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MOT SO KET QUA NGHIEN CUU VE ANH HUONG QUA TRINH LAN
TRUYEN CUA SONG AP SUAT TRONG HON HQP LONG - HOI

TOI VAN TOC CUA HON HQP
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Hdn hop Long - Hoi 1a hdn hop chét 1ong chira bot hoi. Hon hop nay thuong gap nhleu trong tu
nhién va qua trinh ky thut. Trong bai bao nay s& trinh bay mét s6 Kkét qua nghién ctru vé qua trinh
lan truyén cta song ap suat trong hon hop chat 1ong chira bot hoi dan dén su thay ddi ban kinh ciia
bot va sy anh hudng ciia nd téi va van toe ciia mot sé hdn hop chit 1ong chira bot hoi nhu: nuée,

dau tho, freon 21..
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MO PAU

Hon hop chét long chia bot hoi 1a mdi
truong hai pha c6 tinh chat dic biét. Trong
hdn hop do c6 su két hop cua cac tinh chét
phi tuyén, tinh phan tan va hao tan ning
lugng nén biéu d6 mo ta cac song cd nhicu
dang. Dic biét, khi thay doi cac didu kién
thuy dong luc, sé€ din dén su thay ddi manh
cic cau triic ciia song va cac qua trinh twong
tac gilta cac pha. Khi séng lan truyén trong
hon hop, cac bot trong hdn hop s& bi co nén
nén trong hon hop s& xay ra hién tugng trao
d6i nhiét va trao doi khdi lugng giira cac pha
va xuat hién véan tdc ciia hdn hop. Vé dong
luyc hoc séng, da co nhiéu cong trinh khoa
hoc trong nudc va trén thé gidi quan tam
nghién ctru cac qua trinh lan truyén cia song
trong hdn hop chét 1ong chira bot [4] va [6],
céc hién tugng bat thuong xay ra khi séng
lan truyén va bi va dap vao van déng chin
dong chay hai pha dugc nghién cuu va dugc
trinh bay trong [1] va [6]; tinh phi tuyén ciia
hdn hop 16ng bot duoc thé hién rd trong qua
trinh tuong tac gitra cac song duoc trinh bay
trong [2] va [5]; trong cac qua trinh trén, mot
van dé khong thé tach roi, d6 1a qua trinh
trao d6i nhiét va khéi lugng giita cac pha,
van dé& nay c6 thé tim hiéu tai [2] va [3].
Ngoai ra khi c6 4p suat tic dong vao hdn
hop, cac bot bi co nén dan téi viée xuat hién
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van toc ciia hdn hop hay dd c6 qud trinh
chuyén héa ning lugng, diy la mot van dé
da va dang dugc cac nha khoa hoc trén thé
giéi va trong nudc quan tam nghién cuu.
Trong bai bao nay, s& trinh bay mot s6 két
qua nghién ctru vé qua trinh lan truyén song
ap suét trong hdn hop, qua trinh nay dan dén
xuét hién van tdc hdn hop cua mot s6 hdn
hop chit 1ong chira bot hoi. Két qua nghién
ciru mang lai dong gop méi, co6 nhiéu ¥
nghia cho linh vyc dong lyc hoc dong chay
nhiéu pha va tng dung trong cac nganh cong
nghiép ning luong, ché bién va van chuyén
dau khi.

MO HINH TOAN HOC

Moi truong hai pha duoc sir dung 1a hon hop
ctia chit 1ong chtra bot hoi dugc chira trong
dng nim ngang c6 chiéu dai L. Gia thiét
rang, bot hoi hinh cdu dwgc phin bd déu
trong hdn hop, khong c6 c6 sy phan chia bot
va ndng d6 thé tich pha hoi khong qua 16n
[6]. Cudi duong éng c6 modt van dong dng
dugc ché tao boi vat liéu cimg tuyét ddi, hdn
hop dung yén trong dng. Tai mot thoi diém
nao do co 4p suit ban dau tac dong, song ap
suat lan truyén vao trong hdn hop, hdn hop
bi nén lai, cac bot bi co nén, tir d6 xuét hién
van téc cua hdn hop. Qua trinh nén hdn hop
lan truyén t&i cubi duong ong, va ding lai
tai van dong, khi do ap suét trong hdn hop
tai van dugc ting cao nén bat ddu lan truyén
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ngugc lai. Do sy chénh I¢éch ap suét trong
hdn hop, khdi chat long s& & trang thai chay
nguge hay van tdc cua hdn hop ciing co
chiéu nguoc lai.
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Hinh 1. M6 hinh hon hop Chat long - Bot tinh
dwoc chira trong ong co van dong

Trén co s cac phuong trinh bao toan khoi
luong, ) lugng bot va xung lugng duoc trinh

bay nhu sau [3]:
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Céc phuong trinh trén két hop v6i cac phuong
trinh thay d6i khdi lwong cia ting bot,
phuong trinh dong nhiét trong pha ldéng,
phuong trinh dong nhiét trong pha hoi,
phuong trinh twong thich bién dang Rayleigh
- Plesset biéu dién ap suét ciia cac pha va ban
kinh bot, 1ap thanh mot hé phuong trinh thuy
nhi¢t dong lyc hoc kin mo td qua trinh lan
truyén cac séong xung kich, cac qua trinh
tuong tac pha, cac qua trinh trao ddi nhiét va
khéi lwong giita cac pha trong hdn hop long —
hoi [7]. Trong hé phuong trinh trén, cac chi
s6 dudi i=1,2,0 la cac tham sb cua chat
long, hoi va trang thdi can bang ban dau; o,
Pi, Pi, Po 13 phan thé tich, ap sudt, mat do
trung binh va mat do thyc cua pha thu i; v 1a
van tdc hdn hop; n la $6 lugng bot trong mot
don vi thé tich; R 1a ban kinh bot; j 1a ty 18
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cla su chuyén pha trong mét don vi dién tich
bé mit gitta cac pha; o 1a hé s stc cing bé
mat; & la toa d6 Lagrange va t la thoi gian.
Giai h¢ phuong trinh thuy — nhiét dong luc
hoc trén véi cac didu kién dau, diéu kién bién
duoc thanh 1ap trén co s& mo6 hinh khao sat da
dat ra va dugc trinh bay nhu sau:
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trong d6 L 1a d dai ctia dng khao sat.

CAC KET QUA VA THAO LUAN

Hé phuong trinh trén di dugc giai bang
phuong phép sd, dya trén phuong phap Ole
bién ddi va phuong phap khir dudi qua thuat
toan Thomas. Chuong trinh tinh da dugc xay
dung va da dugc kiém dinh bang cach so sanh
cic két qua nhan duoc voi mot s6 két qua
thuc nghiém va da duoc trinh bay tai [3].
Chuong trinh ndy dugc st dung dé nghién
clru va phan tich cac qua trinh lan truyén cia
song ap suat trong hdn hop long — hoi, qua
trinh co nén lam thay ddi ban kinh cta bot
trong hon hop va su anh huéng ciia no téi qua
trinh xut hién van tdc ciia hdn hop.

Trong hinh 2 14 c4c profil biéu dién qua trinh
tién trién cta song ap suit, sy thay dbi cua
ban kinh bot va qua trinh phan xa cta nd sau
khi tac dong vao van dong trong hdn hop ctia
nudc sdi chira bot hoi. Trén biéu d6 minh
hoa, thi truc thang dimg 1 cac gi4 tri cta ap
suét trong hdn hop clia qua trinh tién trién va
phan xa boi van va su thay ddi ban kinh bot,
no6 duoc le”iy theo toa d¢ logarit, con truc nam
ngang dugc lay theo toa do khong gian &. Cac
qua trinh ndy phu thudc vao diéu kién ban
dau, cac diéu kién bién, cuong do song va cac
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tham s vét chat ctia hn hop. Trong truong
hop nay c¢é po = 0.1 MPa, phan thé tich cua
pha hoi ay = 5% , tai § = 0 c0 song dai tac
dong voi cuong d6 khong ddi p. = 0.16 MPa,
ban kinh bot trong hdn hop ban daula R=1.5
mm. Tir cac két qua dugc trinh bay trong hinh
2, c¢6 thé thiy cuong do cua song ap suit
trong hon hop sau khi phan xa boi tuong
ctimg, n6 dugc ting toi gia tri 1on hon nhiéu
so voi gia tri cua cudng d6 4p sudt ban dau
tac dong vao hdn hop, gia tri ndy co thé dat
t6i 25.38 MPa. Pong thoi, co thé thay bot hoi
trong hon hop ciing bi co nén manh, c6 nhing
thoi diém ban kinh bot chi con 0.258 mm.
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Hinh 2. Cac duong cong tur 1-11 la cac profil ap
sudt lan truyén trong hon hop va su thay doi cia
ban kinh bot twong vng voi cdc khodng thoi gian:
t=1; 3.5; 6.5; 9; 14; 15.5; 16.3; 16.5; 16.62;
16.68 va 16.72 ms.

Khi c6 song ap suit tac dong, lan truyén vao
trong hdn hop, hdn hop bi nén lai, khi d6 xuat
hién vén toc cia hdn hop, va qua trinh nén
hén hop sé& lan truyén t6i cudi duong dng. Do
cudi duong 6ng c6 van dong, nén hdn hop lai
dung lai, tai day ap suat duge tang cao va lai
dugc lan truyén nguoc lai trong 6ng. Khi do
khdi nude s& co xu hudng va chuyén dong véi
van tde nguoc lai. Dudi day 1a mot s6 két qua
nghién ctru ciia cac profil biéu dién van tbc
ctia hdn hop nhan duogc trong cic hdn hop
long - hoi cua nudc, dau tho, nito long va
freon-21.
Véi mé hinh vat 1y dat ra, khi hon hop la
nudce soi chira bot hoi dugc chira trong ong,
trong hinh 3 1a cac profil biéu dién vén tdc
nhan dugc khi c6 séng ap suit lan truyén
trong hdn hop. Trong truong hop nay cac dicu

kién dau va cac diéu kién bién dugc cho nhu
sau: cudong do 4p suat tac dong ban dau cua
hdn hop pe = 0.16 MPa; ap suit ban diu trong
hén hop po = 0.1 MPa; phan thé tich cta pha
hoi ayy = 5%; ban kinh bot R = 1.2 mm; nhiét
d6 ctia hén hop To = 373°K; d6 dai cua dng L
= 0.6 m. Tir cac két qua thu nhan duogc trén
hinh 3 ¢6 thé thay gi4 tri cta van toc hdn hop
thu dugc 1a nho, 16n nhét chi vao 0.188 mis,
cht yéu 1a do qua trinh nén hén hop. Céc
profil van tdc ciia hdn hop trude khi téi tuong
clmg c6 ciu trac don diéu, nhung sau d6 da
xudt hién ciu tric dao dong.
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Hinh 3. Cdc duong cong lién tyc tir I - 12 la cac
profil biéu dién vin téc trong hon hop ciia nwdée
801 chira bot hoi twrong eng voi cac khoang thoi
gian:t=0.5;1; 2; 4; 7; 10; 13; 16; 16.35; 16.44;
16.65 va 16.68 ms.
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Hinh 4. Cdc duong cong lién tuc tir 1 - 13 1a cac
profil bieu dién van toc trong hon hop cua dau thoé
chira bot hoi twong vng voi cac khoang thoi gian:
t=0.5;1, 3;55;7.9; 10.8; 12.9; 14.7; 15.1;
15.3; 15.4; 15.47 va 15.52 ms.
Trén hinh 4 1a cac profil biéu dién van tbc
nhan dugc trong hdn hop cua diu thd chua
bot hoi khi ¢6 song ap suét lan truyén trong
hdn hop. Trong trudng hop nay cac diéu kién
dau va cac diéu kién bién duge cho nhu sau:
cuong do ap suét tac dong ban dau cia hdn
hop pe = 0.16 MPa; 4p suét ban dau trong hdn
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hop po = 0.1 MPa; phan thé tich cta pha hoi
00 = 5%; ban kinh bot R = 1.2 mm; nhiét do
ctia hén hop T, = 273%K; do dai cua éng L=
0.6 m. Tir cac két qua thu nhan duoc trén hinh
4 ¢6 thé thay gia tri cia van toc hdn hop thu
dugce 1a nho, 16n nhat chi vao 0.177m/s, chi
yéu la do qué trinh nén hdn hop.

Trén hinh 5 1a cic profil biéu dién véan tdc
nhéan duoc trong hon hop clia ni to 1éng chia
bot hoi khi c¢6 séng ap suét lan truyén trong
hdn hop. Trong trudng hop nay cac diéu kién
dau va cac diéu kién bién dugc cho 1a: cuong
d6 ap suét tac dong ban dau cta hdn hop pe =
0.2 MPa; 4p suat ban dau trong hdn hop po =
0.1 MPa; phﬁn thé tich cua pha hoi ay = 1%);
ban kinh bot R = 1.5 mm; nhiét do cua hdn
hop To = 77.35°K; d6 dai cua éng L = 10 m.
Tur cac két qua thu nhén duoc trén hinh 5 co
thé thay gia tri cia van téc hdn hop thu duge
1a nho, gia tri 16n nhat chi vao khoang 0.099
m/s. Céc profil van tdc ciia hdn hop trudce khi
t61 tudng cling c6 cau trac dao dong va sau do
ciling ¢6 ciu trac dao dong khi hdn hop trong
trang thai chuyén dong nguoc lai.
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Hinh 5. Cdc duong cong lién tuc tir 1 - 11 la cac
profil biéu dién van toc trong hon hop cua ni to
long chira bot hoi twong wng voi cac khodng thoi

gian: t = 3; 13.9; 29.2; 43.1; 55.2; 64.7; 69.6;

73.7; 76.4; 80.9 va 84.4 ms.

Trén hinh 6 1a cic profil biéu dién véan toc
nhéan dugc trong hdn hop cua freon 21 chia
bot hoi khi c6 song ap suét lan truyén trong
hén hop. Trong trudng hop nay céc diéu kién
dau va cac diéu kién bién duge cho nhu sau:
cuong do 4p suat tac dong ban dau cua hdn
hop pe = 0.37 MPa; 4p suat ban dau trong hon
hop po = 0.185 MPa; phan thé tich ctia pha
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hoi ayy = 1%; ban kinh bot R = 1.5 mm; nhiét
d6 cua hon hop T, = 299°K; d6 dai cua éng L
= 10 m. Tir cac két qua thu nhan dugc trén
hinh 6 c6 thé thay gia tri ciia van téc hdn hop
thu dugc 1a nho, 16n nhét chi vao 0.098 mis,
Ciing nhu truong hop trén khi hdn hop 1a ni
to 1ong, cac profil van tdc ctia hdn hop trude
khi t&i tudng cimg co ciu triic dao dong va
sau d6 ciing c6 cdu trac dao dong.
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Hinh 6. Cdc duong cong lién tyc tir I - 11 la cac
profil biéu dién van toc trong hon hop cua freon2l
chira bot hoi twong vng voi cdc khoang thoi gian:
t=5; 15; 28.4; 41.2; 55.4; 66.2; 73.5; 77.3; 82.9;
85 va 85.48 ms
Nhu vay, cac két qua nhan duoc trén cac hinh
tir 3-6 1a cac profil biéu dién van téc cua hdn
hop trong cac hdn hop 1ong - hoi: nudc, dau
tho, nito 1ong va freon-21. Céac két qua da cho
thdy, van tdc ciia hdn hop nhan dugc 13 nho.
Van tbe nay nhan dugc do sy nén cua hon
hop, phu thudc vao ndng do thé tich cua pha

hoi va tinh cht vét 1y nhiét cua hdn hop.

KET LUAN

Trong bai bio di trinh bay cic két qua
nghién ctru vé su anh huéng cua qua trinh
lan truyén ctia séng ap sudt trong mot sd
hdn hop 16ng — hoi nhu : nudc, dau tho, nito
long va freon-21 t&i van téc hdn hop. Trén
co s& cac két qua nhan dugc co thé dua ra
mot s két luan nhu sau:

Khi séng ap suat lan truyén trong hdn hop
16ng — hoi, cudng do cua ap suit phan xa lon
hon nhiéu so v&i cudng do ap suat tic dung
ban déau (gép hon 10 lan d6i v6i hdn hop cua
nuéc). Pong thoi bot bi co nén manh, c6 thoi
diém ban kinh bot bi nén lai chi con 1/5 lan
ban kinh ban dau.
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Van tdc hdn hop nhan duge khi co song ap
suét lan truyén 1a nho, cha yéu 1a do qua trinh
nén hon hop; gia tri vén tdc phu thudc vao
nong do thé tich pha hoi, vao tinh chat vat ly
nhiét ctia hon hop, vao cuong d6 séong ban
dau (vi du, d6i v6i hdn hop cua nude khi p, =
0.16MPa, 0y = 5%, v = 0.188 m/s, ddi véi
hon hop cua freon 21 khi pe = 0,37MPa, oy =
1%, v =0.098 m/s ).

Céc profil van toc cta cac hdn hop trude va
sau khi t6i van déng c6 ciu triic don diéu hay
dao dong phu thudc vao tinh chét vat 1y nhiét
ctia hdn hop, hay chinh 1a qua trinh trao d6i
nhiét va khéi luong gifia cac pha trong hdn
hop. C6 thé thiy qua trinh trao d6i nhiét va
khdi lwong cta hdn hop ciia nude va dau tho
manh hon so véi hon hop cua ni to 16ng va
freon21.
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SOME INVESTIGATION RESULTS OF THE INFLUENCE OF PROPAGATION
PROCESS OF PRESURE WAVES IN MIXTURE OF LIQUID - VAPOUR ON

THE VELOCITY OF MIXTURES

Nguyen Van Tuan”, Hoang Dieu Linh, Nguyen Thi Kim Thoa

Truong Dai hoc Ky thudt Cong nghiép - DH Thai Nguyén

Mixture Liquid - Vapour is a mixture of liquid with vapour bubbles. This Mixture met in many
natural and industrial processes. In this paper, the results of the investigation of the propagation
process of pressure waves in the mixture of Liquid with vapour bubbles bring on the change of the
bubbles radius and the its influence on velocity of mixtures: water, crude oil, freon 21... are

presented.

Key words: Liquid; vapour bubbles; wave; valve closure; phase; presure; mixture.
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