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TOM TAT

Pdc diém vé xam thiee trong mdy canh dan luén dwoe quan tdm nghién ciru dé cdi tién thiét
ké, vin hanh hiéu qua. Cdc nghién ciru trén mé hinh mdy d@é dwa ra dir bdo xam thuc xay ra thuong
dira trén phwong phap nghién cieu thue nghiém hodc mé phong sé hodc két hop ca hai phirong phdp
trén. Bai bao nay, trinh bay cac két qua nghién civu thue nghiém khi van hanh mdy bom hwong truc
c6 s6 vong quay déc trung cao (n, = 1200). Cac mday bom huong truc phé bién thirong cé n <
1000. Nghien ciru nay thyec hién trén mau thiét ké c6 n_cao dang duoc quan tam trong xu hwong cdi
tién cong nghé hién nay véi muc tiéu nghién ciru dé thu nhé kich thude mdy, gidm chi phi ché tao
va thich vmg ché do lam viée cét dp thap, luu lwong Iom. Két qua nghién civu nay da quan sdt dwoc
xam thuc khu vuc bién canh banh céng tdac va viung xam thuc khi van hanh may o cdac goc xoay canh
tir -6° dén +6°. Qua do, cho phép ap dung cho thuc tién vung van hanh hiéu qua. Nghién ciru ciing
kiém chimg vé cong thike tinh todn Iy  thuyét du bdo theo s6 xam thuc toi han o, va cho thay cong
thirc ndy van phu hop dp dung voi mau may c6 n = 1200. Cac két qua nghién cu’u cé thé dp dung
phuc vu phdt trién cho 1y thuyét thiét ké may bom huong truc.

Tw khéa: Bom huong truc; Bom thuy lyc canh dén; Xam thue.

ABSTRACT

The cavitation aspects in tubormachines is always in the interest for researchers for
improvement of its design and operation. The prediction of cavitation occurrence can be based
on experimental research or numerical simulation methods or combination of the both aboved
methods. This article presents the results of experimental study in a model of an axial flow pumps
with a high-specific speed (n, = 1200). The popular axial-flow pumps usually have n <1000. This
study is implemented with a turbomachine with a high value of n_with the aim of minimizing the
size of the machine, reducing manufacturing cost and adapting for low pressure, high flow working
mode. As the results of this study, the cavitation in the impeller blade boundary area is observed and
the cavitation area are determined when operating the machine at several blade’s rotation angles
from -6° to +6°. Thereby allowing effective application to practical operating areas. The study also
verified the theoretical calculation formula for prediction based on the critical cavitation number o,
and showed that this formula is still suitable for applying to machine with n. = 1200. The results
can be applied for development of the theory of axial-flow pump s design.

Keywords: Axial-flow Pump, Turbomachine,; Cavitation.
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1. GIOI THIEU CHUNG

Xam thuc trong may bom hudng truc
da dugc nhiéu nha khoa hoc quan tim nghién
clru trong nhiéu nim qua nham phat trién cac
cai tién trong thiét ké, cong nghé va nang cao
hiéu sudt. Cac chi dé nghién ctru chu yéu tap
trung & cac van dé nhu: Tim hiéu ban chét vat
Iy cta hién tugng xam thuc va cac diéu kién
xay ra xam thuc trong bom; Pac tinh cac dang
xam thuc trong banh cong tadc va dua ra dac
tinh van hanh, danh gia sy anh huong va dé
xuét giai phap van hanh hiéu qua va gia ting
tudi tho chi tiét. Phuong phap nghién ciru co
thé dya trén mo phong sd va thuc nghiém dé
dy doan xam thuc. Mic du d3 c6 nhiéu cong
trinh nghién ctru song cac nghién cru vé xam
thuc trong may bom van tiép tuc duoc quan
tam do tinh da dang ctia cdc may bom canh dan
va két ciu. Mot sb cac cong trinh nghién ctu
tiéu biéu co thé tham khao nhu: Nghién ctu
vé anh hudng cia goc canh cong tac trén hién
tuong xam thyc trong bom hudéng truc nam
2012 [1]. V& nghién ctru va dy bao xam thuc
nam 2005 [2] d3 cong bd cong trinh nghién ctu
va du bao xam thyc trong mdy bom. Theo tac
gia, xam thyc ngay cang trd thanh yéu t6 tro
ngai chinh trong thiét ké nang cao hiéu suit
may bom. Cac quy tic thiét ké c6 dién duoc
ap dung trong nhiéu thap ky khong con hiéu
qua nita va hinh thanh nhu ciu manh mé dy
doan hanh vi xam thyc ciia may bom sur dung
cong cu md phong sb chinh xac cao. Nhom
tac gia Masashi Fukaya, Tomoyoshi Okamura,
Yoshiaki Tamura va Yoichiro Matsumoto nam
2003 [3] da dua ra phuong phap dy dodn xam
thuc va hiéu suét ciia bom hudng truc bfmg cach
sir dung phuong phap sé mé phong dong xam
thuyc vé1 mo hinh dong bot khi. Ngoai ra, con
c6 cac nghién ciru vé xody bé mit va ap suét &
miéng hut bom hudng truc ding nam 2012 [4],
nghién ctru vé anh hudng cua xam thuc dén cot

ap bom trong may bom hudng tryc, nam 2015
[5]. Theo cac nghién curu, kich thudc cia may
bom hudng truc dugc st dung trong cac tram
bom thoat nude giam va toe dd quay cua chung
da tang 1én, tuy co thé dat duoc muc tiéu giam
kich thudc va giam dugc chi phi ché tao thiét
bi va cong trinh tram nhung s€ lam tdng nguy
co gy ra xam thuc. Nghién ctru nay tién hanh
thi nghiém trén mo hinh bom hudng truc c¢6 s6
vong quay déc trung cao (n, = 1200), khao sat
viing xam thyc dé phén tich, danh gia tic dong
cua trang thai xam thyc dudi anh hudng cua viée
diéu chinh goc xoay canh va kha ning van hanh
cua may bom hudng truc hi¢u qua.

2. PHUONG PHAP NGHIEN CU'U THUC
NGHIEM

Phan nghién ctru thyc nghiém may bom
mod hinh dugc thuc hién trén gia thi nghiém
bom ctia Vién Bom va Thiét bi thuy loi nhu so
d6 do ¢ Hinh 1. Quy trinh thir nghiém nhu sau:

- Khoi dong dong co dién kéo may bom
quay 6 tri s n khong ddi, nudc duge hat tir bé
hut vao bom va duoc day vao éng chay vao bé
xa. Bé xa va bé hut thong nhau bang duong dng
trén d6 co dat thiét bi do luu luong.

- Dung van dit trén dng day dé thay doi
luu lwong tir 0 dén Q__ .

- Po luu luong Q nho thiét bi do dat
trén ong noi hai b€, hodc dung dau do siéu am
do trén doan Ong day.

- Do ¢ft nudec H va vé duong H - Q:
Dung chan khong ké dit ngay & gan ctra vao
BXQT dé do d6 chan khong H ,, dung ap lyc
ké dé€ do cot nude ap luc H, & ngay sau cua ra
BXCT, tinh ra cdt nuéc H theo cong thuce sau:

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
376 TAP CHI CO KHI VIET NAM, S6 316, thang 6 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

H=H +H, +Z+(v>v>)2g (1)

Trong d6 Z- Khoang cach hai diém do
giita ap ké va chan khong ké (véi hé thong thi
ng}liém nay, Z=0), ViV, - Van toc nudce & hai
diém do twong tng 161 vao va ra bom ¢ vi tri 1
va 2.

MB&i lan thi nghiém phai gitr vong quay
n khong dbi, diéu chinh luu luong thong qua do
mo van trén dng day. Cot ap ¢ cac diém do chan
khong ké (1) va ap ké (2) twong tng trén so d6
Hinh 1 dé xay dung dic tinh H - Q véi n khong
dbi, dic tinh cong suat N — Q tai cac goc xoay
canh khac nhau trong dai tir -6° dén 6°.

Céc thong sd chinh can do dac trong
qua trinh thi nghi¢ém bao gom:

- Luu luong;

- Cot ap;

- S6 vong quay;

- Ap suat hut;

- Cong sudt trén truc bom;
- Hiéu suat may bom.

= Ve

Hinh 1. H¢ thong thi nghiém mdy bom hidng truc
n = 1200 v/ph
(Vién Bom va Thiét bi Thity lgi)

Theo do chinh xac cua cac thiét bi do,
gia tri do luong vé cot ap, luu luong, moé men

va cong suat ¢ sai sO trong gidi han 3%.

Trude khi do dac thuc nghiém, tién
hanh kiém tra cac diéu kién lam viéc cua hé
thdng thi nghiém va ctia may can kiém tra mirc
nuée trong hé théng, hoat dong ciia may bom
chan khong, h¢ théng van va hiéu chinh diém
‘O’ clia cac thiét bi do luong. Sau d6, khoi dong
may bom va diéu chinh qua van dé dat cac trang
thai khao nghiém, theo doi va ghi cac thong sd
ctia hé thong trén diéu khién.

Thi nghiém trén bom md hinh duogc
tién hanh tai 5 vi tri goc xoay canh: 0°, -3°, -6°,
+3% va +6°. Tai mdi vi tri goc xoay, tién hanh
thi nghiém do dac cac thong s6 ctia bom va sir
dung camera chup anh quan sét cac trang thai
cua dong chay xam thuc.

N
Xam thyrc dang (iii) ¢

Hinh 2. Quan sat cac dang xdm thuc trong ving
banh cong tac bom hwong truc
(Goc xoay canh 0 do)

Dé danh gia chat luong xam thuc cta

may bom néi chung, ngudi ta ding hé sé xam
thuc Thomat dinh nghia cho méay bom [6]:

A @
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Nhu vay, dé xac dinh hé sb xam thuc
cua bom ta phai xac dinh dugc cac gia tri ap
suét p,, van tde v, léy tai diém do trude 16i vao
banh cong tac, 4p suat hoi bio hoa p,, = f(T).

3. KET QUA VA THAO LUAN

3.1. Quan sat xam thue

Tai vi tri goc xoay canh 0 d9, hién tugng
xam thuc duoc quan sat va chup bang camera
duéi 4nh sang dén chdp tan sb cao nhu ¢ Hinh
2. Ung véi céc gi tri s6 xam thyc & trang thai
van hanh tuong Gng va ta quan sat duogc cac
dang xam thyc nhu sau:

a) Xam thuec tai goc xoay -3 do, 6=1,2

b) Xdam thuec tai goc xoay +3 do, 0=1,2
Hinh 3. Xdm thuc dang trong banh cong tdac bom
huong truc khi xoay canh

(i) Xam thyc do tach thanh & mép sic
doc bién cénh tai tiét dién bién: Do su chénh ap
2 mat canh va khe h¢ thuy luc dau canh, chét
long don tir mat ap sudt cao sang mat hut cua
canh va tao vung ap suét thap doc bién canh

do dong chay tach thanh. Hién tugng xam thuc
nay dugc quan sat thidy sém nhét khi gia tri
0=1,98 trong Hinh 2a.

(ii) Xam thuc xody dinh canh ngoai tiét
dién bién: Quan sat cho théy khi 6 = 1,6, xam
thuc bat dau xuét hién dudi dang xoady dinh
canh gay ra boi tuong tdc dong chdy tach thanh
tir miii dinh canh (tiét dién bién) két hop su
anh hudng cua dong chay tao boi sy chénh ap
suét giita hai mat canh. Xody nay tré thanh day
xody do chuyén dong quay cua banh cong tac
(Hinh 2b).

(111) Xam thuc mép vao canh va xody
dinh canh phét trién: Khi tiép tuc van hanh ¢
gia tri o thip hon, su suy giam ap suit trong
budng banh cong tac cung véi su ting toc dd
dong chdy lam gia tdng cuong dd xody va xam
thuc dang xody dinh canh nay cang phat trién.
Kich thuoc 161 bot khi va day xoay tang va lan
rong vé phia dudi canh.

Viée xoay cac goc canh dé diéu chinh
ché do lam viéc ciia cac bom hudng truc c&
16n 1a bién phap ki thuat kha phd bién. Tuy
nhién, xam thuc 1a nguy co tiém an khi van
hanh theo cac ché do xoay canh, dic biét voi
bom cd lon. Trong nghién ctu nay, goc xoay
canh diéu chinh trong dai -6 dén +6 d6 c6 anh
huong 16n vé chat lugng thuy luc, giy ra cac
hién tugng xam thuc phat trién hon dang ké so
vé6i vi tri thiét ké (goc xoay 1a 0 d9). Hinh a cho
thiy & goc xoay canh -3 do, xam thuc phat trién
manh trén phan mép vao canh banh cong tac
két hop su phat trién cta xody xam thuc dinh
canh. B& mit lung canh chiu anh huong 16n cia
xam thuc bé mat, xuat phat tir sy tach thanh &
mép vao canh, dong thoi dam may xam thuc
phat trién boi xody rdi da duge quan sat & cac
nghién ctru trude day [1,3] cho thiy nguy co in
mon xam thuc manh liét khi van hanh ¢ cac gia
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tri s6 xam thuc thép (0=1,2).

O chiéu nguoc lai, Hinh b hién thi anh
¢6 goc xoay canh +6 do cho thiy hién tuong
xam thyuc dang (ii1) cling xay ra kha manh liét,
tuy nhién, pham vi xam thyc dugc quan sat cho
thiy khong mé rong va phat trién manh bang
truong hop xoay canh & chiéu nguoc lai (-3
do).

Quan hé L/Lc va Hé 8 xim thyrc o (Goc 0
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Hinh 4. Viing xdm thuc khi Aa thay doi

3.2. Vung xam thye va kiém chirng G,

Pé xac dinh mutrc 6 anh hudng va phat
trién cua trang thai xam thyc, viung bot khi xam
thuc dugc do trén hinh anh quan st va udce tinh
thong qua chi s6 L/L, voi L la chidu dai 16n
nhit ciia ving xody bot khi doc theo bé mat
canh, L _1a chiéu dai profile ¢ bién canh banh
cong tac. Dudi day la cac dac tinh vung xam
thuc xay dung tur thuc nghiém (Hinh 4). Thuc
té co sy dao dong do xoay va tuong tac dong
chdy ¢ khe hé thuy luc gitra vé bom va bién
banh cong tac, do d6 viéc quan sat bang may
anh c6 nhitng han ché nhat dinh boi khong thé
quay video & toc do cao.

Néu so sanh ¢ cung gia tri o, c6 thé
nhan thz?'ly, vung xam thyc phat trién manh hon
khi goc xoay canh 1a gia tri 4m néu xét theo hé
s6 chidu dai khong thir nguyén L/L.. Ap dung
ly thuyét tinh toan cua A.A Lomakin [1] cho
may bom hudng truc, béng s6 liéu do dac thuc
nghiém, ta tién hanh tinh toan cic thong s hé
s cot 4p K, va s6 xam thyc t6i han o, [6]:

H

Ku = n?.nD? ®)
0,0555 T \?
o, =24 0,73517+02419K, (1) (4)

Diéu kién dé xuat hién xam thuc trong
bom la: ) < G

Qua do, ta xay dung dugc moi quan hé
gilra goc xoay canh Aa va gia tri sO xam thuc
to1 han 6, va co két qua ¢ Bang 1 va Hinh 5.

So sanh gitta két qua quan sat xam thyc
va sy xuat hién cua vung xam thyc & Hinh 4, két
qua tinh toan kiém chimg cho thiy gi tri tinh
toan o, 1a phu hop véi két qua thue nghiém.
Khi géc xoay canh bang 0 dg, xam thuc s€ xay
ra khi 6 <2,3. Tuong tu voi cac trang thai & cac
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goc xoay canh khéc, ta ude tinh duoc sé xam
thuc gioi han . Do thi trong Hinh 5 cho két qua
tha vi v€ gia tri 6, 1a ham s6 tuy€n tinh voi gia
tri goc xoay.

Bang 1. Gia tri K, va o,tai cdc goc xoay canh Ao,

khac nhau:
Aa H n
tw
@ | @ "™ wpny K %
0 2.38 | 0.352 | 980 | 0.072 2.3
-3 224 |1 0352 | 980 | 0.068 2.5
-6 2.08 | 0352 | 980 | 0.063 2.7
3 2.7 0.352 | 980 | 0.082 2.2
299 | 0352 | 980 | 0.090 1.9
own=f(Aa)
Gth 29
\ 2.‘_
Sl _Ot-0.065(A0) 42.3
21 2
+5 Aa (dd)
-8 -6 -4 -2 0 2 4 6 8

Hinh 5. Quan hé tuyén tinh giita o, va Ao
4. KET LUAN

Bai bao di trinh bay két qua nghién
ctru thuc nghiém vé xam thuc trong mau bom
huéng truc cot ap thap véi sd vong quay dic
trung cao. Cac trang thai xam thuc da dugc
khao sat, ddnh gia vé ving xam thyc va kiém
cht’rng gie:l tric,. Két qua nghién ctru nay dua ra
mot sO két luan nhu sau:

- Hién tuong xam thuc dugc quan sat co
3 dang, xuét phat tir xam thuc doc mép canh do
tuong tac gitta vung ap sudt cao va ap sudt thap
trén 2 bé mat canh tai khe ho thuy luc cua banh

cong tac; Xam thyc dudi dang xody xam thuc
0 dau mut dinh canh trén tiét dién bién va xam
thuc phat trién doc theo bé mat canh.

- Hi¢én tuong xam thuc khi goc xoay
canh theo gid tri am phat trién manh hon dang
ké so v6i khi xoay canh theo gia tri dwong.

- Viéc st dung cong thiic tinh s6 xam
thuc t6i han 6, trong van hanh may bom dugc
kiém chig, c6 thé ap dung voi truong hop
may bom huéng truc c¢6 s6 vong quay dic trung
cao (n, = 1200).
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