BAI BAO KHOA HOQC

PANH GIA ANH HUONG CUA PQ NHAM BE MAT DEN CQT AP
VA HIEU SUAT MAY BOM LY TAM SU DUNG PQNG LUY'C HQC
CHAT LONG TiNH TOAN (CFD)

Nguyén Ngoc Minh'

Tém tit: Nghién ciru nay danh gid dnh hwéng ciia dé nham bé mdt dén cot dp va hiéu sudt ciia bom ly tam
bang mo phong CFD. H¢ phuong trinh RANS két hop mé hinh roi k¢ dwoc sir dung dé phan tich truong dp
sudt, van toc, cét dp va hiéu sudt tai do nham 0 - 80 pm. Két qua cho thay do nhdm chi anh hu“ong nhe dén
cot ap nhuwng lam gidam ré rét hiéu sudt do tang ton that ma sdt va lam kém dong déu truong dp sudt, dac biét
& heu heong 16n. Piéu nay chitg t6 kiém sodt dé nham bé mdt la yéu t6 quan trong trong thiét ké va toi wu

hoa bom Iy tam.

Tir khéa: May bom ly tim, d6 nham bé mit, CFD, md hinh k—¢, hi¢u suat.

1. GIOI THIEU CHUNG

Hiéu suit va cot ap clia may bom ly tim chiu
anh huong cua nhidu yéu t6 nhu sd canh, dang
canh, kiéu budng xodn... Cac nghién ciru trudc
day vé may bom ly tim chil yéu tap trung vio hinh
dang canh bom, anh huéng cua khe ho, déac tinh
dong chay rdi va kha ning lam viéc & cac ché do
ngoai diém thiét ké (Lim & Sohn, 2018). Tuy
nhién, d6 nham bé mit lai c6 thé anh huong dang
ké dén su phat trién cua 16p bién, ton that ma sat,
phéan bo ap suat va hiéu suat lam viéc cua bom.
Mot s6 nghlen ctru thuc nghlem gan day cho thay
d6 nham bé mat lam thay d6i dic tinh rdi gan
twong va hanh vi cta 16p bién, din dén suy giam
higu suit, giam cot 4p va gia ting kha ning xuét
hién xam thuc (Xu et al., 2021). Lim va Sohn
(2018) chi ra rang sy gia ting do nham trong cac
mang din gita cac 14 canh cua banh cong tac va
trong budng xoan lam ting lyc cin ma sat va giam
lwu lwong van hanh, dic biét trong diéu kién tai
cao (Lim & Sohn, 2018). Nhiing nghién ctru khac
cling cho thiy hiéu suit bom suy gidm rd rét khi
d6 nham vuot qua mot gia tri gioi han nhét dinh,
déng thoi l[am dich chuyén vi tri diém hiéu suat toi
uu (Muhi¢ & Mitrusevski, 2017). Ngoai ra, do
nham bé mit con anh huéng dén dong ro ri qua
cac khe hé huéng kinh va hudng truc, dong thoi
lam tang ton that ap sudt tai cira vao, din dén gia
tri cdt ap hat yéu cau cao hon va hién tugng xam
thuc xudt hién sém hon (He et al., 2019).

V6i su phét trién ctua phuong phap dong luc hoc
chit 1ong tinh toan (CFD), viéc phén tich chi tiét cac
ton that thiy Iyc do d6 nham giy ra va dic diém

"Khoa Co khi, Trwong Pai hoc Thiy loi

100

dong chay gan tuong da tré nén kha thi. Tuy nhién,
cac nghién ciru CFD mang tinh hé théng nhim dinh
luong anh hudng ctia cac mirc d6 nham khac nhau
dén cot ap, hiéu suit va dic tinh xdm thyuc coa may
bom ly tim van con han ché. Do d6, nghién ciru nay
nhim muc tiéu khao sat bang phuong phap s anh
hudng ciia d6 nham bé mat dén cac dic tinh thay hre
cia may bom ly tdm, qua d6 cung cip co so khoa
hoc cho thiét ké bom, hoan thién bé mit va xay dung
chién lugc béo tri hidu qua.

2. COSOLY THUYET

2.1. Céc phwong trinh chu dao

Trong nghién ctu nay, truong dong chay khong
nén dugc trong bom ly tim duoc md ta bing hé
phuong trinh Reynolds-averaged Navier—Stokes
(RANS). Cac phuong trinh lién tuc va dong lugng
ctia dong chat 1ong chuyén dong trong may bom 1a
(ANSYS Inc., 2013):

aﬁ’ 0 1
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trong do, x, va X, lan luot 1a cac toa do khong
gian theo cac phuong toa d9, u; va u; la cac thanh
phan van tdc trung binh thep cac phuong tuong imng,
¢t 1a thoi gian, p la 4p suat trung binh, p 1a khoi
lugng riéng cua chat long, va u 1a d¢ nhét dong luc
hoc. Dai lugng 4, biéu thi ¢ nhét réi, dwoc xac
dinh theo gia thiét Boussinesq.
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Dong ning rdi k va tiéu tan rdi € clia rno hinh k—e¢ tiéu chuan dugc viét nhu sau:
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v6i toe do sinh nang lugng rbi P duogc xac dinh bai:
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Céc hé s6 o, va o, 1an luot 1a cac hé sb khuéch 1 = Pow = P 7
tan rdi cia k va ¢ trong khi C,,C,.,C,_,C,, 1a cac PE

w
hing s6 thuc nghiém cla mo h1nh r6i. Trong md
hinh & - ¢ tiéu chuin, cac hing sé nay thuong dugc
su dung voi cac gia tri
C,=0,09C, =144; C,, =1,92; C,, =0,09;

lu
o,=10; o, =13.

H¢ phuong trinh RANS két hgp v6i mo hinh k -
& day du nhu trén cung cdp nén tang mo phong 6n
dinh va dang tin cdy cho viéc du doan truong van
tc, truong ap suat va cau triic rdi trong banh cong
tac va hé thong dan dong ciia bom ly tim.

2.2. Cot ap va cong suét ciia may bom ly tim

Cot ap (H) cia may bom dugc xac dinh dya
vao thong sb ap suat cia cira ra budng xodn DPou
va ap sudt tai 16i vao ctia banh cong tac p., theo

cong thuc:

¢ =3,65n——- \/@ =3,65.1600———— /0, 033 =112,2 (vong/pht)

3/4
H

voi g la gia tc trong truong (m/s%) va p 1a khoi
lugng riéng'cﬁq chat 1ong (kg/m’).
Hi€u suat tong cua may bom n dugc tinh todn
dua trén cong thire (Stepanoft, 1957):
_ pgoH
P

tr

(8)

> 1a cong suét trén truc may bom.

3. MO PHONG SO DONG CHAY QUA
BOM LY TAM

3.1. Dung hinh hgc may bom khéo sat

Anh hudng cia do nham dén cot ap va hiéu suit
duoc nghién ciru trén mdt may bom ly tam co6 thong
s6: ¢ot ap H =20 m, luu lugng Q = 120 m’/h (0,033
m’/s), s vong quay ciia banh cong tac n = 1600
vong/pht.

S6 vong quay dic trung ciia may bom dugc xac
dinh theo cong thic dudi day (Stepanoft, 1957):

trong d6 P,

)

Bang 1 thé hién cac thong sd co ban ctia miy bom sau khi tinh toan theo tai liéu thiét ké ciia Stepanoff

(Stepanoft, 1957).

Bang 1. Céc thong s6 co ban ciia banh cong tac

Théng sb Ky hi¢u Gia tri Pon vi
Cot ap H 20 m
Luu luong Q 120 (33,33) m’/h (kg/s)
S6 vong quay n 1600 Vong/phut
Puong kinh tai 18i ra canh D2 260 mm
Puong kinh tai 18i vao canh D ) 130 mm

S6 canh din VA 6 R

Goc dat canh tai 10i ra banh cong tac ﬂl 25 bo
Goc dat canh tai 16i vao banh cong tac B, 21 Do

Bé rong canh tai 16i ra b2 19 mm
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Nghién ctru nay khéo sat banh cong tac vdi cac
d6 nham bé mat khac nhau 1a 0, 15, 25, 40, 60, 80
um . Truong dong chdy va hi¢u suit ciia may bom
ly tdm dugc mo phong cho luu lugng cac luu lugng
20, 33,33, 40, 55, 70 va 85 kg/s.

3.2. Chia lwéi va diéu ki¢n bién

Outlet

Diéu kién bién:
Inlet: 120 m3/h
Outlet: 0 Pa

n =1600 rpm

Théong s6 luéi:
Nodes: 211961
Elements: 326055
Tetrahedra: 110046
Wedges: 90195
Hexahedra: 125814
Skewness: 0.26

Inlet -

Hinh 1. Chia luéi va diéu kién bién

Mo phéng dugc thuc hién véi ludi tinh toan dang
khong cdu tric. Dé dam bao dong chay 16p bién
trong mo phong, phan ludi gan thanh dugc chia nho
hon phat trién din vé tAm. Mién tinh toan duoc chia
v6i s6 nit 12 211961 va sb phan tir 326055. O cac
khu vyc chuyén tiép gitra cic miat ludi duge chia
min hon dé dam bao diéu kién dong chay 16p bién.
Pé dam bao chit lugng cua ludi khi tinh toan, hé sb
d6 léch (skewness) dugc lya chon la 0,26 va hé sb
d6 min (smoothness) duoc lya chon 1a 1,0 (ANSYS

Inc., 2015).Trong nghién ciru ndy, moé hinh réi k—
dugc s dung dé mé phong dong chay trong banh
céng tac. Piéu kién bién luu luong tai cira vao dugc
thiét 1ap & mic 120 m*h (33 33 kg/s), trong khi cira
ra st dung dleu kién 4p suit khi quyén. Banh cong
tac quay véi téc do 1600 vong/phut, chét 1ong lam
viéc la nude (p = 1000 kg/m? tai 25°C). Phuong
trinh dong chay réi dugc giai bang thuat toan
SIMPLE véi tiéu chuéan hoi tu 105,

4. KET QUA VA THAO LUAN

4.1. Truwong van toc va ap suit trong bom

4.1.1. Trwong dp suit

Phan bd trudng ap suét trong may bom ly tim
ung voi cac muc do nham bé mit khac nhau dugc
trinh bay trong Hinh 2. O tét ca cac truong hop khao
sat, 4p suat chat long ting dan theo ban kinh banh
cong tac, tir mat bom dén budng xodn va cira ra, phi
hop véi nguyén ly truyen nang 1u’0’ng cua bom ly
tam. Cac vung ap sut thip chii yéu xuat hién tai khu
Vvic cira vao va gan tdm banh cong tac, trong khi dp
sudt cao tip trung & ving vanh ngoai banh cong tac
va doc theo thanh v6 bom.

Dbi v6i cac truong hop bé mit nhin thuy luc va
nham nho (0 - 15 um), trudng 4p suét co tinh lién
tuc va tuong ddi dong déu theo chu vi trong cic
kénh din giira cac canh. Do ddc ap suét theo phuong
ban kinh dwoc xac 1ap rd rang, cho thiy dong chay
bam thanh tot va ton thit ma sat thanh con & mirc
thip. So v6i truong hop nhén thiry luc, ap suit 16n
nhét ting nhe khi d6 nham gia ting, phan anh sy gia
tang vira phai clia ton thit nhot.

P6é nham =0

P06 nham =15 um

B6 nhadm =25 pm

D6 nham =40 um

D6 nham = 60 um

P06 nham = 80 um

Hinh 2. Truong ap sudt trong mdy bom
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Kh1 d6 nham trung binh (25 - 40 um) ap sudt cuc
dai tlep tuc tang va cac vung ap suit cao c6 xu
hudéng mo rong doc theo mat ap lyc cia canh bom
va thanh budng xoan. P nham ting lam ting tng
suét cat tai thanh, dan dén do ddc ap suét 16n hon
trong kénh canh. Tuy nhién, phan bd 4p suit tong
thé van twong ddi dong déu, cho thiy ché d6 dong
chay nhin chung van 6n dinh va chua xuét hién rd
rét cac hién tuong bat 6n dong chay.

O cac mirc d6 nham 16n (60 - 80 pm), trudng ap
sut tr& nén kém dong déu hon theo chu vi. Mic du
4p suit cuc dai khong ting dang ké so véi céc
truong hop nham trung binh, cac ving ap suit cao
trd nén phan tan va giam tinh tap trung. Hién tugong
nay cho thiy ton thit ma sat thanh chi phi manh
hon d6ng luc hoc dong chay, dong thoi c6 thé giy ra
tach 16p dong chay cuc bo trong cac kénh dan. Su
suy giam tinh dong déu cua trudng ap suit co thé
dan dén dao dong ap suit, 1am giam hiéu suit thay
luc va anh hudng dén d¢ on dinh lam viéc ctia bom.

Nhin chung, két qua cho thdy do nham bé mat 1a
mot thong s6 quan trong anh huéng dén dic trung
thuy lyc ciia may bom ly tdm. Cac mirc d§ nham
nhé va trung binh (khoang 15 - 40 um) cho truong
4p sudt phan bd hop 1y va 6n dinh, trong khi d6
nham 16n (>60 pm) lam gia ting ton that thiy luc,

D6 nham =40 pm

Bo6 nham =60 um

suy giam chit lugng truong ap suit va tir do lam
giam cot ap hitu ich cling nhu hiéu suat lam viéc
cua bom.

4.1.2. Trwong vén téc

Hinh 3 thé hién truong van téc cua dong chit
long trong bom twong tng véi cac mirc d6 nham bé
mit tir 0 pm dén 80 pm. Co6 thé thdy rang khi do
nham tang, phan bd van toc trong bom bi dnh hudng
16 rét. O truong hop nham 0 pm (ly tuong) dong
chay phat trlen tuong (101 muot, van tdc cao tap
trung chi yéu ¢ ving gan canh dan Va cira ra, trong
khi cac viing van toc thip xuit hién rat han ché. Khi
d6 nham tang 1&n 15 - 25 pm, van tdc tai cac vung
sat tuong bit ddu giam do ma sat 16n hon, din dén
sy mod rong clia cac vung co van tdc thép. Tuy nhién,
ciu trac dong xoay chinh van dugc duy tri kha rd
rang. Ttr d6 nham 40 pm tr di, s suy giam van tdc
tré nén dang ké. Cac ving van tdc thap lan rong ra
ca trong long dong chay, cho thdy ton that thuy luc
ting manh. Dic biét & do nham 60 - 80 um, van tdc
cuc dai gidm ro rét, cac vung mau vang - dé bi thu
hep, trong khi viing xanh duong va xanh 14 xuét hién
nhiéu hon. Dong chay tré nén kém déu va cic viing
x04y cuc bd xuét hién nhiéu hon gﬁn thanh va phia
sau canh, thé hién tac dong manh cua do nham lén
qué trinh truyén dong dong.

D6 nham = 80 um

Hinh 3. Truong vin téc trong mdy bom

Nhin chung, d nhdm cang 16n thi ma sat thanh
cang ting, lam giam vén tc trong bom va lam suy
giam chat luong dong chay. Diéu nay phu hop véi ly
thuyét v& dong nhét trong méi truong ¢ tinh nham
cao, dong thoi cho thiy anh hudng dang ké cua do
nham bé mat dén hiéu suit thuy lyc ciia bom.
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4.2. Anh huéng cia d nham dén cot ap va
hi¢u suit ciia may bom

Hinh 4 thé hién sy bién thién cua cot ap (H) va
hiéu suét thay luc () theo luu luong khéi ddi véi
cac mirc dO nham bé mat khac nhau. Ddi véi tit ca
cac truong hop khao sat, cot ap giam dan khi luu
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lwong ting, trong khi higu suit ting dén gia tri cuc
dai tai vung luu luong trung binh va sau doé giam &
Ivu lwong 16n, didu ndy phan anh dic tinh lam viée
dién hinh ctia may bom ly tam.

Tai cung mét luu lugng, sy gia tang do nham bé
mit chi lam thay d6i nhe gia tri cot ap. O vang luu
lugng nho va trung binh, cft ap c6 xu hudng tang
khong dang ké khi ¢6 nham ting, trong khi & ving
Iuu Iwgng 16n, su khac biét vé cot ap giira cic truong
hop nham gan nhu khéng rd rét. Két qua nay cho
thiy anh huong cia d6 nham dén cot ap tong 1a
tuong ddi han ché. Hién twong nay co thé duoc giai
thich boi viéc do nham lam gia ting ton that ma sat
thanh, dan dén sy diéu chinh phan b ap suat trong

Nhdm 0 micromet ~ ® Nhdam 15 micromet

® Nhdm 25 micromet Nham 40 micromet

® Nhdm 60 micromet ® Nham 80 micromet

CotapH (m)
5 &

wn

40 55
Lwu lweng (kg/s)

(a)

70 85

Hiéu suat (%)

banh céng tic va budng xoin, song khong lam thay
d6i dang ké ning lugng riéng truyén cho dong chat
long. Nguogc lai, hiéu suét thay luc thé hién mac do
nhay cam rd rét di v6i do6 nham bé mat. Trudng
hop bé mit nhin cho hiéu sudt cao nhat trén toan dai
luu lugng. Khi d§ nham tang tir 0 1én 80 pum, hiéu
sudt giam dan, dic biét rd rét ¢ ving luu luorng 16n.
Su suy glam nay phan 4nh sy gia ting cta ton that
nhot va ton thit ma sat, do ¢6 nham lam ting tng
suit cdt tai thanh va cudng d6 nhiéu loan trong cic
kénh dn giita cic canh ciing nhu trong budng xoén.
Ngoai ra, d6 nham 16n c6 thé thuc ddy tach 16p dong
chay cuc b, lam giam hiéu qua truyén ning lugng
tr banh cong tac sang dong chay.

120 T
100 +

80 + §s
—e—Nhém 0 '
—=—Nham 15 micromet
——Nhdm 25 micromet
—+—Nham 40 micromet

60 }
40 T

20 + ——Nhdm 60 micromet

——Nhdm 80 micromet

40 60
Lwu lwong (kg/s)

(b)

Hinh 4. (a) Cot dp - heu lwong; (b) hiéu sudt - heu leong

Nhin chung, két qua cho thay d6 nham bé mit c6
anh huong khong nhiéu dén cot ap, nhung lai déng
vai tro quyét dinh ddi voi hiéu suat thity luc cia may
bom ly tam. Cac mirc ¢ nham nho va trung binh
(khoang 0 - 40 um) cho phép duy tri cot ap 6n dinh
va hiéu suit cao, trong khi 0 nham 16n (>6O pum)
lam gia tang dang ké ton that thiy lyc, dan dén suy
giam hiéu suat va do 6n dinh lam viéc ciia bom. Do
d6, viéc kiém soat do nham bé mat cia banh cong
tac va vo bom 1a yéu té quan trong trong thiét ké va
khai thac may bom ly tAm nham t5i wu héa hiéu suat
nang lugng.

5. KET LUAN

Nghién curu nay da phan tich anh hudéng cua d¢
nham bé mit dén dic tinh thuy lyc cia may bom
ly tam, tap trung vao phan b trudng ap suit, cot
ap va hiéu suat. Két qua cho thiy do nham bé mat

TAI LIEU THAM KHAO

¢6 anh huong han ché dén cot ap tong ciia bom,
trong khi tac dong dén hi¢u suat thuy luc 1a rd rét.
Khi d6 nham ting & muc vira phai, trudng ap suét
chi thay d6i nhe va ¢t 4p hau nhu khong bi suy
giam; tuy nhién, d6 nham 16n lam gia tang ton that
nhét, suy giam tinh ddng déu cia truong ap suét
va din dén giam dang ké hiéu suit lam viéc cua
bom. Tir goc do thiét ké, cac két qua ndy nhén
manh tim quan trong cua viéc kiém soat d6 nham
bé mit cia banh cong tac va vo bom nhim han
ché ton thit thiy luc va ning cao hiéu suit ning
lugng. Viéc lua chon quy trinh gia cong va xu ly
bé mit phu hop dé duy tri d6 nham & mic nho
hodc trung binh c6 thé gdp phan cai thién hiéu
suat téng thé va d6 6n dinh van hanh cua may bom
ly tdm, dac biét trong cac ung dung lam viéc lau
dai va ¢ dai luu luvgng 16n.
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Abstract:
EVALUATION OF THE EFFECT OF SURFACE ROUGHNESS ON HEAD AND EFFICIENCY
OF A CENTRIFUGAL PUMP USING COMPUTATIONAL FLUID DYNAMICS (CFD)

This study evaluates the effect of surface roughness on the head and efficiency of a centrifugal pump using
computational fluid dynamics (CFD) simulations. The Reynolds-averaged Navier—Stokes (RANS) equations
coupled with the k—e turbulence model were employed to analyze pressure distribution, head, and hydraulic
efficiency at surface roughness levels ranging from 0 to 80 um. The results indicate that surface roughness
has a minor effect on pump head but significantly reduces hydraulic efficiency due to increased friction
losses and reduced pressure field uniformity, particularly at high flow rates. These results emphasize the
critical role of surface roughness control in the design and performance optimization of centrifugal pumps.
Keywords: Centrifugal pump, surface roughness, CFD, k4~ model, efficiency.
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