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MOT SO KET QUA NGHIEN CUU VE QUY LUAT TANG AP SUAT
CUA SONG PHAN XA TREN VAN PONG CUA ONG CHUA HON HQP
CHAT LONG - HOI

Nguyén Vin Tuin”, Lé Thu Thiiy, Nguyén Thi Kim Thoa
Truong Pai hoc Ky thudt Cong nghiép - PH Thai Nguyén

TOM TAT

Hon hop léng - hoi 1a hon hop chét long chira bot hoi. Hon hop nay thuong gap nhicu trong tu
nhién va cac quéa trlnh ky thuat. Trong bao cao nay s trinh bay qua trinh tang ap suat cua song
phan xa tai van dong ong (chira hdn hop chat long — hoi) khi c6 song 4p sut lan truyén trong hdn
hop va tac dong vao van. Phuong phap sé di duoc sir dung dé tinh toan, nghién ctru va phan tich
sy anh huong cua cudng do ap suat ban dau ciia song ap suat va ndng do thé tich pha hoi trong hon
hop dén su ting ap suét tai van dong ctia song phan xa. Tir cac két qua nhan dugc & trén ta xac
dinh dugc quy luat ting ap suat cta song phan xa tai van dong dng chira hdn hop chét 16ng — hoi.
Tir khéa: Chdt long; bot hoi; séng; van déng; pha; hén hop; dp sudt
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SOME RESEARCH RESULTS ON THE LAW OF PRESSURE INCREASE OF
THE WAVES REFLECTED AT THE CLOSE VALVE WITHIN THE PIPE
CONTAINING MIXTURE OF LIQUID WITH VAPOUR BUBBLES
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ABSTRACT

The liquid — vapour mixture is a mixture of liquid with vapour bubbles. This type of mixture is met
in many natural and industrial processes. This paper presents the process of pressure increase of
the waves reflected at the close valve of pipe (contain mixture of liquid - vapour) when the
pressure wave propagates in the mixture of liquid with vapour bubbles and impacts on the valve.
The numerical method is applied to calculate, study and analyze the influence of initial intensity of
pressure and the volume fraction of vapour phase in the mixture on the pressure increase of the
waves reflected at the valve. From the results achieved above, the law of the pressure increase of
the waves reflected at the close valve is determined.
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1. Mé dau

Hon hop chat long chira bot hoi 1a moi
truong hai pha c6 tinh chit dic biét. Trong
hdn hop do ¢6 su két hop cua cac tinh chat
phi tuyén, tinh phan tan va hao tan ning
lugng, nén biéu do mo ta cac séng c6 nhiu
dang. Dic biét, khi thay doi cic dieu kién
thuy dong luc, s& dan dén sy thay d6i manh
céc cau trac vé song va cac qua trinh tuong
tac gilta cac pha. Khi song lan truyén trong
hdn hop, cac bot trong hon hop s& bi co nén,
va chinh sy co nén cuia bot trong hon hop sé
xay ra hién tugng trao ddi nhiét va trao do6i
khéi lugng giita cac pha va xuat hién van toc
cia hon hop. Vé dong lyc hoc song, da co
nhiéu cong trinh khoa hoc trong nudc va trén
thé glcn quan tam nghién clru cac qua trinh
lan truyén cua song trong hdn hop chat 1ong
chtra bot [1], [2]. Tinh phi tuyén ctia hdn hop
long bot duogc thé hién rd trong qua trinh
tuong tac gitra cac song dugc trinh bay trong
[3], [4]. Trong cac qua trinh trén, mot van dé
khoéng thé tach roi, d6 1a qua trinh trao d6i
nhiét va khéi luong giita cac pha, vin dé nay
¢ thé tim h1eu tai [3], [5]. Cac hién tugng
bét thuong vé sy ting ap suit xay ra trong
hdn hop khi song lan truyén va bi va dap vao
tuong cung dugc nghién ctu va trinh bay
trong [1], [6], [7]. Trong truong hop khi
song 4p suit lan truyén va tic dong vao van
dong cua ng chira hdn hop 1ong - hoi, cac
bot bi co nén manh, ap suét tai van tang cao,
song s€& bi phan xa nguoc lai tor van, lan
truyén trong hon hop, day 1a mot van dé da
va dang duogc cac nha khoa hoc trén thé gioi
va trong nudc quan tdm nghién ctru. Trong
béo cdo nay, s& trinh bay qua trinh lan truyén
ctia song ap suét trong hdn hop 1éng — hoi t&i
van dong 6ng va bi phan xa nguoc lai tir do,
trén co s& cac két qua nghién ciru, sir dung
phuong phap ndi suy, quy luédt ciia qua trinh
tang ap suat tai van s& dugc chi ra. Két qua
nghién ctru s€ mang lai dong gép mdi, cod
nhiéu y nghia cho linh vuc dong luc hoc
dong chay nhiéu pha, ing dung trong cac
nganh cong nghiép ning lugng, ché bién va
van chuyén dau khi, ung dung trong cac hé

thong thiy luc ciia 6t6 va may xay dung.

2. Mo hinh toan hoc

Moi truong hai pha dugc sir dung 1a hon hop
ctia chat 1ong chtra bot hoi dugc chira trong
ong nam ngang c6 chiéu dai L. Gia thiét
réng, bot hoi hinh ciu duoc phan bd déu
trong hén hop, khong c6 su phan chia bot va
ndng do thé tich pha hoi khong qua 16n [7].
Cudi duong dng c6 mot van dong dng dugc
ché tao boi vat lidu cimg tuyét doi, hdn hop
dung yén trong 6ng. Khi co ap sudt ban dau
tac dong, song ap sut lan truyén vio trong
hon hop, céac bot bi co nén va hon hop bi nén
lai, song ap suat tac dong vao van dong, ap
suit tai d6 ting cao va phan xa tir d6 lan
truyén vé hudng nguoc lai trong dng.
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Hinh 1. Qua trinh lan truyén vd phan xq tai van
dong cua song dp suat trong hon hop chat long
chira bot hoi
Trén co s& cac phuong trinh bao toan khéi

lugng, s6 lugng bot va xung lugng:
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Céc phuong trinh trén két hop véi cac phurong
trinh thay d6i khdi lugng ciia ting bot,
phuong trinh dong nhiét trong pha ldéng,
phuong trinh dong nhiét trong pha hoi,
phuong trinh twong thich bién dang Rayleigh
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- Plesset biéu din 4p suét cua cac pha va ban
kinh bot, 1ap thanh mot hé phuong trinh thuy
nhiét dong luc hoc kin mo6 td qua trinh lan
truyén cac song xung kich, cac qua trinh
tuong tac pha, cac qua trinh trao d6i nhiét va
khéi luwgng giita cac pha trong hon hop long —
hoi [8]. Trong hé phuong trinh trén, cac chi
sO dusi i=1,2,0 lacac tham s6 cua chat
long, hoi va trang thai can bang ban dau; o,
Pi, Pi, po 12 phan thé tich, ap suat, mat do
trung binh va mat do thyc cua pha thir i; v 1a
van toc hdn hop; n 1a sb lugng bot trong mot
don vi thé tich; R 13 ban kinh bot; jlaty I¢
cua su chuyén pha trong mot don vi dién tich
bé mit gitta cac pha; o 1a hé s stc cing bé
mat; & la toa d6 Lagrange va t 1a thoi gian.
Giai hé phuong trinh thuy — nhiét dong luc
hoc trén véi cac diéu kién dau va diéu kién
bién sau:

20
t=00p=py P, =Py +ﬁ; R=R;T, =T,=T;

Vo =0; W= o= 0; p = pp.

§=0: p=npe;
@ =
2¢|, .,

Trong d6, L 1a d6 dai ctia dng khao sat.

Hé phuong trinh trén di dugc giai bang
phuong phép sd, dua 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 sé két qua
thuc nghiém va da duoc trinh bay tai [7].
Chuong trinh nay dugc s dung dé nghién
clru va phan tich cac qua trinh lan truyén cia
song ap suét trong hdn hop 1ong — hoi, phan
tich va tinh toan qué trinh ting ap suét cua
song phan xa tai van dong va lan truyén
nguoc lai trong éng chita hdn hop.

3. Cac két qua va ban luin

Trong cac hinh 2 — 4 1a cac profile biéu dién
qua trinh tién trién cua soéng ap suit va qua

trinh phan xa ctia n6 sau khi tdc dong vao van
dong trong hdn hop ciia nuéc chira bot hoi.
Trén biéu d6 minh hoa, thi truc thang dimg l1a
chc gia tri cia p suét trong hdn hop cua qua
trinh tién trién va phan xa boi van, né dugc
lay theo toa do logarit, con truc nim ngang
duogc lay theo toa do khong gian & Céc quéa
trinh nay phu thudc vao diéu kién ban dau,
cac diéu kién bién, cuong do song va cac
tham sb vat chit cua hdn hop.

Trong trudng hop nay cb po = 0,1 MPa, phan
thé tich cta pha hoi o0 = 5% , tai & = 0 ¢6
tac dong cua ap suit v6i cudng do khong ddi
Pe = 0,16 MPa, ban kinh bot trong hon hop
ban dau 1a R = 1,5 mm. Tur cac két qua duoc
trinh bay trong hinh 2, ¢ thé thay cuong do
clia s6ng ap suét trong hdn hop sau khi phan
xa bdi tuong cung, nd duoc ting toi gia tri
16n hon nhiéu so voi gia tri ciia cuong do ap
sudt ban dau tac dong vao hdn hop, gié tri nay
c6 thé dat t6i 2,538 MPa.
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Hinh 2. Qua trinh lan truyén va phan xa tai van
dong cua séng ap suat. Cdc duong cong fir 1-11 la
cdc profile ap suat tuwong ung voi cdac khoang thoi

gian: t=1; 3,5; 6,5; 9; 14; 15,5; 16,3; 16,5;
16,62; 16,68 va 16,72 ms
Trong hinh 3 1a két qua nhan duoc qua trinh
tang ap sudt tai van dong va ting ap suit trong
hén hop khi cac diéu kién ban dau, cac diéu
kién bién, cudong do song ap suit va cac tham
sb vat chat duoc cho nhu sau: po = 0,1 MPa,
Ro = 1,5 mm, phﬁn thé tich cua pha hoi az =
5%, tai & = 0 cuong do cua song ap sudt tac
dong vao hdon hop pe = 0,14 MPa. Tir cac két
qué biéu dién trong hinh 2 di cho thay, cuong
d6 ciia song ap suat trong hdon hop sau khi
phan xa tir van dong Ong ting cao hon nhiéu
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so voi gia tri ban dau cia no. Trong trudong
hop ndy, ap suat phan xa trén van cé thé dat
toi 1,906 MPa.
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Hinh 3. Qud trinh lan truyén va phdn xa tai van
dong ciia séng ap sudt. Cdc dwong cong 1-12 1a
cdc profile dp sudt twong iing véi cac khodang thoi
gianla: t=0,6; 2; 6,1; 10,3; 16,1; 18,5; 19,8;
20,7; 20,42; 20,51; 20,56 va 20,62 ms
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(1] 100 200 300 400 500 600
Hinh 4. Qua trinh lan truyén va phan xa tai van
dong cua song ap suat. Cac duong cong 1-12 E}
cdc profile ap suat tiwong vwng voi cdc khodang thoi
gianla:t=0,79; 3,73; 9,3; 15,6; 20,85; 22,7;
32,48; 23,76; 23,85; 23,9; 23,93 va 23,95 ms
Khi ting phan thé tich ctia pha hoi oz = 7%,
van giit nguyén pe = 0,14 MPa va R = 1,5
mm. Tir cac két qua duoc trinh bay trong hinh
4, c6 thé thiy cuong do cua song ap sudt
trong hon hop sau khi phan xa bdi tudng cling
duoc tang manh, gid tri nay co thé dat toi
2,504 MPa.
Tir céc két qua biéu dién trong hinh 2 va 3, co
thé thdy trong ciing diéu kién vé cau tric cua
hdn hop, khi ting cudng do cua ap suit ban
dau tac dong vao hdn hop thi cudong do nhan

duogc trén van dong tang. Cu thé, khi ap suit
ban dau pe = 0,14 MPa thi gid tri ctia ap suat
nhan duoc trén van 1a pmax = 1,906 MPa, con
khi pe = 0,16 MPa thi pmax = 2,538 MPa. Gia tri
ctia 4p sudt phan xa 16n hon nhiéu (c6 thé 16n
hon tir 10 — 15 1an) so véi gi4 tri cua cudong do
4p suét ban dau tac dong vao hdn hop.

Cuong do cua song phan xa bdi van dong
tang khi ting nong do thé tich pha hoi trong
hdn hop. Céc két qua tinh toan duoc trinh bay
trong bang 1 cho thay sy anh hudng ciia ndng
d6 thé tich pha hoi trong hdn hop 1én gid tri
cuc dai nhan dugc trén van dong.

St dung phuong phap ndi suy dé xac dinh
duoc quy luat ting ap sudt trén van phy thudc
vao ndng d6 thé tich cia pha hoi trong hdn
hop 2. Quy luat ting 4p sudt trén van cla
song phan xa phu thudc vao ndng do thé tich
pha hoi duoc biéu dién boi ham bac ba co
dang nhu sau:

P(o20) = - 22333 az0® + 3449,3 a0’ - 139,65
o0 + 3,0343

Trong do6, P 1a ap suét cuc dai nhan dugc trén
van dong, az la phan thé tich cia pha hoi
trong hon hop. DO thi ciia ham sb trén duoc
biéu dién trong hinh 5.

2B

25

pmax {M Pa:l

0,02 o,loa 0.|04 0,65 n,los o.lm 0,08
The tich pha hoi (%)
Hinh 5. Quy ludt ciia sw tang dp sudt ciia séng
phan xa tgi van dong phu thudc vao nong do thé
tich pha hoi trong hon hop azo

Bang 1. Ap sudt I6n nhat nhdn dwoc trén van déng phu thuéc vao nong dé thé tich pha hoi trong hén hop

Cwong do ap
suat ban dau pe

Ap suit 16n nhat trén van déng pmax (MPa)

o220 =3 % o0 =4 %

a0 =5% a0 =6 % ax=7%

0,14MPa 1,35 1,523

1,906 2,234 2,504
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Nhu vay, sy ting ap sut tai van dong dng cua
qua trinh phdn xa phu thuéc manh vao néng
d6 thé tich cta pha hoi trong hdn hop. Khi
ndng do thé tich cua pha hoi ting thi cuong
d6 cua song ap sudt sau khi phan xa boi van
dong tang.

4. Két luan

Trong bao cdo da trinh bay qua trinh lan
truyén clia song ap suét trong hon hop long —
hoi t6i van dong 6ng, tic dong vao van va bi
phan xa nguoc lai tir d6. Sy anh hudng cua
cuong do 4p suat ban dau ciia song 4p suat va
ndéng do thé tich pha hoi trong hdén hop dén
quy luat ting &p suit cua song phan xa da
duoc nghién ctru va phan tich. Trén co s¢ cac
két qua nhén dugc co thé dua ra mot sb két
luan nhu sau:

- Trong cung diéu kién vé ciu trac ciia hdn
hop, khi ting cudong do cua ap suit ban dau
tac dong vao hon hop thi cuong d6 cua ap
suat nhan duoc trén van déng cta song phan
xa tang. Gi4 tri cua 4p suit phan xa 16n hon
nhiéu (c6 thé 16n hon tir 10 — 15 1an) so véi
gia tri cia cuong do ap suat ban dau tic dong
vao hon hop.

- Quy ludt ting ap suit trén van déng cua
song phan xa phu thudc vao ndng do thé tich
pha hoi duoc biéu didn boi ham bac ba co
dang nhu sau:

P((Izo) = - 22333 (),203 + 3449,3 ()Lzo2 - 139,65
o0 + 3,0343

Lo&i cdm on

Nhém tac gia bai bao nay cam on sy hd tro
ngudn kinh phi tir dé tai cip co so cua
Truong Dai hoc Ky thuat Cong nghi¢p, Pai
hoc Thai Nguyén.
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