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Tom tat

Chung t6i quan sat sy lan truyén clia mot song xung kich sinh ra khi hoi tu mot chim tia laser trong khong khi bang
phuong phép chup bong. Ap sudt ctia song xung kich dugc tinh toan tir van toc song, thong qua viéc quan sat va do dac
vi tri cua song xung kich theo thoi gian v6i do phan giai nano gidy. Két qua cho thay ap sudt cua song xung kich co thé
dat gia tri trén 6MPa vao thoi diém 100ns tinh tr thoi diém chiéu chum tia. Ap suit nay suy giam nhanh chéng khi song
lan truyén va dat gia tri xap xi ap suat khi quyén sau khoang 2000ns.

Tir khéa: S6ng xung kich; phuong phap chup bong; ap suat song xung kich; laser.

Abstract

We observed the propagation of a shock wave induced by focusing a laser beam in the air using the shadowgraph
imaging technique. The shock pressure is calculated from the shock propagation velocity, by observing and measuring
the shockwave’s position with time with the resolution of nanoseconds. The result shows that the pressure of the shock
wave can reach a value larger than 6MPa at 100ns after irradiation. This pressure decreases rapidly as the wave
propagates, reaching atmospheric pressure value after about 2000ns.

Keywords: Shock wave; shadowgraph imaging technique; shockwave pressure; laser.

1. Gi6i thiéu don khong c6 du nang lugng dé kich thich mot
electron cua phén tir khi tr vang hoa tri 1én
ving dan. Tuy nhién, tai mat 6 nang luong rat
cao, hién tuong hap thu phi tuyén tinh c6 thé
xay ra, khi d6 phan tir khi c6 thé hp thu cling
lac nhiéu photon va bi ion hoéa dé tao thanh

Khi mot xung laser co d6 dai xung ngin
hodc rat ngan dugc hoi tu trong khéng khi, tai
diém hoi ty, mat d6 ning lugng anh sang co thé
dat dén gid tri rat 16n, vao khoang GW trén mdi
centimet vuong. Thong thuong, mdt photon
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plasma [1]. Sau khi dugc hinh thanh, plasma s&
tiép tuc hap thu ning luong tia sang dé dat dén
trang thai nang luong va &p suat cao. Plasma co
thé dugc quan sat thay bang mat thuong dudi
dang mot chop sang. Qua trinh nay duoc goi la
qua trinh danh thung, trong d6 mot moi truong
trong sudt dot ngot tré thanh mot méi trudng
hip thu &nh sang tai mat d6 ning luong cao.
Qué trinh danh thung chat khi bang xung laser
¢6 nhiéu tng dung, c6 thé ké dén quang phé
laser, danh lira bang laser, laser fusion v.v... [2].

Plasma ¢ trang thai 4p suit cao s& gidn no
vé6i van tde 1on va tao nén song xung kich trong
khong khi. Song xung kich dugc tao nén co
hinh cau va lan truyén vai toc do Ié6n hon tdc do
am thanh cua khéng khi nhiéu lan [3]. Song
xung kich khi va cham v&i mot bé mat chat ran,
c6 thé kich thich su tao thanh cac song tng suat
va song bé mit [4]. So véi phuong phap kich
thich séng ung suat bang laser théng qua qua
trinh ph& huy, phuong phap kich thich séng tng
suit bang song xung kich c6 lgi thé khi nd
khéng gay anh huong chéat luong bé mat vat
ran, va c6 nhiéu ang dung tiém ning trong linh
vuc kiém tra khdng phé huy [4, 5].

Trong nghién ctru nay, chung téi quan sat su
hinh thanh mot séng xung kich hinh cau dugc
hinh thanh trong khéng khi khi hgi tu mot chum
tia laser budc song 1064nm, d6 dai xung 13ns

Pump beam

trong khong khi. Hinh anh song xung kich dugc
quan sét biang phuong phap chup bong. Ap suit
cta séng xung kich duogc tinh todn tir van tdc
song, théng qua viéc quan sat va do dac vi tri
cua song xung kich trong khong gian theo thoi
gian vai do phan giai 1én dén nano giay.

2. Phuong phap

Quaé trinh danh thung khong khi dugc thuc
hién béng cach hoi tu mét chum tia laser
(1064nm, 13ns) bang mot thau kinh c6 tiéu cu
5 cm trong khong khi. Nang lugng chum tia do
duoc 1a 60mJ. Phuong phap chup béng duoc st
dung dé quan sat sy hinh thanh cta song xung

kich trong khéng khi.

Phuong phap chup bong 1a mot phuong phép
quang hoc cho phép phat hién su khong dong
nhat trong cac moi trudng trong sudt nhu khong
khi, nudc hodc kinh, v.v... Phuong phap nay co
su twong dong nhung don gian hon nhiéu so
v6i phuong phap chup Schlieren va c6 thé duoc
sir dung dé nghién ciru dong hoc song xung
kich mot cach hiéu qua. Vé nguyén tic, ching
ta khong thé quan sat duoc bang hinh anh mot
su bién d6i vé nhiét do, ap suat, mat do trong
khong khi. Tuy nhién, tit cac cic bién dbi nay
déu gy nén sy khic xa tia sang, do vay déu co
thé tao thanh bong den néu ching ta quan sat
hinh 4nh ctia khong khi trén mot man chan.
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Hinh 1. So d6 nguyén 1y thi nghiém va hé thong quan sat
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Trong nghién ctru nay, chung t6i st dung
mot hé thdng pump-and-probe dién hinh cung
mot camera toc d6 cao dé chup bong cia song
xung kich. Chum tia laser 1064nm la chum
bom (pump), dugc st dung dé giy nén hién
twong danh thing khong khi. Chum chiéu
(probe) co budc séng 532nm duoc chiéu qua
ving bi dénh thing va qua mot hé théng thau
kinh dé phong dai. Anh dugc thu lai bang mot
camera toc do cao. Mot kinh loc sic duoc dat
trudc camera dé loai bo anh sang nhidu. Do tré
thoi gian gitta chum chiéu va chum bom c6 thé
dugc diéu chinh nho sir dung mot hé théng lam
tré. Sy lan truyén cua séng xung kich trong
khong gian dugc quan sat trong khodng thoi
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gian tir 100 dén 3000ns tinh tir thoi diém duoc
tao thanh.
3. Két qua va thao ludn

Hinh 2 trinh bay hinh anh soéng xung kich
sinh ra trong qua trinh danh thung khong khi
dugc quan sat trong khoang thoi gian tir 100
dén 3000ns bing phuwong phap chup bong.
Trong hinh anh nay, tia laser dugc chiéu toi tir
phia trén. Hinh anh séng xung kich trong khong
khi ¢6 thé duoc quan sat & rang. Chung ta c6
thé thay ban dau soéng xung kich c6 hinh qua 1é
v6i dau 16n huéng vé phia ngudn tia laser.
Trong qué trinh gidn ng, séong xung kich dan
dan c6 dang hinh tron, nhu c6 thé dugc quan sat
& mdc thoi gian 3000ns.
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Hinh 2. Hinh anh song xung kich sinh ra boi hién tugng danh thung dién méi trong khong khi,
quan sat bang phuong phap chup bong. Tia laser chiéu tdi tir phia trén.

Khi xung laser dugc hdi tu trong khong khi,
phan ning luong dau tién s& ion hoa chat khi dé
tao nén plasma. Sau khi dugc tao ra, plasma s€
hép thu phan ning luong ctia xung va phat trién
vé phia ngudn cung cdp ning lugng. Hién
tugng nay twong tu nhu qua trinh hinh thanh
plasma khi hdi tu mot xung laser 1én bé mat
chat ran. Do qua trinh nay nén plasma s& co
dang 16n hon & phia trén (gan ngudn ning
luong) va nhé hon & phia dudi (xa ngudn ning
luong). Khi gidn nog, plasma s€ tao nén song
xung kich mang hinh dang cua plasma, do do
song xung kich sinh ra ciling c6 hinh dang qua
16 nhu dd mo ta. Séng xung kich lan truyén
trong khong khi voi van tdc rat 1on. Sau mot
khoang thoi gian vao khodng vai ngan nano
gidy, d6 chénh léch giita kich thudc hai dau la
khong déng ké so voi kich thude ciia song xung
kich, do vay, song xung kich s€ cé hinh dang

gan voi hinh tron néu duoc quan sat & cac thoi
diém muon ctia qua trinh.

Dé tinh todn 4p sudt cua song xung kich,
chiing t61 do dac kich thudc ctua song theo thoi
gian. Kich thudc theo phuong ngang ctia song
duoc do tai diém 16n nht ctia mit song. Pé tim
van tdc song, dau tién ching t6i lam khép sb
liéu thuc nghiém véi mo hinh Talor-Sedov, mo
hinh mé ta kich thudc ctia mot song hinh cau
trong khong gian [6], sau d6 1y dao ham bac 1
ctia phuong trinh c6 duoc. Ap suat song sau do
dugc tinh toan duya trén vén tdc ctia sdng xung
kich theo phuong trinh [7]:

|7 (us)z 1

Ps = l6\e,) 6

Trong d6 u, 1a van tbc song, ¢y la van tbe
am thanh va P, 1a ap suit khi quyén.

X Py

Su bién dbi ctia ap suét song xung kich theo
thoi gian duoc thé hién trén Hinh 3.



Nguyén Thi Phirong Théol Tap chi Khoa hoc va COng nghé Pai hoc Duy Tan 6(55) (2022) 82-86 85

~ O

]

Pressure (MPa)

o

o

1000

2000 3000

Time (ns)

Hinh 3. Sy bién ddi ap suit song xung kich theo thoi gian.

Vao thoi diém 100ns sau khi dugce tao thanh,
song xung kich c6 4p suét trén 6Mpa. Gia tri
nay giam dan khi song lan truyén trong khong
gian. Ap suét cua song xung kich giam xuéng 1
Mpa vio thoi diém 500ns va giam dén gan ap
suat khi quyén vao khoang sau 2000ns tinh tir
thoi diém dugc hinh thanh. Tai thoi diém
500ns, song xung kich lan truyén dwgc mot
khoang cach 1 mm tinh tir vi tri hdi tu chum tia.
Soéng xung kich gan nhu tré thanh séng am tir
sau 3000ns.

So v6i phuong phéap tao song bé mit bang
laser théng qua qua trinh nhiét [8] hodc pha huy
[9], phuwong phéap kich thich séng bé mait tir
song xung kich con kha méi va it dugc nghién
ciu [4]. Trong mot nghién ciru gan day,
Hosoya va cong su da thanh cong trong viéc
kich thich séng Lamb bang cach st dung séng
xung kich sinh ra trong qua trinh danh thing
khong khi. Tuy nhién su bién d6i ap suit cia
song xung kich theo thoi gian chua dugc tinh
toan trong nghién ctru nay [4]. Két qua quan sat
ctia chiing t6i cho thiy su bién d6i ap suit song
xung kich theo thoi gian, tir d6 c6 thé Iya chon
vung ap sudt phi hop cho cac ung dung kich
thich song bé mat hodc soéng Gng suat trong
1ong chat ran.

4. Két luan

Ching t6i di quan sat tryc tiép mot song
xung kich dugc sinh ra khi hoi tu chum tia laser
nano gidy trong khdng khi. Song xung kich sinh
ra lan truyén véi tbe d6 siéu thanh trong khong

khi. Trong qué trinh lan truyén, 4p suit song
giam dan theo thoi gian. Vao thoi diém 100ns
sau khi duoc tao thanh, ap sut song c6 thé dat
gia tri trén 6MPa. Ap suit nay giam vé gan véi
ap suat khi quyén sau khoang 2000ns.
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