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1. DAT VAN BE

Dén Toa soan ngay 25/02/2024, chap nhan dang ngay 30/5/2024

Trong nghién cru nay, banh céng tac ctia may bom bun dworc thiét ké va khao sat truong
dong chay str dung dong lwc chat 16ng tinh toan (CFD). Bé dadm bao kha nang thoat khi van
chuyén bun v&i ndng dd hat rén cao (Ién dén 30%), bé rong la canh tai 16i vao va ra banh
cong tac dwoc lay bang nhau (b,=b,) va sb la canh dwoc lwa chon 1a nhd véi Z= 4. Tac gia
da str dung mé hinh van chuyén trng suét ct SST k-o dé md phdng dong chét 1dng chuyén
dong qua banh cong tac. Dwa vao két qua mé phdng trwdng van tbc va ap suét trong banh
cong tac, cac dwong dac tinh cia bom nhw dwong dac tinh cét ap va dwong dac tinh hiéu
suét cia bom véi cac tbc dd quay khac nhau dwoc khdo sat. Ngoai ra anh hwéng cda kich
thwdc va ndng dd hat ran dén hiéu suét va cot ap ctia bom ciing dwoc danh gia. Két qua chi
ra rang, khi tdng kich thwéc va néng d6 hat thi cot ap va hiéu suat cia may bom gidm
xubng.

Bom bun, banh cong tac, Ansys CFX, ndng dd hat

In this paper, the impeller of a slurry pump is designed, and the flow field is investigated
using computational fluid dynamics (CFD). To ensure particle transportation with a solid
particle concentration of up to 30%, the impeller is designed with equal blade widths at the
entrance and outlet of the impeller (b;=b,) and a small number of blades (Z = 4). The flow
through the impeller is simulated using the shear stress transport model SST k-w. Based on
the simulation results of the velocity and pressure fields in the impeller, performance curves
such as the head curve and efficiency curve with different rotation speeds are built. In
addition, the influence of size and particle concentration on the efficiency and head of the
pump was also investigated. The results show that as the size and concentration of particles
increase, the head and efficiency decrease.

Slurry pump, impeller, Ansys CFX, particle concentration.

long - ran trong may bom ly tim va béo céo

Hién nay, may bom bun ly tdim duoc &p dung
va nghién ctu rong réai. Peng va cong su [1]
da nghién ctu dong bun cia may bom bun.
Két qua cho thdy luu luong bom rat khéng on
dinh & téc do dong chay thap, luc can dong

chay tang va hoi luu ting khi ndng do hat ting.

Zhao va cong su [2] dd md phong dong chat

rang, véi su gia ting nong do hat, cac dic tinh
bén ngoai va dong ning rdi cia may bom sé&
ngay cang bi anh huong nhiéu hon. Wang va
cong su da tién hanh nghién ctu phan tich dic
tinh dong chay bén trong va mai mon cua cac
hat hon hgp trong bom ly tim dya trén
CFD-DEM [3]. Két qua cho thdy rang cac hat
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ran c6 kich thudc 16n c6 tac dong 16n hon dén
su suy giam hiéu suat cua bom ly tAm so véi
truong hop céac hat nho, dic biét 1a hiéu suit.
Sy thay doi ty 1é cua cac hat s& anh huong dén
quy dao cua cac hat nho. Abdolahneja va cong
su dd nghién cu téi wvu may bom bun ly tim

str dung canh chia phuy trong banh cong tac [4].

Khi str dung cénh chia phu cot ap va hiéu suat
ciia may bom khao sat déu tang 1én. Hiéu suét
cao nhat cé thé dat 67,2%.

Trong nghién ciu nay, tac gia da tién hanh
thiét ké banh cong tac may bom bun dé dam
bao kha niang thoat ctia hat ran va sir dung mo
phong CFD dé tinh toan va xay dung duong
dic tinh cia may bom bun. Anh huéng cua
duong kinh hat va ndng do hat dén hiéu suat
va cot &p cua banh cong tac thiét ké ciing
dugc khao sat.

2. MO HINH TOAN DONG CHAY TRONG
BANH CONG TAC BOM LY TAM

Phuong trinh Navier-Stokes cho chat long
khong nén duoc 13 gan ding véi dong chay
hon loan 3D phuc tap trong may bom ly tam.
Phuong phap moé phong sd trung binh
Reynolds (RANS) da duoc &p dung trong
nghién ctru ndy. Dang chinh cta phuong trinh
Navier-Stokes nhu sau:

aIDm +a(pmui)zo
ot OX (1)

a('Dmui)_|_a(pmuiui)
OX: oX.
' J (2)
op 0| ou | 07
OX;  OX; X oX
Trong 46, uva p laap suét va van tdc trung
binh theo thoi gian, p, la khéi luong riéng
cia hon hop, u l1a d6 nhét dong ning,

7, =—pu'u’ latng suat Reynolds.

Pm = zakpk (3)
k=1

Trong nghién ctiu ndy, méi trudng van chuyén
la dong chay hai pha, do d6 s6 pha: n = 2. M6
hinh réi van chuyén tng suat cat shear stress
transport SST k-o caa Menter [5] xem xét dén
su truyén ung suat cit rdi dé co thé thu dugc
két qua chinh xac hon & viing gan tudng va c6
du doan tot hon vé sy tach dong. Vi vay, md
hinh réi SST k- dé mé ta chuyén dong cua
dong bun trong banh cong tdic may bom bun
da duoc lua chon trong nghién ctru nay. Mé
hinh trén két hop wu diém cua viéc xu ly gan
thanh tuong cta moé hinh k- va kha nang tinh
todn vung bén ngoai cuaa mod hinh k-g. Nguyén
nhan 1 vi c6 mot phuong trinh lai c6 thé kich
hoat md hinh k- ® & viing gan tuong va khai
tao mo hinh k-g ¢ vung bén ngoai tuong tng.
So v&i mo hinh k-w tiéu chuan, mé hinh SST
k-o bd sung thém sé hang khuéch tan chéo D
dugc nhing vao phuong trinh ©; Nhitng cai
tién nay lam cho md hinh SST k- c6 do
chinh xac va do tin cdy cao hon dé tinh toan
dong chay thuc. Qua d6, mé hinh SST k-
phu hop dé du doan téc d6 quay cao va dong
chay riéng biét manh, dac biét trong bom ly
tdm. Cac phuong trinh chi dao nhu sau:

%(pk) + ai (puj)=

i

(4)
2 [rkak ]+Gk—}§__+5k
ox ox .

7 J

2 (p)+—(puo) -

of :
, ®)
i{l—ﬂ) %] +G{:} - K.‘} +S(:}
6xj é’xj
k
/ut =p— (6)
(4]

Trong d6 G, la s6 hang ngudn cua dong ning
réi k, G, 1a s6 hang ngudn cua tan s tiéu tan
®, r,va r, lan luot 12 he s khuéch tan higu
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dung cho dong ning rdi k va tan sé tiéu tan .
Y, va Y, lasykhuéch tan ciia dong ning réi
k va tan sd tiéu tan o gay ra boi réi, D, lasé
hang khuéch tan chéo, S, va S, la sé hang
ngudn do ngudi dung xéac dinh.

Trong md ta Eulerian-Eulerian vé dong chat
long, pha phan tan (Dipersed) cua hat dugc
coi nhu nhu mot pha chit léng (Continous)
vé6i gia dinh rang pha hat thAm nhép va tuong
tac voi pha long [6]. Pha ran duoc coi 1a cac
hat hinh cidu dong nhat va tinh chét vat ly
dugc coi 1a khdng thé thay doi. Pha long la
nude & diéu kién tiéu chuan.

3. MO PHONG SO DONG CHAT LONG
CHUYEN PONG QUA BANH CONG TAC

3.1. Tinh toan thiét ké banh céng tadc may
bom ly tam bom bun

Dau tién, thuc hién viéc thiét ké banh cong tac
may bom bun véi cac thong sb: cot &p H = 20
m, Q = 120 m*h, n = 1450 vong/phit. Dua
trén cac thong s6 dau vao nay sé& xac dinh sé
vong quay dac trung cila may bom theo cong
thuc [7]:

N, =3,65.N @4
H

v/120/3600

=3,65.1450 = 220 102,17
20 (vong/pht)

Trong d6 N 1a s6 vong quay dic trung,
N Ia s6 vong quay cua banh cong tac, Q Ia
lru lugng mdy bom tinh bang m%/s va H la cot
ap cua may bom tinh bang m.

Canh bom dugc thiét ké dua trén phuong
phap Gulich [7] cho thiét ké canh bom ly tim
va két qua céac thong sb hinh hoc tinh toan
dugc liét ké dudi day trong Bang 1. Doi Voi
banh céng tac cia bom bun, dé dam bao kha
ning thoat ctia hon hop khi di qua mang dan
cuia banh cong tac, bé rong 16i vao va bé rong

canh 16i ra dwgc liy bang nhau (b =b,).
Ngoai ra, sb 14 canh Z ciing duoc chon it
hon so v&i may bom nudc, trong nghién cuu
nay sb 14 canh duoc chon bang 4 canh. Duya
trén tai liéu dugc dua ra trong tai liéu tinh
toan cua Gulich [7], goc thoat cua canh va sé
luong canh duoc xem xét dé thiét ké béanh
cong tac. Cac kich thudc chinh cia bom duoc
théng ké & bang 1.

Bang 1. Cac thong sé hinh hoc cta banh cong tac

Tén thong so Triso | Ponvi
Puong kinh truc 70 mm
Puong kinh moayo 100 mm
buong kinh mép vao 170 mm
DPuong kinh 16i vao 170 mm
Bé rong 16i vao 26 mm
Géc dat canh tai 16i vao 20 Do
Bé rong 16i ra 26 mm
Géc dat canh tai 16i ra 17,5 Do
S6 canh 4 canh

Tur két qua thiét ké, mé hinh hoc hoc ba chiéu
ctia banh cong tac duoc dung bing nhu dudi
day (hinh 1).

-

Hinh 1. Hinh hoc banh cong tac may bom bun

Sau khi da xay dung dugc hinh hoc cua banh
cong tac may bom, tac gia s€ su dung dong
luc hoc chét long tinh toan CFD dé mo phong
dong chay qua banh cong tac cua may bom.
Tur d6 xay dung cac duong dac tinh cot ap va
hiéu suat cia may bom bun thiét ké.
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3.2. Chia Iwéi va diéu kién bién

0 0.100

0.200 (m)
1

T
0.050 0.150
Hinh 2. Chia lwéi cho mién tinh toan

Phan mém Turbogrid cua Ansys workbench
da dugc st dung trong nghién ctu nay dé tao
lugi cho mién tinh toan. O day ludi két cau da
duoc lya chon dé ting hiéu qua va giam thoi
gian tinh toan véi s6 phan tir 1a 71244, s nat
la 82446. Bé dam bao dong chay 16p bién thi
ludi gan khu vyc thanh tudng ciing nhu dau
canh duoc tinh chinh min hon, bé day dugc
lity tién tir gan thanh ra ngoai. Hé s do léch
(skewness) duoc lra chon 12 0,45 va hé sé do
min (smoothness) dugc luya chon 1a 1,0 [8, 9]
dé d¢am bao chat luong cua ludi khi tinh toan.
Két qua chia ludi duoc thé hién nhu trong
hinh 2.

0 0.100 (m)
LB

0.050

Hinh 3. Diéu kién bién cha banh cong tac

Trén co s& khao sat diéu kién thuc té, diéu
kién bién luu luong duoc &p dung ¢ dau vao
cua banh cong tic Q =120 mh. Tai 16i ra
ciia banh cong tac diéu kién bién &p suat
dugc st dung (cot 4p 20 mét cot nudc
hay p =196127,66 Pa (hinh 3). Banh cdng tac
quay Vvoi van toéc 1450 vong/phat. Hon hop
chat long van chuyén 1a bun véi nong do hat
ran chiém 20%, cac hat rin c6 hinh dang dong
nhét véi kich thude 0,05 mm. Dé giai phuong
trinh chuyén dong cua dong chay rdi trong
banh céng tac chung t6i st dung thuat toan
SIMPLE, d6 chinh xac hoi tu 12 10°. M6 hinh
dong chay rdi 1a mé hinh van chuyén tng suat
cat SST k-m. Budc thoi gian duoc lya chon 1a
0,01 giay va sb budc lip 1a 1000 budc.

3.3. Tinh toan cét &4p va hiéu suat

Thong s6 cot 4p H cia may bom bun dugc

tinh theo cong thuc sau:

H = Pout — Pin 7)
L9

Trong d6, p,, (Pa) la tong &p suat cua dau

ra, p,, (Pa) la tong 4p suat ciia dau vao banh

cong tac, p (kg/m®) la khédi luong riéng cua
chit long va g (m/s®) la gia téc trong

truong.

Hiéu suat chung cia may bom n dugc tinh
nhu sau:

-1
n= i+A—P"+0.03 ®)
nvnh Pe

Trong d6 P la cong suat thay luc (Pa),
P.=pgQH, AP, la ton thit do ma sat dia
(Pa), phuong phap tinh toan dugc mo ta trong
nghién cuu cia Gulich [7] 7, 1a hiéu suét
thity luc va 7, 1a hiéu suat thé tich. Két qua
tinh to4n mé phong cot ap va hiéu suit cua
bom bun dugc trinh bay trong muc 4.2.
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4. KET QUA VA THAO LUAN

4.1. Treéng van ap suat va van téc trong
banh cbéng tac

1.16e+005
9.54e+004
7.47e+004
5.40e+004
3.33e+004

1.25e+004
[Pa]

Hinh 4. Contour cta ap suat trong may bom bun

Hinh 4 cho thdy, 4p suat trong banh cong tac
tir 161 vao dén 15i ra s& tang dan tir 1,25x10"
Pa dén 1,99x10* Pa. Nguyén nhan cua hién
tuong nay la do khi lam viéc, & cua vao cua
may bom s& c6 &p suat nho, trong khi ap suit
cua bé chua Ion hon, dan dén chét long lién
tuc dugc day vao bom tao nén qua trinh hit.
Trong khi, & qua trinh day cua bom, dudi tac
dung cua luc ly tdm, dong chét long & trong
banh cong tac s& co xu hudng bi day tir trong
ra ngoai, chuyén dong theo cac mang dan va
di vao 6ng diy voi &p suat cao hon tao nén
viing &p cao & phan ngoai cua banh cong tac.

6.87e+000
5.49e+000
4.12e+000
2.75e+000
1.37e+000

0.00e+000
[m s*-1]

Hinh 5. Contour van téc ca nwéc
trong may bom bun
Hinh 5 thé hién két qua truong van téc cua
nuéc. Tir d6 nhan thy van téc cua nudc trong
may bom phan bé ting dan tir trong ra ngoai
va dat gia tri 16n nhat bang 12,4 m/s. Ngoai ra,
& mat trudc canh dan, van téc c6 xu hudng
tang dan tir truyc bom dén diém xa nhat cua

canh dan. Trong khi, & mat sau thi van téc it
6 su thay d6i. Nguyén nhan caa hién tuong
nay la do dong chay trong banh cong tac la
dong lién tuc, trong khi ¢ day cO su chénh
léch &p suét gitra mat truéc va mat sau cua
canh dan, clng voi do6 1a sy thay ddi van téc,
do d6 tao ra dong xody cuc bo trong mang dan
banh cong tac, dan dén van téc & mat sau canh
dan it c6 su thay doi.

6.44e+000
5.15e+000
3.86e+000
2.58e+000
1.29e+000

0.00e+000
[m s”-1]

Hinh 6. Contour van téc cua cat trong may bom bun

Van téc cua cat phan b tang dan tir trong ra
ngoai, gia tri van toc 1on nhat cua cat dat 11,6
m/s (hinh 6). Ly do cua hién tuong nay la do
cat 1a cac hat roi rac va co kich thudc nhat
dinh, ngoai ra cat con c6 khéi luong riéng la
1600 kg/m® cao hon 1,6 14n so véi nudc (khdi
luong riéng cua nude dat xap xi 1000 kg/m°)
chinh vi thé cét c6 van téc nho hon so véi van
téc clia nudce.

4.2. Pwong dac tinh cua may bom

Hinh 7 thé hién méi quan hé cua cot 4p H va
hiéu suat 7 theo luu lugng ciia may bom bun
theo sé vong quay khac nhau. Két qua cho
thiy c6 su gia ting téng cot ap va hiéu suat
khi s6 tang téc d6 quay ciia may bom.

Pé so sanh anh huong cua cac diéu kién khac
nhau nhu kich thudc hat ran, ndng do hat ran
dén dic tinh 1am viéc cia may bom bun, hé sb
anh huong cot 4p ¢, va hé sé anh huong hiéu

suét ¢, dugc xac dinh nhu sau:

_H_Hp

¢ = H C))
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(10)

Trong d6 H 1a cot 4p bom ly tdm truyén
nuéc sach, H la cot ap bom ly tdm van
chuyén bun, # 14 hiéu suat van chuyén nudc
sach ciia bom, 7, 1a hiéu suat van chuyen bun

cua bom ly tam.

40 ; 90
35 & TTTTTtesaemiTioee - 85
05— FT L S g
EBF e TN~ N e
22% A7 T~ T - 70 2
- i 4 . >
=3 15 T =~ > . - 65 Q-
(W) E I . —
0F 0 T TTme-ll . - 60 T
5 F TR - 55
3 .
0+——r——+——F——F+———— 50
50 100 150 200
Luu lwgng, mé/h
- = = 1160 vong/phut — - =1450 vong/phat
— - - 1600 vong/phit  ----- 1750 vong/phut

Hinh 7. Théng sé cét &p cta may bom bun

Sy thay d6i hé sd anh huong cua cot 4p va
hiéu suét theo kich thudc hat di dwoc phan
tich dé nghién cau anh huéng cua kich thuéc
hat dén hiéu suat caa bom ly tim. Pha ran véi
duong kinh hat khac nhau bao gém 0,05; 0,1;
0,15; 0,2 va 0,3 mm dugc md phong & nong
d6 thé tich hat 20%. Hinh 8 biéu dién su thay
d6i hé sb anh huong cot ap va hiéu suat theo
kich thuéc hat. Viéc tang kich thudc hat lam
cho hé sb anh hudng cot &p va hiéu suét ting
1én, nghia 1a kich thudc hat ting dan dén cot
4p va hiéu suat giam va anh huong cua kich
thudc hat dén hiéu suat 16n hon so vai cot ap.

03 ;
w0028 T
5 ]
S 026
< E
€024
Q ] o ¢
2022 1
T ] —A— (P
02
0 0.1 0.2 0.3 0.4

Hinh 8. Anh hwéng cia kich thwéc hat

Sy thay doi hé s6 anh huéng cua cot ap va

hiéu suat ¢ cac ndng d6 hat khac nhau ciing
dugc phan tich dé nghién ctu anh huéng cua
nong d6 thé tich hat dén hiéu suit cua bom ly
tdm. Céc ty Ié cua pha rin & cac ndng do thé
tich hat khéc nhau, cu thé la 0%, 10%, 15%,
20%, 25% va 30%, dugc md phong ¢ kich
thudc hat 0,1 mm. Hinh 9 cho thdy su thay
dbi hé s anh huong cua cot nudc va hiu suat
theo néng do hat. Sy gia tang ndng do hat s&
lam tang hé sé anh huong cua cot &p va hiéu
Suit, nghia 13, su gia ting néng do hat s& lam
ting gia tri giam cua cot &p va hiéu suét. Khi
nong do thé tich cua cac hat nho hon 15%, su
thay d6i nong do hat it anh huong dén hiéu
suat hon so voi cot &p, trong khi khi nong do
thé tich 16n hon 15% thi anh hudng ciia nong
d6 hat dén hiéu suat bom nhiéu hon.

0.35 -
w 03 +
f=
5
2ot
=
S 021
\:8- . E o (|)1
T 015 + - O,
0.1 ] —t T
5 15 25 35
Nong dd hat (%)
Hinh 9. Anh hwéng ctia ndng do hat
5. KET LUAN

Trong nghién ctu nay, banh cong tac cua may
bom bun duoc thiét ké va truong dong chay
dugc khao séat bang dong luc hoc chat long
tinh toan CFD. Anh huéng cua kich thudc hat
va ndng do thé tich hat rin ddi véi cot &p va
hiéu suat cia may bom bun ciing dugc khao
sat. Qua do co thé rat ra duge mot sé két luan
sau:

= Khi ting kich thudc hat, hé sé anh huéng
cua cot 4p va hiéu suat ciing ting, va su thay
d6i kich thudc hat c6 anh huong dén hiéu suat
nhiéu hon so véi cot &p.

= Khi ting ndng d6 hat s& lam ting hé s anh
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hudng cua cot 4p va hiéu suat. Voi nong @6 = O clng mot nong do hat, kich thuéc hat
thé tich cua cac hat nho hon 15%, su thay d6i  cang nho thi s6 lwong hat cang 16n va va cham
nong d6 hat it anh huong dén hiéu suat hon so  giita cac hat s& cang dit doi. Tong cot &p trong
V6i su thay ddi ¢ cot &p; khi nong do thé tich  bom giam khi tang kich thudc hat, nhung n6
I6n hon 15% thi nguoc lai. tang khi ting nong do hat.
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