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MOT SO KET QUA NGHIEN CUU VE QUA TRINH LAN TRUYEN
CUA SONG XUNG KICH TRONG CAC MOI TRUONG HAI PHA

Nguyén Vin Tuén - Nguyén Thi Hoa (Truong DH K5 thudt Cong nghiép - DH Thdi Nguyén)
Tran Thi Hao (T ruong CB Cong nghiép Viét Diic - Thdi Nguyén)

1. M6 dau

Moi trudng hai pha dugc st dung 1a hén hop chat 1ong chita bot hoi. Hon hop dang nay
c6 tinh chat dac biét, trong hon hop do cé su két hop ctia cdc tinh chat phi tuyén vat 1y manh, su
tdn sic va qud trinh hao tdn ning luong, nén biéu dé mo ta cdc séng co thé c6 nhiéu dang. Chinh
vi vay, khi thay déi cdc diéu kién thuy dong luc, s& din dén su thay ddi cac cdu tric vé séng va
cac qud trinh tuong tac giira cac pha.

Do hon hop c6 tinh chat dac biét nhu trén, dong thoi hon hop lai xuat hién rat nhiéu trong
cac linh vuc cong nghiép nang luong, cong nghé hod hoc, va cic qua trinh tu nhién... cho nén, su
hiéu biét vé céc hién tuong c6 thé xuat hién khi séng 4p sudt lan truyén qua chat long chita bot,
dac biét l1a trong truong hop cuong do ctia séng ap suit tang dot ngot khi séng bi phan xa boi
tuong cing la rdt can thiét. N6 gidp cho su phan tich cac ch€ do lam viéc qua do cua cac thiét bi
nang luong, phan tich tinh huéng hu hong va dam bao an toan khi khai thac clia cic nha may
dién nguyén tlt, phan tich c4c hién twong xam thuc trong cidc mdy tudc bin, dé tng dung trong
cong nghiép khai thic, van chuyén va ché bién ddu khi...Nhu vay, su hiéu biét ding dan cdc
hién tugng c6 thé xuat hién khi c6 séng dp suat lan truyén qua moi trudng chat 16ng - bot 1a rat
can thiét dé€ giai quyét hang loat cdc bai toan thuc t€. DA ¢6 nhiéu cong trinh khoa hoc nghién
cttu vé€ céc lan truyén cua séng xung kich trong ciac hon hop nay nhu: Nghién ciu thuc nghiém
vé dong luc hoc séng trong chat 16ng chita bot khi hoa tan hay dé hoa tan cua Dontsov &
Pokusaev (1998). Nghién ctu vé séng xung kich trong chat 16ng phi Newton chiia bot khi ctua
Gubaidulin, Beregova & Bekishev (2001). Nghién ctu vé su truyén séng trong chét 1ong chita
bot hoi cua Nigmatulin, Khabeev & Duong Ngoc Hai(1982, 1988); Duong Ngoc Hai & Nguyén Van
Tuan (2000, 2002, 2004, 2005, 2006). Su tang bién do ctia séng ap suat trong hdn hop chét 1ong chita
bot hoi da dugc nghién ciiu bdi Nakoryakov, Vasserman, Pokusaev & Pribaturin (1994)...

Khéo sat hon hop chat 10ng chita bot hoi hinh c4u tinh, dugc chita trong 6ng nam ngang.
Gia st ton tai séng xung kich tdc dong vao hon hgp, séng nay lan truyén trong hon hop tir dau
ong tGi cudi duong ong.
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Bdo cdo nay trinh bay mot s6 két qua nghién ctu vé qud trinh lan truyén cta séng xung
kich trong cac hon hop chat 16ng chita bot hoi: nhu hon hop cua nuée va cua freon 21. Su anh
hudng cua cac tinh chat vat 1y nhiét ctia hon hop, cta cuong do ban diu cta séng xung kich va
noéng do thé tich cha pha hoi trong hdn hop 1én qu4 trinh lan truyén clia séng s& dugc dé cap t6i
trong bdo cdo nay.
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2. M6 hinh toan hoc

Hon hop chat 10ng chita bot hoi ¢6 thé xem 12 mot moi truong trong khuoén khd mo hinh
ctia pha 1dng lién tuc va pha hoi, vé6i cdc gia thiét don gian hod hén hgp da dugc dua ra trong [9].
Trong hé toa do Lagrange (¢, t) cic phuong trinh bao toan khai luogng, s6 lugng bot va xung
luong dugc viét nhu sau:
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trong do:
céc chi s6 du6i i=1,2,0 1acédc tham s6 clia chat 10ng va hoi va trang thdi can bang ban dau

o, P, Pi» P, 12 phén thé tich, 4p sudt, mat do trung binh va mat do thuc ctia pha thi i, v 1a
van toc dai, n 1a so6 lugng bot trong mot don vi thé tich, R 1a ban kinh bot, j 1a ty 1& cha su
chuyén pha trong mot don vi dién tich bé mat giita cdc pha (j > 0 khi hoa hoi, j < 0 khi ngung
tu), 0 1a hé sd siic cang bé mat, & 1a toa do Lagrange va t 1a thoi gian.

Két hop véi phuong trinh thay déi khoi lugng cua tiing bot, phuong trinh dong nhiét
trong pha 16ng, phuong trinh dong nhiét trong pha hoi va phuong trinh tuong thich bién dang
Rayleigh - Plesset biéu dién 4p suét clia cic pha va ban kinh bot cling cdc diéu kién dau va cic
diéu kién bién tuong tng duoc trinh bay trong [3][6], hé phuong trinh trén l1ap thanh mot hé
phuong trinh thuy nhiét dong luc hoc kin mo ta qué trinh lan truyén cdc séng xung kich trong
céc hon hop 1ong - hoi.

3. Cac két qua va thao luan

Bai toén trén 12 bai todn nhiéu tham s6 phic tap. Dé giai hé phuong trinh thy-nhiét dong
luc hoc da dugc déng kin trén, ching toi biéu dién chiing thong qua céc dai luong khong thit
nguyén va cdc t6 hop khong thit nguyén. Mot chuong trinh tinh dugc xay dung trén co s& sit
dung phuong phap Ole bién déi va phuong phdp khir dudi thong qua thuat toan Thomas [5], [6].
Tir d6, nghién ctu anh hudng cua cédc tinh chat vat 1y nhiét cua hén hop, ctia ndong do pha hoi
trong hén hgp va cta cudng do ban dau cua séng xung kich 1én qud trinh lan truyén cua séng
trong hén hop 16ng — hoi ctia nudc va cua freon21.

3.1.Hon hop ciia nudc chita bot hoi.

Moi truong nudc chita bot hoi duoc st dung & nhiét do so6i dudi ap suét thuong, T =
373K; p, = 0.1 Mpa. Trong cdc hinh 1 — 4 Ia céc profile biéu dién qu4 trinh lan truyén clia séng
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4p suat trong hén hop. Trén cdc biéu dé minh hoa, truc thing ding 12 gid tri cla 4p sudt trong
hén hop, con truc nim ngang biéu thi toa do khong gian.

Hinh 1 1a biéu d6 biéu dién qu4 trinh lan truyén séng xung kich trong hén hop khi cuong
do song va cac tham so vat chat cia moi truong dugce cho nhu sau: p, = 0.15 MPa, R, = Imm,
0, = 1%. Cac duong cong 1 — 8 la cédc profile ap sudt tuong tng véi cac khoang thoi gian t =
0.2; 1.2; 2.5; 4; 6; 7.5; 9; va 10.2 ms. C6 thé thdy trong trudng hop nay cdc profile 4p sudt trong
hén hop ¢6 cau tric don diéu.
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Hinh 1. Qud trinh lan truyén séng xung kich trong hon hop long hoi ciia nudc soi
khi.. p(, = 0.15 MPCI,‘ R() = ] mm, 0’20 = ]%.

Trong hinh 2 1a biéu d6 bi€u dién qud trinh lan truyén ctia séng xung kich trong hén hop
nudGc soi chita bot hoi khi ta tang cudng do ban dau song p, = 0.2 MPa, con cac tham s6 vat chat
khac dugc gilt nguyén nhu trén. Cac duong cong 1 — 9 la cac profile dp suat tuong Gng véi cic
khoang thoi gian t = 0.1; 1; 2; 3; 4; 5; 6; 7 va 8 ms. C6 thé thay cac profile 4p suét trong hdn
hop da xuat hién cau tric dao dong.
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Hinh 2. Qud trinh lan truyén séng xung kich trong hén hop long hoi cua nudc soi
khi.. p(, = 0.2 MPCZ,‘ R() = ] mm, 0'20 = 1%.

Hinh 3 12 biéu d6 biéu dién qud trinh lan truyén séng xung kich trong hén hop khi cic
tham s6 vat chat khac dugc giit nguyén nhu trudng hop 2, nhung nong do thé tich trong hon hgp
duogc tang 1én a,,= 5%. Cac duong cong 1 — 9 la cac profile dp suat tuong ung véi cac khoang
thoi gian t = 0.1; 1; 2; 3; 4; 5; 6; 7.2 va 8.2 ms. Tir cdc két qua biéu dién trén hinh, c6 thé thay
khi ting ndng do thé tich pha hoi trong hén hop thi t6c do lan truyén clia séng giam.
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Hinh 3. Qud trinh lan truyén séng xung kich trong hén hop long hoi
ctia nudc soi khi: p, = 0.2 MPa; Ry = 1 mm; Q,, = 5%.

7 A

22 4H---Ap - - Ap I V. S V. DU U MR V.S PR N

P/ Po

I T N e N—————_——————

14 b T T

0 100 200 300 400 500
mm

Hinh 4. Qud trinh lan truyén séng xung kich trong hén hop long hoi cua nudc soi
khi:p, =025 MPa; R, =1 mm; &,y = 5%.

Hinh 4 12 biéu d6 biéu dién qua trinh lan truyén clia séng xung kich trong hén hop nudc
s0i chita bot hoi khi cac tham s6 vat chit khac dugc gilt nguyén nhu truong hop 3, nhung cuong
do ban diu cua séng tdc dong vao hon hop tiép tuc tang p, = 0.25 MPa . Cic dudng cong 1 — 10
biéu dién cac profile 4p sudt tuong ing v6i cac khoang thoi gian t = 0.2; 1; 1.8; 2.5; 3.2; 4.6;
5.4; 6.1 va 6.8 ms. Tir c4c két qua biéu dién trén hinh, c¢6 thé thdy khi ting cudng do 4p suat ban
dau tdc dong vao hon hop thi séng ¢6 cau tric dao dong va tdc do song tang.

Nhu vay, tir cdc két qua nghién ctu trong cdc trudng hop trén, c6 thé nhan thay trong giai
doan dAu tién khi s6ng xung kich tac dong vao hon hop thi dp suét trong hon hop déu tang so véi
cuong do ban dau cua séng. D6 1a hién tuong khuéch dai cua séng xung kich khi tic dong vao
hén hop 16ng — hoi. Pong thoi trong céc két qua nhan duoc c6 thé thay khi ting cudng do séng
xung kich thi t6c do lan truyén ctia séng tang, séng c6 céu tric don diéu dan sang cau tric dao
dong. Nong do thé tich ctia pha hoi trong hon hop ting thi thi téc do lan truyén clia séng giam.
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3.2. Hon hop cua Freon21 chita bot hoi.

Moi truong cua freon21 chita bot hoi dugc sit dung & nhiét do T = 293°K; dudi 4p suat
po = 0.185 Mpa. Trong céc hinh 5 — 8 1a cdc profile biéu dién qu4 trinh lan truyén ctuia séng ap
suat trong hdn hop. Trén cdc biéu d6é minh hoa, truc thang diing 1 gia tri clia 4p suét trong hon
hop, con truc nim ngang biéu thi toa do khong gian.
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Hinh 5. Qud trinh lan truyén séng xung kich trong hon hop long hoi cuia freon21
khl‘.‘ p€ = 0.25 MPa,. R() = 1 mm, 0'20 :]%.

Cé4c két qua trong hinh 5 1a biéu d6 biéu dién qu4 trinh lan truyén séng xung kich trong
hén hop freon21 chia bot hoi khi cuong do séng va cic tham s6 vat chat cuia moi truong dugc
cho nhu sau: p, = 0.25 MPa, R,= Ilmm, a,, = 1%. Cic dudng cong 1 — 8 biéu dién cic profile
4p suat tuong tng v6i cdc khodng thoi gian t = 0.2; 1; 2; 3; 4; 5; 6.1va 7.1 ms C6 thé thay trong
trudng hop nay céc profile dp sudt trong hén hgp déu c6 ciu tric dao dong.
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Hinh 6. Qud trinh lan truyén séng xung kich trong hon hop long hoi cua freon21
khi.. p() = 0.3 MPCI, RO = ] mm; 0'20 =]%.

Hinh 6 1a két qua biéu dién ca profile 4p suat trong hdn hop khi ting cudng do ban diu
cta séng p, = 0.3MPa , con cac tham s6 khdc van gitt nhu trudong hop trén. Cac duong cong 1 — 9
la cac profile dp sudt tuong tng voi cac khoang thoi gian t = 0.2; 1; 1.8; 2.6; 3.4; 4.2; 5; 5.8 va
6.6 ms. C6 thé thdy trong trudng hop nay toc do lan truyén clia séng ting.
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Hinh 7. Qud trinh lan truyén séng xung kich trong hon hop long hoi cuia freon21
khi:p, =025 MPa; R, =1 mm; @,, =5%.

Hinh 7 1a két qua clia qua trinh lan truyén khi ting néng do thé tich pha hoi trong hén
hop a,, =5%. Céc dudng cong 1 — 10 biéu dién céc profile 4p suét tuong tng véi cac khoang thoi
gian t = 0.2; 1.5; 3; 4.7; 6.7; 8.7; 10.7; 12.7; 14.7 va 16.7 ms. Con hinh 8 la truong hop giit
nguyén 0,, =5%, nhung p, = 0.3Mpa, khi d6 cdc dudng cong 1 — 10 biéu dién céc profile dp suat
tuong tng va4i cac khoang thoi gian t = 0.2; 1.5; 3; 4.7; 6.7; 8.7; 10.7; 12.7; 14.7 va 15.9 ms. R&
rang, cé hai trudng hop trén khi tang néng do thé tich pha hoi trong hon hop da lam van toc lan
truyén ctia song giam manh. Da xudt hién trang théi dimg ctia cac profile 4p sut.
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Hinh 8. Qud trinh lan truyén séng xung kich trong hon hop 1dng hoi cia freon21
khi.' pe = 0.3 MPa; Ro = ] mm, 020 :5%.

Nhu vay, trong qu4 trinh lan truyén clia séng xung kich trong hén hgp freon-21 di c6 thé
thay trong giai doan dau khi séng xung kich tic dung vao hén hop ciing xuat hién hién tuong
khuéch dai clia séng xung kich. Pong thoi trong cdc két qua nhan dugc c6 thé thay khi ting
cuong do séng xung kich thi téc do lan truyén cta séng trong hén hop tiang, thong thudong doi
v6i hén hop nay séng déu c6 céu tric dao dong. Nong do thé tich clia pha hoi trong hdn hop ting
thi thi toc do lan truyén clia séng giam.

Toc do lan truyén ctia séng trong hon hgp cua nude nho hon nhiéu so véi hén hop cla
freon-21. Diéu d6 c6 nghia 1a qu4 trinh trao déi nhiét - chat giita cdc pha trong hén hop clia nu6e
xay ra manh hon so v6i hon hop cua freon-21.
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4. Két luan
Céc két qua nghién cdu qua trinh lan truyén cta séng xung kich trong hén hgp long
- hoi nhu: nuéc va freon-21 di c6 thé chi ra rang:

- Trong giai doan diu, khi séng xung kich tic dong vao hén hop chat 1ong chia bot hoi
thi déu xuat hién hién tugng khuéch dai cia séng xung kich.

- Cudng do cia ap suat lan truyén phu thuoc manh vao phén thé tich ctia pha hoi trong
hén hop, vao cudng do 4p suit ban ddu tdc dong vao hon hop. Khi phan thé tich clia pha hoi
trong hon hop tang, thi cudng do cta dp suét lan truyén trong hon hop giam. Khi cudng do dp
suat ban dau tdc dong vao hon hop ting thi cuong do cua dp suét lan truyén trong hon hop tang .

- Khi 4p suét séng xung kich tic dong vao hon hop tiang 1én thi van t6c cta séng lan
truyén ciing ting nhung khi thé tich pha hoi trong hén hgp tang 1én thi van t6c clia séng lan
truyén lai giam .

- C4u truc cua song don diéu hay dao dong phu thuoc vao cuong do ban dau ctia séng va
tinh chat vat 1y nhiét ctia hén hop.

- Qud trinh trao ddi nhiét - chat giita cdc pha trong hdn hop clia nu6c xdy ra manh hon so
vGi hén hop cua freon-21

Toém tat

Bai béo trinh bay mot s6 két qua nghién cttu cua qua trinh lan truyén cta s6ng xung kich
trong mot s6 hdn hop chat 16ng chita bot hoi. Su anh hudng cua cuong do ban dau cua séng, cia
néng do thé tich clia pha hoi va cta tinh chat vat 1y nhiét ctia hdn hop 1én cic qué trinh nay s&
duoc dé cap téi trong bai bdo nay.

Summary

Some investigation results of propagation process of the shock waves in two - phase Media

The paper presents some investigation resulthefpropagation process of the shock
waves in some mixtures of Liquid with vapour bulsbl€he influences of initial wave intensity,
volume fraction of vapour phase and themo-phygicaperties of the phases in the mixture on
the propagation processes are presented.

Tai liéu tham khao

[1]. Dontsov V.E., Pokusaev B.G. (1998) “Experimental study of gas solution behind a shock
wave in liquid with bubbles of easily soluble gas” . Proc. of Int. Conf. on Multiphase Flow ICMF- 98 .
Lyon, France.

[2]. Duong Ngoc Hai & Nguyen Van Tuan (2000). “Shock adiabat analysis for the mixture of
liquid and gas two components”. J. Mechanics Vol. 22. No2. 101-110

[3]. Duong Ngoc Hai & Nguyen Van Tuan, (2002). “Waves reflected by solid wall in the mixture
of liquid with vapour bubbles”. J. Mechanics Vol. 24, No3. 167-180,.

[4]. Duong Ngoc Hai, Nguyén Vian Tuan, (2002). “Séng phan xa bdi tudng ciing va tuong
tdc séng trong mot s6 hén hop 10ng - hoi”. Tuyén tdp Cong trinh Hoi nghi Co hoc toan quoc ldn
thiw7, Ha Noi, pp. 165 — 176,

83



Tap chi Khoa hoc & Céng nghé - S6 4(44yNam 2007

[5]. Duong Ngoc Hai and Nguyen Van Tuan, (2004). “Waves reflected by Solid Wall and
Interaction in Vapour Bubbly Liqiud”. The 6" International Conference on Nuclear Thermal Hydraulics,
Operations and Safety (NUTHOS-6), Nara, Japan, Paper ID. N6P016, October 4-8.

[6]. Duong Ngoc Hai va Nguyén Van Tuén, (2005). “ Qu4 trinh truyén séng trong mot s6 hon hgp
ctia dau tho va nito 10ng” . Tuyén tdp hoi nghi khoa hoc Co hoc Thity khi Toan qudc ldn thit , Ha long.

[7]. Gubaigullin A. A., Beregova O.Sh. & Bekishev S. A. (2001). “Shock waves in non-
Newtonian bubbly liquids”. Int.J. Multiphase Flow Vol. 27, 635-655,.

[8]. Nakoryakov V.E1981. Hydrodynamics of two phase flows. In: Hydrodynamics and Heat
Transfer in one-and Two -Phase Media pp.5-30. Institute of thermal Physics SD Academy of Sciences of
the USSR, Novosibirsk..

[9]. Nigmatulin R.I. Dynamics of Multiphase Media. Hemisphere, publ. Corp., Washington,
1990.

[10]. Nigmatulin R.I., Khabeev N.S. & Duong Ngoc Hai, (1988). “Waves in liquid with vapour
bubbles”. J.Fluid Mech., Vol. 186, 85-117.
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