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Tém tat: Bé ling trong Cum xit Iy ciia Nha mdy nuéc sach la mét trong nh[mg hang muc quan trong nhdt ciia
nha may, quyét dinh dén cong sudt va chat lwong nuGe sach dwoce xir ly. Nha may nuwde Hung Vinh thugc quan Ly
cua Cong ty Cé phan Cap nieée Nghé An, c6 tong cong sudt thiét ké la 60.000 (m3/d) Hig¢n tai nha may dang sir
dung bé lang ngang truyén thong, phdn phéi nuée dau bé, bo tri mang thu nudc bé mdt & cuoi bé Zang Bé ling
ciia nha may nuée Hung Vinh dwoc mé hinh héa bang phan mém Ansys CEX, trong do kich thuéc bé ling dwoc
thu nhé trong phan mém dé giam thoi gian chay mé hinh ma van dam bdo dg tin cdy ciia két qua. Béng cin di vdo
bé ldang duoc chia thanh 10 nhém, dai dién cho cdc kich thude bong can khdc nhau trong bé ling. Két qua chay
mé hinh cho thdy véi ham lwong can 200 mg/l thi sé lwong cac tam Lamella toi wu la 57 tam. Véi cdc ham lrong
can khdc nhau tir 50 dén 500 mg/l, khi ham lwong cin tang 1én thi hiéu qud ling cang tang lén. Mirc cong sudt

kha thi dé cdi tao ndng cong sudt la 60.000 (m’/d).

Tir khéa: Xir Iy nudc cap, bé lang, tim lang Lamella, mo hinh CFD.

1. PAT VAN PE

Nha may nuéc Hung Vinh c6 dia chi tai sé 115
Nguyén Sinh Séc, Ctra Nam, Thanh phd Vinh, Nghé
An. Hién tai, nha may nudc Hung Vinh la nha may san
xudt nudc sach duy nhat ciia Thanh phd Vinh, cip cho
23/25 xa, phuong cii ctia thinh phd Vinh. Dan sé st
dung nudc sach khoang 350.000/500.000 ngudi. Nha
may duge duge dua vao khai thac str dung ndm 1987
voi cong suét 1a 20.000 (m*/d). Den 2004, xay dung
thém mot cum xur Iy mdi voi cong suat thiét ké 40.000
(m*/d), cong sudt van hanh thyc té 1a 60.000 (m/d)
(Nawasco, 2023). Hién tai, nha may dang vén hanh
song song 2 cum xtr Iy 20.000 (m3/d) va 40.000 (m3/d)
cong suat phat nudc ra ‘mang thyc té dat 60.000 (m*/d).

Hién nay, Cong suit nha may nuéc Hung Vinh chi
dap g chua t6i 70% nhu ciu nudc sach ciia nguoi
dan va doanh nghiép. Theo quyét dinh sé 52/QD-TTg
cua Thu tuéng Chinh Phu (Thi tudng chinh ph,
2015), cic nha miy nudc duge nang cip, xdy moi dé
dam bao cung (mg du nhu cau ding nude cho khu quy
hoach, trong d6 Nha may nudc Hung Vinh s€ van hanh
vGi cong suat 120.000 m*/d. Ngoai ra, Nhu ciu st dung
nudce sach ciia nguoi dan TP Vinh va vung phy cén la
289.164 m?/d, du bao dén nim 2030 1a 335.529 m*/d
(Bao vé phap luat, 2019). Nhu cau sir dung nuédc sach
hi¢n nay rat 16n, tuy nhién kha ning dap Gng cp nudc
ctia Cong ty CP Cap nudc Nghé An van con kha han
ché. Do dién tich nha may khong dii dé xay dung thém

'Bé mon Cap thodt nuéce, Trieong Pai hoc Thily loi, Ha Ngi
*Khoa Ky thudt moi truong, Truong Dai hoc Kitakyushu,
Nhdt Ban

’Bé mén C(fp thoat nuoc, Truong Dai hoc Xay dung, Ha Ngi
" Téc gid lién hé
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Cum xir ly méi, do d6 viéc cai tao cum xit 1y hién trang
1a diéu tit yéu hién nay.

Déi voi day chuyén xir 1y 40.000 m/d, sau khi dénh
gia cac cong trinh hién trang va chét lugn, ng ngudn nuac,
cong suat kha thi dé nang cap 1a 60.000 m’/d. Nang tong
cong sudt xir Iy ctia nha méy 1én dén 80.000 (m’/d).

2. PHUONG PHAP NGHIEN CUU

2.1. Phwong phap mo hinh héa

Mb phong CFD 1a mdt nhanh cta co hoc chat luu
(Fluid Mechanics) ma st dung phuong phap s6
(Numerical Analysis) daé phan tich va giai quyét cac bai
toan lién quan dén chuyén dong/ dong chay cua chat
luu (khi, 16ng). Cac phuong trinh mé td dong chay nay
thong thuong rat kho giai bang tay nén ching thudng
dugc giai trén may tinh.

Mb hinh dong rdi K-epsilon thudc cac md hinh rdi
Reynolds-averaged Navier Stokes (RANS), noi ma cac
tac dong ctia dong rdi dugc md hinh héa. Md hinh
dong 161 K-epsilon di duoc ap dung rong rii voi cac
nghién ctru lién quan dén dong chay rdi trong cac hang
muc cua nha may xir Iy nudc sach (Stamou, Adams, &
Rodi, 1989) (GHAWI, 2017).

Phuong trinh md hinh dong réi K-epsilon chuan
(ANSYS, 2023) duoc biéu dién dudi dang phwong
trinh dong ning réi k va phuong trinh téc do tidu tan
dong hoc €.

Chi tiéu dé d4anh gia chit luong ciia mot ludi 1a do
hoi tu cua ludi. Co nhidu chi s6 dé danh gia do hoi tu
clia ludi, tuy nhién phan mém Ansys quan tim nhiéu
nhét dén 2 chi s6 1a Orthogonal Quality va Skewness.
Dé dam bao yéu cau hoi tu ciia bai toan md phong,
Ansys Mesh khuyén cdo ngudi sir dung chia ludi theo
yéu cau: Min Orthogonal Quality > 0,1 va Max
Skewness <0,95 (N. Tién Quyét, 2020).
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2.2. Kich thwéc hinh hoc

Bé ling ngang ciia Nha miy nudc Hung Vinh 1a bé
ling ngang truyén thong, thu nudc bang mang ring cua
dat & cudi bé lang. Bé ling c6 kich thugc LxWxH =
42x5,4x5,84 (m), day bé ling c6 do dbc ting 1én vé dau
bé. Chiéu cao bé léng & dau bé 1a H;=5,84 (m), chiéu
cao bé lang & cudi be ling 1a Hy=4,32 (m). Day bé lang
& phia ddu bé c6 3 ron thu bun, mang thu nuée cia bé
ling c6 kich thuéc B=400 (mm), chiéu dai mang thu
nudc Lm= 15000 (mm). Mang thu nudc la loai mang
ring cua, dugc lam bang thép khong gi.

M6 hinh trén phﬁn mém Ansys dugc thu nhd 2,6
1an so v&i kich thuge thuc té, bao gé)m ca chiéu dai
mang thu nudc. Do chiéu rong khong anh hudng dén
hi¢u suét ciia bé lang trong qua trinh chay mo hinh, nén
chidu rong trong md hinh dugc thu nho chi con 20
(mm) dé giam khdi lugng tinh toan cta phan mém.
Kich thudc bé léng duoc chon dé chay m6 hinh la
LxWxH = 16x0,02x2 (m).

Mang thu nudc duge bd tri nim trén bé mit cia bé
ling, cac tim ling lamella dugc sap xép nim & cudi bé
ling. Nudc sau khi ling duge thu bang mang thu nudc
bé mit theo phuong phap dang ap dung tai nha may.

2.3. Thong s6 md hinh

Trong bé ling ngang, thong s quan trong nhét cia
bé ling do6 chinh 1a tai trong ling ciia bé mat. Dbi voi
bé léng ngang truyén thong, thong thuong tai trong
ling bé mit dugc tinh toan trong khoang 1 (m’*/m>.h)
cho dén 2 (m3/m .h). Téi trong lang bé mat hién trang

cua Nha may nudc Hung Vinh la:
2
LDR—L— 8 =1.1 (1)
WxL 6x42

Trong d6: LDR 1a tai trong bé mit cua bé ling
(m*/m’.h), Q) 1a luu lwong vao bé ling hién trang
(m*/h), W va L twong tmg la chiéu rong va chiéu dai bé
léng (m). Déi véi cong sudt van hanh hién trang 1a
40.000 (m*/d) thi tai trong bé mat bé ling 1a LDR = 1,1
(m*/m’.h). Khi ning cong suat bé lang lén 1,5 lan,
tuong trng voi 60.000 (m’/d), thi tai trong bé ling ting
Ién tmg la LDR’=1,1x1,5=1,65 (m m’/m’.h). Day chinh la
thong s6 dé tinh toan va chay mo phong cho bé ling
ngang két hop Lamella.

Doi voi van toc lang cua bong can, tac gla st dung
nhém cac bong can gom 10 loai van toc ling khac
nhau. Nhom cac bong cédn dai dién cho bong cidn thuc
té trong bé lang (Bang 1).

Béang 1. Nhém Cac nhém bong cén sir dung trong mé phéng

Nhom bong can 1 2 3 5 6 7 8 9 10
Van tdc lang (mny/s) 076 | 082 | 087 | 093 | 098 | 1,04 | 1,10 | 1,15 | 121 | 1,26
Ty 1é cic nhom 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1

Hiéu suét léng duoc tinh toan theo cong thirc sau:

0 10
an_zcrl;uz

n=-——"=—x100 )
26
i=l

Trong do, n 1a hi¢u suét l'fmg can (%) cia bé léng,

C.i 1a ndng do cin cua nhdém i vao bé ling (mg/l),

C

S| nong d6 cin ctia nhom i ra khoi bé lang (mg/l),

i 1a nhom can tir 1 &n 10 (N.T Anh, 2019).

Céc tim Lamella dugc xép voi goc nghiéng 60°
(T.X Lai, 2018) va khoang cach giita cac tim Lamella
12 86mm. Cac tam ling Lamella dugc bd tri nim & cubi
bé lang dé tang hiu qua kha nang ling can.

2.4. Cac phuwong an chay md hinh

Céc phuong an dé toi wu hoa viée cai tao bé léng
Nha may nuéc Hung Vinh dugc chia thanh 03 nhom:
thay doi cdc tim ling Lamella, thay d6i ham lugng cin
nudc thd, thay doi cong suat thiét ké.

Déi véi Phuong an 1 (PA1), cac tim ling Lamella
dugc thay doi dé danh gia hiéu qua ling dwa trén sb
luong tAm lang va chidu cao cua tdm ling. Phuong an
la (PAla) s& b6 tri 57 tim ling trong bé ling, mdi tAm
ling c6 chiéu cao hinh hoc 1a 380mm, chiéu dai cia
khdi tAm lang tuong Gng véi chiéu dai cia mang thu
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nude hién trang. Phuong an 1b (PA1b) s& b tri 47 tam
ling trong bé lang, mdi tim lang c6 chidu cao hinh hoc
la 380mm. Phuorng an lc (PAlc) s¢ bd tri 47 tdm ling
trong bé lang, mdi tdm ling ¢ chidu cao hinh hoc 1a
760mm. Tat ca cac trudng hop ciia PA1 déu cé clng
thong s6 goc nghiéng 60° va khoang cach giira cac tim
Lamella 13 86mm theo phuong vudng géc. Thong sd
LDR’=1,65 (m*/m”.h) va ham lugng cin nudc thd 200
(mg/l) duoc giit ¢b dinh dé danh gia sy thay ddi cia
céc tim Lamella.

D6i v6i Phuong 4n 2 (PA2), thong s6 ham lugng
can nude thd dugc thay doi dé danh gid hiéu qua bé
lang khi chit lugng nuge tho co su bién dong. Thong
s6 cla cac tim Lamella va tai trong lang bé mit
LDR’=1,65 (m*/m%.h) dugc giit ¢b dinh. S& luong cac
tam Lamella 1a 57 tdm va chiéu cao cla tdm lang 1a
380mm, tuong ty vdi phuong an PAla. Phuong an 2a
(PA2a) c6 ham luong cin dau vao 1a 50 (mg/l), twong
tu voi PA2b, PA2¢c, PA2d, PA2e, PA2f, PA2g, PA2h
¢6 ham lugng cén dau vao twong ung la 100, 150, 200,
250, 300, 400, 500 (mg/1).

V6i Phuong an 3 (PA3), thay d6i cong suat dé danh
gla hiéu qua lang cum xir Iy dé phuc vu cho qua trmh
cip nuéc. Ham lugng cin nudc thd 200 (mg/l), sd
luong va chiéu cao tim ling tuong tu v6i phuong an
PAla. Téi trong ling dwgc thay ddi luong tng la
LDRI1=1,0 (m*/m%h), twong ty LDR2, LDR3, LDR4
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c6 thong s tuong tng 1a 1,25;
(m*/m”.h).

2.5. Hiéu chinh m6 hinh

Mb hinh can dugc hiéu chinh va thiét lap thong sb dé
phan 4nh dtng véi s6 liu thuc t thu dugc tai Nha may
nude Hung Vinh. Dit ligu thuc té duoc chon tir 4 d6 duc
tiéu biéu clia nguon nudc thd tai nha may 1a ham lugng
can 200 (mg/1), 150 (mg/1), 100 (mg/1) va 75 (mg/l).

1,50; 1,75; 2,00

__100
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5 80

T 70

t__"’ 200 150 100 75
% Ham luvgng cdn trong nuéc tho (mg/l)

s MG iNh e Thire té
Hinh 1. Két qua hiéu chinh mé hinh
voi ham lwong can va hiéu suat lang.

Sau khi chay thur cac kich ban khac nhau ctia ham
lugng can 200 (mg/l), 150 (mg/l), 100 (mg/l) va 75
(mg/l) két qua cho thdy hidu suat lang gittra m6 hinh md
phong dong Iyc hoc va hi¢u suét lang thuc té co su
tuong quan chat ché. Két qua ciing cho thiy rang khi
ham lugng cin trong nudc thd giam di thi hidu suét
ling ciing bi giam theo.

3. KET QUA VA THAO LUAN

3.1. Thay déi sb lwong tam léng Lamella

Két qua mo phong bang phian mém Ansys CFX cho
thay céc bong can dugc lang tap trung cha yéu o dau
bé lang, khi nurdc thoé da dugce keo tu tao bong va chay
vao bé lang, cac bong cin c6 xu hudng ling ngay & dau
be ling (Hinh 2). Cac bong cdn co khdi lwong nhe hon
tiép tuc di chuyen vé phia cubi bé lang va duoc ting
hi¢u qua lang bang cac tim Lamella.

PHUONG AN 1a (PA1a)

Ansys

MANG THU NUOTC BE MAT

PHUONG AN 1b(PA1b)

Ansys

MANG THU NUTIC BE MAT

L.

PHUONG AN 1c(PA1c)

Hinh 2. D6 thi contour ciia bé ling
voi cdc phwong an thay doi tam lang Lamella
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Nong do can 16n nhat (mau do) thu dugc 1a 0,165 —
0,1931 (kg/ m ) & 1/3 chiéu dai cua dau bé ling. Trén
céc tim lang déu co bong can bam Ién, diéu nay cho
thdy tat cd cdc tdm lang déu phat huy hi¢u qua ling
can. Trong d6 cac tim lang phia dau va phia sau cé xu
hudng bam it bong cin hon, khu vuc ¢ giita khoi
Lamella c6 hiéu qua giir bong can tot nhat. Véi viéc bd
tri tim ling theo 3 phuong 4n PAla, PA1b va PAlc c6
két qua chay md hinh cho thiy hiéu suat ling trung
binh dat tir 93,5 — 94,9% (Hinh 3).

Hinh 3. So sanh hiéu sudt lang
Vi cdc phwong an thay doi tam lang Lamella

Két qua so sanh cho thdy c6 su chénh 1énh khong
dang ké (< 2%) khi thay d6i s lugng tdm ling Lamella
hodc thay d6i chiéu cao ciia tim ling Lamella.

Két qua ctia vector van toc cho thiy vén téc dong chay
trong bé ling va di qua tAm ling 1a rat nho, van toc 16n
nhit trong bé ling dat 1,639.107 (m/s). Phian bd vector
van toc cho thdy khong c6 viing nudc chét trong bé ling.
Dic biét tai khu vuc dy bé ling tai chiéu dai ¥ dau bé
ling ctia ca 03 phuong 4n déu cd hién tuong ving nudc
xody. Tuy nhién tai khu vic day bé ling & phia dudi tim
ling Lamella thi ving nudc xody ndy da bién mat, thay
vao d6 1a cac vector van tdc song song v6i nhau. Riéng
d6i voi Phuong 4n Ic, do tim lang Lamella dai hon nén
van téc dong chay & phia duéi Lamella & khu vuc tiép
giap cao hon so vi PAla va PA1b. Diéu nay ciing ¢6 thé
1a nguyén nhan din dén hiéu suat ling ctia PAlc la thip
nhit trong 3 phuong an. T4t ca cac tim Lamella déu c6
dong chay di 1€n, do d6 khong c6 hién tugng ving nude
chét ¢ trong cac tim Lamella.

P L]
e

s I s MANG THU NUGC BE MAT
o PHUONG AN 1a (PA1a)
g

1200m-00 | s MANG THU NUGTC BE MAT
'“ PHU'ONG AN 1b (PA1b)
L

'-'-'-'-'I e MANG The MUSC BE MAT

PHUONG AN 1¢ (PA1c)

Hinh 4. D6 thi vector ciia bé ling
voi cdc phwong an thay doi tam lang Lamella
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3.2. Thay d6i ham lwong cin nuéc thd

Ngudn nude thd tir song Lam c6 ham lugng cin
bién d6i theo mua, ham luong cin duge dua vao md
hinh hoa nim trong dai 50 — 500 (mg/l) d&& danh gia
hi¢u qua bé lang Lamella.

Hinh 5. Hiéu sudt lang khi thay d6i
ham luong can trong nudc tho

Khi ham Irgng cédn ciia nudce thod ting 1én, hiéu suét
ling trung binh c6 xu huéng ting theo tuyén tinh (Hinh
5), cac budc ting giao dong tir 1,0 — 1,3%, nhu vay cod
su quan hé mat thiét gitta ham Iuvgng can nudc tho va
hiéu suét léng. Khi mat do bong can tang 1é€n, kha ning
va cham gilta cac bong cén theo lyc Van der Waals
tang lén (T.X Lai, 2018), din dén kich thudc va khdi
luong cua bong cin ting 1én. Khi d6 bong cin dé dang
dugc lang trong khu vue dau bé ling va trong céac tam
Lamella. Bén trong cac tAm Lamella cling xut hién luc
Van der Waals khi bong cén nho dugce gilr lai bdi cac
bong cin 1on hon da bam san trén tim Lamella. Nhu
vy bén trong tim ling cic bong cin khong chi dugc
gilt lai boi trong lyc ma con c6 sy tham gia cua lyc
Van der Waals va chuyén dong nhiét Brown.

Ham lugng cén tang 1€n tr 400 1€n 500 (mg/1), hi¢u
qua ciia bé ling Lamella c¢6 xu huéng di ngang tir
98,03% dén 97,96% twong ung. PO duc cuia nudc thd
qua 16n thi vuot qua kha nang xir 1y ciia cum xir Iy cua
nha may nude. Khi d6 can sir dung thém Hb so lang dé
giam b6t ham luong can trong nude thd, ngodi ra con
¢6 muyc dich 6n dinh nguon nudc dé giam tai cho cum
xu 1y cua nha may nudc.

3.3. Thay ddi cong suit xir Iy nuéc

Déi voi viée cap nude cho khu vuc rong nhu Tp.
Vinh, viéc thay doi cong suét xir 1y trong mot ngiy 1a
diéu khong thé tranh khoi. Ngoai viéc thay doi cong
suat vao gio thip diém va cao diém, nha may nudc
Hung Vinh con phai ting/giam cong suit theo muia kho
va mua mua.

TAI LIEU THAM KHAO

CONG SUATXITLY (MINGAY BEM)

Hinh 6. Hiéu sudt lang khi thay d6i cong sudt xir Iy

Khi giit nguyén cong suit xtr 1y ban dau 1a 40.000
(m*/d), sir dung tAm ling Lamella thi kha ning xir 1y
bong cin da dugc keo ty Ién dén 99,98%. Khi tang
cong suét 1én 1,5 lan thi két qua cho thdy hiéu suat ling
dat két qua tot theo yéu cau cua chat lugng nudc sau
ling 1a 94,93%. Tuy nhién khi ting cong suat 1én 1,75
lin thi hi¢u suit ling giam xudng rd rét, chi con
90,17%. Va khi taing cong suat 1én gap 2 lan so véi
cong sudt ban dau thi higu xuat ling giam con 86,45%.
Nhu vay ddi véi ham luong can cia nude tho 1la 200
(mg/l) thi viéc tang cong suét 1én 1,75 va 2,0 lan s&
khong dam bao duoc chit lugng nudc sau ling.

4.KET LUAN

Bai bao da xay dung dugc phuong phap mo hinh
héa viéc sir dung tim ling Lamella cho bé ling ngang
ctia nha may ung voi cac tinh hudng khac nhau cia
cong suat va chat lugng nudc. Pong thoi tdi wu hoa
duogc s6 lwong cic tim Lamella can lap dat bén trong
bé lang ngang.

So véi viée tinh toan 1y thuyét, phuong phap thiét
ké béng ph?m mém CED mang lai vu viét sau: hinh anh
1 rang vé viing dém (ving ling), ving chuyén giao va
ving thu nuée trong bé ling. Ving dém 1a viing ma
ham lugng can dugc tich tu nhiéu nhit dé bd tri cac
thiét bi xa bun, va tranh lap dat lamella vao ving dém
ndy. Truge day ving dém nay chua ¢ cong thire aé
tinh todn bang ly thuyét. Ngoai ra, uu dlem cua md
phong CFD d6 1a tily chinh s6 lwong cac tim lamella
dé thu duoc hiéu suit léng theo mong mudn. Véi viée
tinh toan 1y thuyét thi chi tinh dugc s6 tim lamella, tuy
nhién khong tinh dwoc hiéu suat twong tng.

Lo&i cdm on: Nhom tac gia tran trong cdm on Dy an
Hop tdc nghi€n ctru khoa hoc va cong ngh¢ cho phat
trién bén virng (SATREPS) do JST-JICA (Nhat Ban)
tai tro (No. JPMJSA2201) da hd tro thuc hién nghién
cuu nay.
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Abstracts:
APPLICATION OF CFD MODELING IN THE DESIGN AND UPGRADING
OF THE SEDIMENTATION TANK CAPACITY AT HUNG VINH WATER PLANT,
VINH CITY, NGHE AN

The sedimentation tank in a drinking water treatment plant is one of the most critical components, determining the
capacity and quality of treated water. The Hung Vinh Water Treatment Plant, managed by Nghe An Water Supply
Joint Stock Company, has a designed capacity of 60.000 m’/day. Currently, the plant employs a traditional
horizontal sedimentation tank with water distribution at the inlet and settled water collected through surface
collection troughs at the outlet. The sedimentation tank of the Hung Vinh Water Plant was modeled using Ansys
CFX software, with the tank s dimensions scaled down in the software to reduce simulation time while maintaining
result reliability. The floc particles entering the tank were divided into 10 groups, representing different floc sizes.
Simulation results indicate that with a sediment concentration of 200 mg/L, the optimal number of Lamella plates
is 57. For sediment concentrations ranging from 50 to 500 mg/L, sedimentation efficiency increases as the
sediment concentration rises. The feasible capacity for upgrading the plant is 60.000 m*/day.

Keywords: Water supply treatment, sedimentation tank, lamella settling plates, CFD modeling (Computational
Fluid Dynamics modeling).
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