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NGHIEN CUU QUA TRINH HINH THANH VA PHAT TRIEN XAM THY'C
TRONG BOM HUONG TRUC TY TOC CAO (ns=1200 v/ph)
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Tém tit: Bai bdo nay trinh bay nghién ciru sy hinh thanh, phdt trién va phdn bé vimg bot khi trén
banh céng tac ciia bom hwdng truc ty toc (ns) cao bdngphumgphap mé phéng s6 va thiee nghiém.
Boz twong nghién cuu la bom hu’ong truc cé ng=1200 v/ph. Két qua thu’c nghiém va mo phong dwoc
tong hop va so sanh v6i nhau vé mat hinh anh ving bot khi phat trién theo thoi gian va cdc gid tri
thong so lam viéc cua bom dé danh gid tinh tin cdy cua phuong phap nghién ciu. Cac két qua nghién
clru mé phong gom phdn bo bot khi, sw phat trién ciia vung bot theo thoi gian, phdn bo dp sudt, mdt
do, anh huong cua dong chay nguoc tai khe ho canh dén sy nhiéu loan va phat trién xam thie sé
dirge phan tich va thao ludn cu thé 50 VOl két qua thu dwoc tir thie nghiém. Vé ‘mat Iy thuyét, viéc
nghién cvru sy hinh thanh va phdt trién cia xam thuc - trong bom hudng truc ty toc cao di giai thich
va lam ré hon ban chdt ciia xam thiee, Vé mat thuc tién, nghién ciru ndy gip cho cac nha thiét ké c6
nhitng dit liéu can thiét dé c6 cac nghién civu tiép theo vé cdc gidi phdp han ché anh hirdng ciia xam
thuc trong bom noi chung va bom hwong truc noi riéng.

Tir khéa: Bom huéng truc, ty toc cao, xdam thiee, mé phong, thiee nghiém.

Summary: This article presents research on the formation, development and distribution of air
bubbles on the impeller of a high-speed axial pump using numerical simulation and experimental
methods. The research object is an axial pump with n=1200 rpm. Experimental and simulation results
are synthesized and compared with each other in terms of images of the bubble area developing over
time and pump working parameter values to evaluate the reliability of the research method. Simulation
research results include the distribution of air bubbles, the development of the bubble area over time,
the distribution of pressure, density, and the influence of reverse flow at the wing gap on turbulence
and cavitation development. will be analyzed and discussed in detail compared to the results obtained
from experiments. Theoretically, the study of the formation and development of cavitation in high-
speed axial pumps has explained and clarified the nature of cavitation. Practically, this research helps
designers has the necessary data for further research on solutions to limit the effects of cavitation in
pumps in general and axial pumps in particular.

Keywords: Axial pump, high speed, cavitation, simulation, experiment.

1. PAT VAN PE

Xam thyc 1a hién tuong xuat hién cac bot khi
(hoi) trong dong chét 1ong do nguyén nhan
giam ap suit dén mot gia tri toi han nao do.
Thong thuong gia tri toi han do 1a ap suat hoi
bdo hoa (Puh). Ap suat nay phu thudc vao ban

bat ky diém nao trong chat 1ong ma ap suat giam
dén ap suit hoi bio hoa, tai noi day bot khi hinh
thanh. Cac bot nay duoc chat 16ng mang theo
va di vao ving ap sut thap hon hoic cao hon,
chung 16n 1én hodc bé di, hodc bi nd (nd bung,
n6 xep), kém theo sy dao dong cac thong sb

chét cua chat long va nhiét do cuc bg. Néu tai
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nhau. Xam thuc giy nén rung On, giam hiéu
suét va tudi tho may.

Mot sb cac cong trinh nghién ctu tiéu bidu vé
xam thyc c6 thé tham khao nhu: nghién ctru vé
anh hudng cua géc canh cong tac trén hién
tugng xam thyc trong bom hudéng truc nam
2012 [1]. V& nghién ctru va dy bao xdm thyc
nam 2005 [2] dd cong bd cong trinh nghién ctiru
va du bao xam thyc trong mdy bom. Theo tac
gia, xam thuc ngay cang tré thanh yéu t6 tro
ngai chinh trong thiét ké nang cao hiéu suat may
bom. Cac quy tic thiét ké ¢ dién duogc 4p dung
trong nhiéu thap ky khong con hiéu qua nira, va
hinh thanh nhu cdu manh mé& du doan hanh vi
xam thyc cua may bom st dung cong cu mo
phong s chinh xé4c cao. Nhom tac gia Masashi
Fukaya, Tomoyoshi Okamura, Yoshiaki
Tamura va Yoichiro Matsumoto nam 2003 [3]
da dua ra phuong phap dy doan xam thyc va
hiéu sudt cia bom huéng truc bang cach st
dung phuong phéap s6 mé phong dong xam thuc
v&i mo hinh dong bot khi. Ngoai ra con ¢6 cac
nghién ctru vé xody bé mit va 4p sudt & miéng
hat bom hudéng truc ding" nam 2012 [4],
nghién ctru vé anh huong cua xam thuc dén cot
ap bom trong may bom hudng truc, ndm 2015
[5]. Theo cac nghién ctru, kich thudc ciia may
bom hudng truc dugc st dung trong cac tram
bom thoat nudc giam va téc do quay ciia ching
da tang 1én, tuy co thé dat duoc muc tiéu giam
kich thudc va giam duge chi phi ché tao thiét bi
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Céc phuong trinh tong quét trén dugc giai bang
mo hinh rdi k-o shear stress transport (SST).
MO hinh nay c6 d¢ chinh xac cao khi mo phong
truong dong chay trong may thuy luc. Khéi
luong riéng cua hon hop duogc xé4c dinh bﬁng
cong thuc sau:

Pm = aypy + (1 — a,)p; (3)
Trong qué trinh xam thyc, sy thay ddi khoi
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va cong trinh tram nhung s€ lam tang nguy co
gdy ra xam thuc.

Bom hudng truc ty toc cao 1a dang bom luu
lugng 16n, cot nude thép. Mait khac, yéu cau
gi6i han kich thuée ché tao (lién quan dén kha
ning cong nghé va gia thanh) dan téi toe do
dong chay 16n, dy co thé 1a tac nhan giy nén
xam thyc trong cd may bom nay.

Bén canh d6, hiu hét cac bom 1én déu sir dung
canh xoay dé co6 thé diéu chinh dugc thong sd
cot ap, luu luong thich ung voi diéu kién van
hanh thyc té. Vi vay, xam thuc hoan toan c6 thé
xay ra khi st dung bién phap xoay canh.

Chinh vi vay, nghién ctru xam thuc xdy ra trong
bom hudng tryuc ty tc cao 13 rat can thiét, trong
do6 viéc nghién ctru qua trinh hinh thanh va phat
trién ctia xAm thue cho gam bom nay 1a rat quan
trong.

2. PHUONG PHAP NGHIEN CUU

2.1. Phuong phap mé phéng sé

2.1.1. Phwong trinh tong qudt

Khi 4p suat giam xudng ap suat hoi, chat 1ong
bét dau hoa hoi va dong bot bot khi sé& tron lan
v6i dong chat 16ng. Bang canh sir dung don gidn
héa van toc khong truot gitta hai pha, khi do
dong xam thuc co thé coi 1a mot dong chay
dong nhat. Cac phuong trinh lién tuc va dong
luong cho dong hon hgp khong nén duge nay
dugc biéu dién nhu sau:

(1

+ ‘;“—xm) )

luong pha 16ng-khi (bay hoi va ngung tu) dugc
diéu khién boi phuong trinh sau:

ad
— (0ypy) + V. (ay,p,V,) = Re — R “4)
ot

M6 hinh Zwart — Gerber - Belamri dugc chon
dé dién ta ty 1é trao d6i khdi lugng, s dung
phuong trinh nay cho kha ning giai manh mé
va nhanh chéng hoi tu. M6 hinh nay thiét lap
dua trén gia dinh ring tit ca cic bong bong
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trong xam thuc c6 cung kich thudc va céc
phuong trinh thé hién nhu sau:

Néu P<Pv:

2 P,—P

_ 3anyuc(1-ay)py
Re - Fvap Rp 3 p (5)
Néu P>Pv:
3aypy |2D-Py
Re = Feona =5 — /57 (6)

Trong Ansys CEX 14.5 thi cac thong s trén cd
gia tri nhu sau:

Rp = 1x107° m; ay, = 5x107%;
Fyap = 0.01.

Gi4 tri Feond nho hon gié tri Fyap do trong thuc té
qua trinh ngung tu thuong cham hon nhicu so
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a) Thiét ké 2D
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vO1 qua trinh hoa hoi.
2.1.2. Thiét Igp mé hinh va cdc diéu kign bién
2.1.2.1. M6 hinh mé phong va ludi tinh todan
Thong s6 thiét ké: Cot 4p H = 2.517 m; Luu
luong Q = 0,4283 m’/s; SO vong quay 980
vong/ phut; Ty toc ng=1172v/ph

Bang 1: Cac thong s6 chinh ciia banh

cong tac
Théng sb Gia tri | Pon vi
Sé vong quay: n 980 v/ph
DPuong kinh bau: dy 0.17 m
Puong kinh BCT: Dyer | 0.352 m
Khe hé dau canh 0.35 mm
S6 14 canh: Z 3

b) Thiét ké 3D
Hinh 1: Thiét ké phan dan dong bom mé hinh
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Hinh 2: M6 hinh tinh todn trong cong cu thiét ké mé hinh (Design modler)
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Hinh 3: Lwoi mé hinh tinh toan va khong gian khao sat

2.1.2.2. Piéu kién bién tinh todn.

- Chon thuat giai: Solver CFX, Pressure-Based,
Transient;

- Chon vat liéu: nudc, nhiét do 25°C; bot khi,
nhiét d6 25°C va ap suit hoi bdo hoa 1a Py=3173
Pa;

- Chon mo hinh r6i k-w SST;

- Chon mé hinh xdm thuc: MO hinh
Homogenerous, M6 hinh mé6 hinh Zwat,
Phuong trinh Rayleigh — Plesset, Stic cing bé
mat cda bot khi 0.074 N/m.

- Pit cac didu kién bién: S6 vong quay bom
n=102,57 rad/s;

+) Inlet 1a duoc thiét 1ap tong luu lugng dau vao
(Bulk mass flow rate; fo)ng dd bot khi dau ay
(volume of fraction);

+) Outlet 1a duoc thiét 1ap 4p suat dau ra (tham
chiéu gia tri chay ¢ ché do no-cavitation); Doi
v6i chay ché dd no-cavitation thi Pow= 0 Pa;
+) Interface dé dang Rotor-Stator, Specific
angle cho Rotor va Stator 1a 360 d§ va bién
tuong 1a dang No-slip wall;

- Pit tiéu chuan hoi tu: 0,000001; Timestep
size: At=0.0002s.

2.2. Phuwong phap thuwe nghiém

Phan nghién ctu thuc nghiém may bom mo
hinh dugc thyc hién trén gia thi nghi¢ém bom
ctia Vién Bom va Thiét bi thity loi nhu so d6 do
¢ Hinh 3. Quy trinh thtr nghiém nhu sau:

- Kho1 dong dong co dién kéo may bom quay &
tri s6 n khong doi, nude duoc hit tir bé hut vao
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bom va duoc dy vao dng chay vao bé xa. Bé
xa va bé hut thong nhau bang duong ong trén
do6 co dat thiet bi do luu lugng.

- Dung van dit trén 6ng day dé thay d6i luu
lwong tir 0 dén Qmax.

- Po luu lwong Q nho thiét bi do dit trén éng
ndi hai bé, hoic dung dau siéu Am do trén doan
bng day.

- Po cdt nude H va v€ duong H - Q: dung chan
khong ké dit ngay & gan ctra vao BXCT dé do
d6 chan khong He , dung ap luc ké dé do cot
nude cdt nude ap luc Hax & ngay sau cua ra
BXCT, tinh ra c6t nuéc H theo cong thirc sau:

. — — H
[ e iCE
: i
H g H
H o [E
S EEle i
o T,
oo ™ M Bin
s ® hOtheng thYnghi®mm, y b-mkiCu k¥

H=Huy+ Hea+ 7+ (v:-vi)/2g (7)
trong d6 Z- khoang cach hai diém do giira ap ké
va chan khong ké (v6i hé thdng thi nghiém nay,
7=0),vl,v2-van tdc nude ¢ hai diém do tuong
{mg 16i vao va ra bom & vi tri 1 va 2.

MJi lan thi nghiém phai gitr vong quay n
khong d6i, diéu chinh luu lwong thong qua do
mé& van trén dng ddy. Cot ap & cac diém do
chan khong ké (1) va ap ké (2) tuong tng trén
so d6 Hinh 3 dé xay dung dic tinh H - Q véi
n khong d6i, dic tinh cong suat N — Q tai cac
goc xoay canh khac nhau trong dai tir -6 © dén
6°.

Hinh 4: Hé thong thi nghiém mday bom hwéng truc ns ~ 1200 v/ph
(Vién Bom va Thiét bi thity loi)

Céc thong s6 chinh can do dac trong qua trinh
thi nghiém bao gom:

- Luu lugng

- Cotap

- S6 vong quay

- Ap suét hut

- Cong suit trén tryc bom

- Hiéu suat may bom

Theo do chinh x4c cta céac thiét b do, gia tri do
luong vé cot ap, luu lugng, mdé men va cong
suat co sai sO trong gidi han 3%.

Trudc khi do dac thuc nghiém, tién hanh kiém
tra cac di€u kién lam vi¢c cua h¢ thong thi
nghiém va cua may can kiém tra muc nudc
trong hé thong, hoat dong cua may bom chan
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khong, hé théng van va hiéu chinh diém ‘O’
ctia cac thiét bi do luong. Sau d6 khoi dong
may bom va diéu chinh qua van dé dat céac
trang thai khao nghiém, theo doi va ghi cac
thong s6 ciia hé thong trén ban diéu khién.
Thi nghiém trén bom mo6 hinh duogc tién hanh
tai 5 vi tri goc xoay canh: 0°, -3%, -6°, +3° va
+6°. Tai mdi vi tri gbc xoay, tién hanh thi
nghiém do dac cac thong s6 ctia bom va st dung
camera chup 4nh quan sat cic trang thai cia
dong chay xam thuc.

3. KET QUA VA THAO LUAN

Céc két qua thu duoc qua nghién ctru bang mé
phong va nghién ctru thyc nghiém duoc sap xép
theo kiéu so sanh hinh anh thuc nghiém va mo
phong duogc trinh bay trong hinh 5.
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Hinh 5: Xam thyc trong banh cong tac bom hwong truc:
so sanh giita két qud mé phong 6 va két qua thwc nghiém

Két qua thu duoc bang md phong sb co tinh tuong
dong tot voi két qua thue nghiém. Cu thé 13 vé vi
tri xuat hién bot khi déu & mép vao, khe hé canh
va sy phat trién ctua ving bot khi theo thoi
gian. C6 thé thay hinh dang chinh xac cta ving
bot khi trong thyc nghiém va trong tinh toan
khong gidong nhau, vi cau tric nay dao dong lon
theo thoi gian va theo khong gian.

Hinh 6 cho thiy sy hinh thanh va phat trién ving
xam thuc theo thoi gian ting dan trén banh cong
tac va trén bién dang canh 2D (hydrofoil). Két qua
cho thay sau 0.062 gidy, bot khi khong xuét
hién. Sau 0.126 gidy bot khi bat dau xuat hién &
ba canh bom. Sau 0.186 gidy thi sy phat trién
khoang bot khi tiép tuc ting 1én & cic mép vao
clia cac canh do 4p sudt tai ddy thap (nho hon gia
tri 4p suét hoi bdo hoa P,=3175). Sau 0.266 gidy
hinh dang khoang hoi phat trién hoan toan va giit
nguyén trang thai. Phan hién thi mau d6 cho thay
bot khi xuat hién chu yéu tai phan dau vao mép
canh.

Hinh 6. Sy phat trién cia bot khi xam thuc
theo thoi gian.

Wator Vekxity
Vo r

. 2107001

1 G4 te+00

M 1 D0da+001

5 A8 te~000

1 0220002
(m #AY)

Hinh 7: Phdn bé vén toc 6 khe hé canh

Hinh 7 cho thay hién twong dong chay nguogc
qua khe ho canh do chénh ap hai bén mat canh.
Chénh 1&ch ap suat cang 16n dong chay ngugc
nay cang gia ting. Dong chay nay khi két hop
véi dong xam thyc sinh ra tai mép canh dan téi
su hdn loan ting dan.
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4. KET LUAN

Bai bao di trinh bay cac két qua nghién ctru sy
hinh thanh va phat trién xam thuc trong bom
huéng tryc ty tc cao (ns=1200 v/ph) bang mo
phong sb va thuc nghiém. Tu cac két qua
nghién ctru ndy c6 thé dua ra mot sé két luan
nhu sau:

1- Két qua thu duoc bang md phong sb o tinh
tuong dong tot Voi két qua thuc nghiém vé su
hinh thanh, phat trién vung bot khi (khoang xam
thuc) theo thoi gian. Piu nay ciing khang dinh
do tin cay cua cac két qua nghién ciu bang
phuong phép mé phéng.

2 - Can cir vao két qua khao sat xam thyc bang
thuc nghiém, két hop véi cac két qua mo phong
c6 thé budc dau giai thich qua trinh hinh thanh
va phat trién xam thyc trong bom nhu sau: Tai
vung ap suat thap (pmin < pbh) & mép vao phia
mit hat cia canh cong tac (diém goc nhon cua
mép vao va tiét dién bién) xuét hién cac bot khi
xam thuc dau tién, cac bot khi nay phat trién tao
ra cac ra xody quan. Dong chay ngugc qua khe
hé do chénh ap hai bén mat canh cling gy ra
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