhung khac nhau vé dé 16n cla luc
nén tac dung, khi luc tdc dung I&n han thi qua trinh phun
dién ra nhanh hon nhung khéng anh huéng dén kha nang
tach cla tia nudc dé tao thanh giot. Trong trudng hop hinh
4 (a), tia nudc sau khi phun dat d6 cao nhat dinh thi chidng
khéng tach ra dugc ma lai di chuyén quay tr& lai bé mat
tdm kim loai. Nguyén nhan la do lyc phun cda tia nuéc yéu
han luc lién két gitta cac phan tl nudc véi nguyén ti vang
clia tam kim loai.

Day la bang chiing dé ching minh rang khd nang tach
cla tia nudc khoi bé mat tdm kim loai khéng bi &nh hudng
bd&i d6 16n clia luc nén tac dung 1én tdm day cla thiét bi phun.
4, KET LUAN

Trong nghién clu nay, phuang phép déng luc hoc phan
tlr thi dugc st dung dé mé phdng cho qua trinh phun cla
chat 16ng dudi dang nano qua nhing 16 phun cé dudng
kinh khac nhau. TU d6 c6 céi nhin ré hon vé déng hoc cla
su phun chat 16ng cling nhu biét dugc vé kha nang tach
dugc hay khéng cla tia dé tao thanh nhiing giot chat 1dng
dang nano. Theo két qua mé phong thi ching ta cé nhing
két qua nhu sau:

- § cling diéu kién vé thiét bi, chat 1dng, nhiét do va do
I6n clia luc tac dung, nhing 16 phun cé dudng kinh nhé
hon hodc bdng 27,5 A thi tia nudc sau khi dugc hinh thanh
khoéng thé tach ra khdi bé mat tdm kim loai dé tao thanh
nh{ing giot nudc nano.

- Ngugc lai, v8i nhitng 16 phun c6 dudng kinh I6n
hon hodc b&ng 30 A thi tia nudc dugc tach ra dé tao
thanh nhiing giot nudc nano va bdn ra xa khoi bé mat
tam kim loai.

- Khi gilt nguyén nhling diéu kién ban dau va tang thoi
gian phun, cing nhu tdng d6 16n cua luc tac dung, déi véi
nhiing 16 phun cé dudng kinh nhé hon hoéc bing 27,5A thi
tia nudc khéng nhiing khéng dugc tach ra ma chidng con di
chuyén ngugc lai vé phia bé mat tdm kim loai sau khi
chiing dat t6i d6 cao nhat dinh.
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