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TOM TAT

Nghién ciru nay dwoc thiee hién nham muc tiéu danh gid khd ndng cung
cdp oxy hoa tan ciia ong venturi vao trong méi truong mede thai. Thi
nghiém duoc thuc hién aé danh gid hai kiéu suc khi hoat dong doc lap
gom ong venturi két hop hai voi phun va mady théi khi nén qua dé siii
bot. Nong dé oxy hoa tan trong nwée dwoe danh gid lién tuc theo thoi
gian va ty 1é truyén khéi oxy vdo trong mede dwoc tinh todn. Sau 240
phiit van hanh hé thong, két qua thi nghiém cho thdy mé hinh ong
venturi-voi phun cho gid tri DO tir xdp xi 0 mg/L truéc khi suc khi lén
dén dat 8,1 mg/L tai vi tri trung tam bé va 7,3 mg/L & vi tri do xung
quanh sau thoi gian suc khi, cao hon so voi hé théng khi nén-da bot
khodang 1,0 mg/L. Bén canh do, hé 6 truyén oxy Kla20yx dat 4,23 va
toc dé tmyen oxy tiéu chuan SOTR la 1.1x107° kgOux/h. Két ' qua nghién
curu cho thay hé thong éng venturi-voi phun hoat déng tot hon trong
viée cung cap oxy hoa tan so véi hé thong cap khi nén qua da sii trong
moi truong nuoc bi 6 nhiém.

Tir khéa: Hiéu sudt truyén oxy, nong dg oxy hoa tan, ong venturi, thi
nghiém suc khi

ABSTRACT

This study was conducted to assess the potential of the venturi tube for
dissolved oxygen supply into the wastewater. The experiments were
carried out by two independent aeration types, including a venturi two
nozzle-tube and air compressor-porous air stone systems. DO
concentration was measured over time in the water tank and
theoretical oxygen transfer rate was calculated. After 240 minutes of
operation, the venturi tube-ejector model resulted in a DO
concentration from nearly 0 mg/L up to over 8.1 mg/L at the central
of the tank and 7.3 mg/L at the surrounding measured points, which is
higher than that of the air compressor-porous air stone. In addition,
the oxygen transmission coefficient Kla20,.reaches 4.23 and (SOTR-
the standard oxygen transfer rate) .. was 1.1x107 kgOu/h of using the
venturi device to suck the air and supply it to water through a nozzle.
This study shows that the venturi two nozzle-tube system was better in
supplying dissolved oxygen compared to the air compressor-porous
air stone system in wastewater.

Keywords: Aeration experiment, dissolved oxygen, oxygen transfer
efficiency, venturi tube
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1. GIOI THIEU

Xt 1y nude thai duge thuc hién & hau hét cac
thanh phd 16n, thi tran hodc nong thon dic biét ¢ khu
vuc ngudi dan sinh séng cao, noi mdi ngay xa thai
ra moi truong hang nghin mét khdi nude thai sinh
hoat trong ngay (Siatou et al., 2020). Cac nha may
xt ly nudc thai hodc cong trinh xtr ly thuong ap
dung céc quy trinh sinh hoc trong xur Iy nudc thai
nhu qué trinh bun hoat tinh, loc sinh hoc nho giot,
dét ngap nudc, ... (Santos et al., 2022). Trong do6,
quy trinh xtr Iy sinh hoc c6 sir dung bun hoat tinh
dugc ap dung trong hau hét cac nha may xir Iy nude
thai (Schwarz et al., 2021) va nguyén tic xir Iy ctia
quy trinh nay 14 chuyén hoa sinh hoc cac chat hiru
co ¢6 mit trong nuéc thanh khi CO, va sinh khéi
cua vi sinh vat nho su ¢6 mat cia oxy hoa tan trong
nudc (Dissolved oxygen — DO) (Yaparatne et al.,
2022). Suc khi 1a mot giai doan khong thé thiéu
trong qua trinh xtr ly sinh hoc bun hoat tinh dé cung
cap mot lwong khong khi can thiét, lién tuc va co
kiém soat trong sudt qua trinh (Khan et al., 2020 &
Schwarz et al., 2021). Tuy nhién qua tr1nh suc khi
thudng tiéu tén rit nhiéu nang luong ctia mot nha
may (Siatou et al., 2020; Schwarz et al., 2021 &
Santos et al., 2022). Nghién ciru trudc day cho thiy,
tiéu thy nang lugng 1a van dé cua cic nha may xir ly
nudce thai ¢6 st dung cong nghé bun hoat tinh, mot
nha may xu Iy nudce thai ¢6 st dung cong nghé bun
hoat tinh hoat dong & cong suat 100.000
m’/ngdy.dém tiéu thu 0,28 kWh/m? (Siatou et al.,
2020). Ngoai ra, hiéu suit truyén oxy khong cao chi
khoang 30% ddi véi kiéu bé bun hoat tinh c6 d sau
4,5 m (Atkinson et al., 2019) cha yéu 1a do cac bong
bong kich thudc 16n, trung binh va nhé dugc tao ra
do may nén khi thdi khi qua cac dia phan phéi khi
bb tri dudi day bé ndi 1én bé mit bé qua nhanh trude
khi kip giai phong lugng khong khi chira bén trong
bong bong ra mdi truong nudce, thay vao do lai giai
phong lugng khong khi nay ra moi truong khong khi
trén bé mit 16p nude. N goai ra, sy tac nghén céac 16
thoat khi trén dia phan phéi khi do sy bam dinh cua
bun hoat tinh lam giam lwong khi cung cAp vao bé,
dé duy tri lugng oxy trong bé t6i thiéu 2,0 mg/L bat
budc phai ting cong sudt may nén khi, tir d6 lam
tang chi phi cho nha may (Jiang et al., 2020;
Yaparatne et al., 2022).

bé cai thién hiéu suét truyén oxy trong nudc,
tang hidu qua xir Iy nudc thai va tiét kiém chi phi
vén hanh, nhiéu nha khoa hoc bét diu nghién ciru vé
cac bong bong khi kich thudce siéu nho (min) va
phuong phap don gian dé tao ra chung. Cac bong
bong siéu nho hodc con goi la nano va micro bubbles
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c6 kich thudc dudi 200 nanomet (Agarwal et al.,
2022) c6 nhitng didc diém ndi bat nhu: khong ndi 1én
mat nude ngay nhu cac bong bong kich thudce 16n va
trung binh ma sup d6 giira ching khi 1én mit nudc
(Movahed & Sarmah, 2021); hiéu suét truyén khoi
cao; dién tich bé mat tiép xtc 16n, dién thé zeta cao
va tao ra cac goc hydroxyl — OH" (Zhang et al., 2020;
Zhang et al., 2023). Két qua nghién ciu cua
Rameshkumara et al. (2019) vé tao bot khi siéu nho
hodc nanobubbles bang phuwong phap ion hoa va ing
dung trong xtr Iy nude thai, két qua cho thiy cac
bong bong khi siéu nho lam ting gip doi nong do
oxy trong nudc, cai thién hi¢u qua xu Iy BOD, COD,
nitrate, phosphate trong nudc thai sinh hoat, déng
thoi lam tang DO tir ngudng khong phat hién dudi
0,2 mg/l 1én dén 7,4 mg/l sau 2 — 3h suc khi. Mot
nghién ctru khac cua Yaparatne et al. (2022) cling da
ching minh sy cai thién néng do oxy hoa tan trong
nudce, higu suat truyen oxy gap 6 1an va hiéu qua xur
1y COD cao gap 3 lan cta viéc suc khi bang cac bong
bong kich thudc siéu nho so véi suc khi bang cac
bong kich thudc lon va trung binh.

Nhiing wu diém cua bot khi siéu nho da duoc
ching minh song nhuoc diém chinh vin nim &
phuong phap tao ra cac bot khi nay. Nhitng phuong
phap dugc st dung dé tao bot khi kich thudc siéu
nho bao gom xa khi hoa tan co diéu ap, thiy dong
luc hoc, dién hoa va siéu am (Zhang et al., 2020,
Abadie et al., 2022). Phuong phap tao bot khi min
voi gia thanh vira phai (ré va c6 thé tlep can de
dang), van hanh don gian, dat hiéu suét cao va 6n
dinh theo thoi gian van 1a van dé& dang dugc quan
tdm nghién ctu (Favvas et al., 2021).

Ong venturi (Hinh 1) tao bot khi kich thudc siéu
nhé dua trén phuong trinh Bernouli ndi tiéng va 1a
mét dang cua phuong phdp thuy dong luc hoc
(Wiraputra et al., 2016, Stoppatoa et al., 2023).
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Hinh 1. Ong venturi

Venturi ¢6 ciu tao gdm cac phén déu vao cua
pha long (1), dau vao pha khi (3), phén ¢ thic hodc
co hong cua ong (2), phan déu ra cua pha l6fng sau
tron khi (4). Vé nguyén 1y hoat dong, nuéc di vao
dau vao phan dau 6ng co hep lién tuc dé ting toc
dong chay va khi dén doan co hep hodc nut thac, tai
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déy van téc nude dat toi da va hinh thanh ap sudt am
(< 1,0 atm), khong khi bén ngoai 1a x4p xi 1,0 atm
nén khong khi bi hat vao thy dong qua mot dau 6ng
lay khi thiét ké tai doan co hep (Li et al., 2023). Ong
venturi dugc ung dung suc khi kich thude siéu nho
trong nhiéu linh vye nhu xtr Iy nudce thai, ciy trong,
thity san vi sy hiéu qua truyén khi cao trong thuc
nghiém, dé van hanh, gia thanh hop 1y va chu tao
khong qua phtre tap chi can mot may bom nuée, ong
venturi két ndi, cac doan 6 ong can thiét de ung dung
xtr Iy nue thai sinh hoc hiéu khi va tiét kiém nang
luong (v6i 20% nang luong la da dé tao ra luc hat
(Therrien et al., 2019, Yadav et al., 2021). Mot
nghién ciru ciia Wiraputra et al. (2016) nhiam danh
gia kha nang tao bot khi kich thudc vai nanomet cua
ong venturi nhung két qua cho thiy tdc d6 dong
nude thay doi 1am anh huong dén kich thude bong
boéng duogc tao ra va chi tao dugc cac bong bong kich
thudc tdi da vai trim micromet. Nghién ciru cia
Therrien et al. (2019) nham xac dinh toc do dong
nude, do sau voi phun va s6 lugng voi phun tac dong
nhu thé nao dén hiéu suit truyén khong khi trong
moi truong nudc may, két qua cho thiy do siu
khong anh huong dén hiéu suat va hiéu suét truyén
khong khi cao nhét dat ¢ tde dd dong nudc 400
L/phat v6i 4 voi phun. Mot nghién ctru khéc cta
Yadav et al. (2021) cho thdy dbi véi cac yéu té hinh
hoc cua dng venturi v6i chiéu dai doan co hep 1a 100
mm, s6 luong 16 14y khi 1a 17 va v6i hai goc tai doan
co hep va mé rong cho tdc dd truyén oxy tiéu chuan
(SOTR - standard oxygen transfer rate) va hi¢u suét
suc khi tiéu chuin (SAE - standard aeration
efficiency) cao nhat lan lugt 0,02 kgOxh va 0,6
kgO,/kWh trong moi trudng nudc may. Va nghién
ctru cua Ramiro Escudero et al. (2022) nhim md
phong viée bd tri cac 16 hat khi & doan co hep ctua
ong venturi cho thay véi 8 16 hut khi gitp bot khi
duogc tao ra va phan tan diéu hon trong cdt nudc sau
ra khoi thiét bi tron. Ngoai ra, theo nghién clru cua
John et al. (2022), as cited in Hamad et al., 2023
nham danh gia kha nang truyén khéi cia cac bong
bong trong nude, két qua nghién ciru cho thay cac
bong bong siéu nho kich thude dudi 2 mm ton tai lo
limg trong nudc tir 0,12 dén 0,66 gidy va cac bong
bong kich thude dudi 50 um lai ton tai tir 193 dén
1053 giay.

Qua mot vai nghién ctu vé dng venturi cua
Wiraputra et al. (2016); Therrien et al. (2019);
Yadav et al. (2021); Ramiro et al. (2022) ¢ trén cho
thay chu dé nghlen clru chu yéu tap trung nhiéu vao
yéu t6 hiéu suat truyén khong khi vao nudc thong
qua thay d6i hinh dang hinh hoc 6ng venturi nhu:
chiéu dai c¢6 hong, s6 lugng 16 14y khi, gdc tai doan
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co hep. Yéu t6 xét dén thir hai 1a chiéu sau dat voi
phun, vi tri bd tri voi phun va s6 lugng voi phun, cac
yéu t6 khac nhu toc d6 dong chay ciing duoc dé cap,
kich thuéc bong bong dugce tao ra va thoi gian luu
tri trong nudc. Nhung c6 it nghién ciru hoac con
danh gia chua 16 v& vi tri bd tri voi phun trong bé,
vé néng d6 oxy hoa tan hoac DO duogc do tai cac vi
tri khac nhau trong bé & timg d6 sau. Pa sb cac
nghién ctru chi sir dung nuéc may (nudce sinh hoat)
dé thi nghiém ma khong st dung ngudn nude bi &
nhiém do nudc thai. Ngoai ra, huéng nghién ctru bd
tri dng venturi két hop voi phun tia lap dat chim
trong nud6ce thai da duge dé cap nham danh gia thém
vé kha ning cung cip oxy trong nuéc thai cia
Therrien et al. (2019). Vi vay, nghién ctru nay dugc
thuc hién nhim danh gia hai yéu t5 chinh 1a kha
ning va hiéu suét phan phdi khi trong méi truong
nudce thai & cac do sau khac nhau ¢ tung vi tri khac
nhau trong bé cua dng venturi so véi kiéu may nén
khi suc khi truyén thong.

2. PHUONG PHAP NGHIEN CUU
2.1. Péi twong nghién ciru

Dbi tugng nghién ctru 1a dng venturi (Hinh 1),
dng c6 chu tao gdm 1 dau dng din nudc vao va 1
dau 6ng din nude ra, 1 doan cb thic nim gitra dng,
1 18 thu khi nim & doan co hep c¢6 nhi€ém vu thu khi
khi c6 dong nudce ap luc cao chay qua.

Nudc mat dugce thu thap tir kénh Bing Xéang cé
toa do X:10,0282283 va Y: 105,7634544. Kénh tiép
nhan nguén nudce thai sinh ngoat tir khu vuc sinh
song cia ngudi dan thuoc phuong Xuan Khanh va
phuong An Khénh, quén Ninh Kiéu, thanh phé Can
Tho thai ra. Thoi diém thu mau vao lac thuy tridu
thap tir 4 h dén 9 h sang.

Nudc méat dugce sir dung vi n6ng dd oxy hoa tan
thip dudi 0,5 mg/L hodc x4p xi bang 0,0 mg/L va
phu hop cho thi nghiém kiém tra hiéu suit truyén
oxy trong nude. Cac thi nghiém kiém tra hiéu suat
truyén khi khac ctia Therrien et al. (2019) va Yadav
etal. (2021) duogc ly giai thi nudc may da dugc thém
hoa chét sodium sulfite - Na,SO3 nong d6 10 mg/L
va coban clorua — CoCL, nf‘)ng d6 0,1 mg/L v&i muc
dich giam DO vé duéi 0,5 mg/L.

2.2. Mo hinh thi nghiém

Thi nghiém: kiém tra kha ning phén phdi khi cua
NT1 va NT2.

M5 hinh bé kinh duoc su dung voi kich thudce
dai, rong cao: 98,5; 69,0; 68,7 cm. Do day thém}}
kinh khoang 1 cm nham dam béao an toan khi bé



Tap chi Khoa hoc Dai hoc Can Tho

duogc sir dung dé chira mét thé tich nudc 16n va chiu
mot ap luc 16n.

Tat ca thi nghiém duoc thuc hién & quy md
phong thi nghiém va déu duoc lap lai 3 1an cho hai
nghiém thirc suc khi bang ong venturi-voi phun
(NT1) va may nén khi-da sui bot (NT2). NT1 duoc
lip dat 1 may bom Panasonic cong sudt 125 W (220
V—1,55A) cung cap t6i da 30 L nudc/phut véi dau
bom két ndi véi cac 6ng nhua dan nuée PVC duong
kinh 27 cm, bo dng venturi ¢6 van diéu chinh cip
khi bang nhuya, cung cip xap xi 5,0 — 6,0 L khi/phut
va 2 voi phun véi huéng phun bb tri huéng 1én trén
cach miat nudc 45 cm va cach day bé 15 cm. Voi
phun ¢6 nhiém vu phun nude sau tron vao bé va dau
hut ¢6 nhiém vy tuan hoan nudc tré lai vao may bom
(Hinh 2). NT2 duoc bé tri véi mot may bom nén khi
thwong hiéu Trung Quédc cong sudt 35W (65 L
khi/phat) két ndi voi 6 cuc da bot suc khi duoc bd
tri déu trong bé (Hinh 3).

2.3. Van hanh mé hinh

Nudc dugce str dung trong thi nghiém la nudce thu
gom tur nguén nudc mit, nudce sau khi thu gom dugce
loai bo nhitng chat rin c6 thé ling dugc trudc khi
cho vao bé. Bé dam bao an toan trong qué trinh van
hanh, myc nudc trong bé duge duy tri cach 10 cm
so v6i chidu cao thuc cua bé, vi vay thé tich nude
van hanh 1a x4p xi 373 L. May do DO thwong hiéu
TOA DKK model DO-31P (xuét x(r Nhat Ban) duoc
sir dung vai dau do co thé kéo dai duoc gin ¢ dinh
v6i mot thanh inox 304 duoc chia vach tir 5 cm, 30
cm va 60 cm cach mat nudce dé do gia tri DO tai 5 vi
tri khac nhau trong bé (Hinh 4) theo tudn tu tir vi tri
c6 danh s6 1 dén 5. Tai mdi vi tri dwoc do gié trj DO
& cac khoang ¢ 3 d6 sau dugc néu & trén mdi 15 phat
va trong 240 phut cho mét 1an lap lai. Sau 240 phit
suc khi, moi truong nude dugce dé tinh trong 30 dén
60 phut, tiép theo do lai DO & ca 5 vi tri nham kiém
tra su suy giam cua DO sau khi ngung suc khi.

Bén vi tri dugc chon (2, 3, 4, 5) 1a cac vi tri & sat
goc bé 1am vi tri do gia tri DO nham danh gi4 kha
nang phan tan oxy 6n dinh va lién tyc trong qua trinh
suc khi vi day 1a cac ving trong bé nam xa diém suc
khi va dé cac bot khi c6 thé khuéch tan oxy phai mat
nhiéu thoi gian. Pic biét trong kiéu bd tri voi voi
phun hudng 1én tai vi tri tim bé (vi tri 1) trong NT1.

Luu lugng khi duoc sir dung cho NT1 1a xép xi
5 L khi/phut va cho NT2 1a x4p xi 65 L khi/phut, luu
luwong khi dugce do béng luu luong ké do khi, viéc
luu lugng khi st dung khéac nhau ¢ hai nghiém thirc
so sanh nham kiém chimg gia thuyét NT1 ¢6 luu
luong cap khi thap hon nhung lai cho kha ning cung
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cép oxy hoa tan vao nudc tét hon NT2 nhd vao viée
tao ra céc bot khi kich thudc nho. Gia tri DO duoc
thu thap va xir Iy bang phan mém Excel 2019. Néu
do 1éch giira cac lan 1ap lai qué cao (> 0,5 mg/L) thi
thi nghiém duoc 1ap lai cho dén khi khoang gié tri
giita 3 lan ldp lai la thip nhAt.

Thong s6 khuéch tan dugc tinh toan, cong thirc
tinh toan tham khéo tir hai nghién ctru ciia Therrien
et al. (2019) va Dange and Warkhedkar (2023).

* Tinh toan hé s truyén oxy theo thé tich & mot
nhiét @6 T xac dinh:
In(Cs—Co)—In(Cs—Ct)

Kiar = -

(1)
Trong d6:

Kiar 12 hé s6 truyén oxy theo thé tich & nhiét do
da cho,

T°C (h),
t 1a thoi gian,
In biéu thi cho ham logarit,

Csla néng do oxy da bao hoa hoac DO sau khi
suc khi (mg/L),

Co 12 ndng d6 oxy ban dau hodc DO trudc khi
suc khi (mg/L),

C(1a ndng do oxy tai thoi diém t hodc DO xéc
dinh tai mdt khoang nhiét d6 nao d6 (mg/L).

Tuy nhién, trong thuc té lugng oxy hoa tan bi
anh huéng boi nhiét do thay doi lién tuc nén biéu
thirc trén dugc quy vé cong thirc tinh chuan dé thuan
tién trong viéc dbi chiéu.

Kra2o = Kpar x 0D

)
Trong d6:

Ky 20 12 hé s6 truyén oxy theo thé tich ¢ diéu kién
chuén 20°C (h™),

6 12 hé s6 diéu chinh nhiét do, 1y bang nudc
mdy voi 6 = 1,024. Viée lay 6 = 1,024 vi hé s0 co
thé sit dung cho cac nghién ctu truyén khi trong
nudc thai tai cac nha may xt ly nudc thai co su dung
quy trinh hieu khi (Lee, 2020).

* Tinh toan toc d6 truyén oxy tiéu chuan (SOTR
- Standard Oxygen Transfer Rate)

SOTR 1a luong oxy truyen vao nguon nudce trén

mot don vi thoi gian & didu kién chuén 20°C, ndng
d6 DO ban dau dudi 0,5 mg/L.

SOTR = Ko x (Csz()f Co) x V X 10'3 (3)
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Trong d6:

Cs20 12 ndng do bio hoa oxy & 20°C, Cs0=9,07
(mg/L);

Co 1a nong dd oxy ban dau, xem nhu Co = 0
(mg/L);

V 1a thé tich nuéc (m3).

* Tinh toan hiéu suat suc khi tiéu chuin (SAE -
Standard Aeration Efficiency):

Ong dan nuéc nude

Tdp 61, S6 44 (2025): 36-46

_ SOTR _ Kpazo X (Cs — Co)X VX 1073
P

SAE

“4)
Trong d6:

SAE 1a hiéu suit suc khi tiéu chudn
(kgO2/KWh),

P 14 cong suat phanh hay cong suét chua vao tai
cua dong co.

Céc thong sb Kla20, SOTR va SAE dugc tinh
toan va phan tich bang phan mém Excel 2019.

Ong venturi Voi phun nyoc Ong chit U
F*—-\ 1

L) |

H' . /%ﬂ
—_— h— i
1 O==
- v
Van nué6e du /
phong
Bé chira nuéce Chup loc
cin

Hinh 2. Mé hinh hé théng suc khi c6 sir dung venturi két hop 2 voi phun

Xao cb dinh phan

éng phan
L, phoi khi
May nén

khi /ﬂ‘

phéi khi

L

Bé chtra
nudc

Str tao bot
khi

Hinh 3. Mé hinh h¢ thng suc khi sir dung may nén khi
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Hinh 4. So d bé tri 5 vi tri do DO trong bé
3. KET QUA VA THAO LUAN
3.1. Kiém tra phan phdi khi

3.1.1. B¢ sdu 5 cm cdach mat nudce

Nong d¢ oxy hoa tan (DO) sau qua trinh chay thi
nghiém suc khi & ca hai nghiém thirc & d6 sau 5 cm
cach mit nude didu cho két qua 6n dinh. O vi tri 1
(vi tri trung tim ctia bé) d6i voi NT1 ¢6 sir dung dng
venturi cho két qua DO dat cao nhat, DO ~ 8,0 mg/L
sau 135 phut suc khi va di v6i NT2 suc khi bang
may nén khi chi cho két qua DO ~ 7,0 mg/L. Mic
du luu luong cép khi cia NTI chi khoang 5 L
khi/phut so v6i 65 L khi /phit dbi voi NT2, ¢6 thé
giai thich vi kha nang tao bot khi kich thudc siéu
nho cua dng venturi (Ramiro et al., 2022). Két qua
thé hién ¢ Hinh 5 cho thdy, gi4 trj DO ting nhanh tir
gi4 tri nho hon 1,0 mg/L dén 4,0 mg/L d6i v6i NT1
16n hon 3,0 mg/L so v&i NT2 sau 15 dén 20 phit suc
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khi. Sy tang nhanh gia tri DO trong khoang thoi gian
ban dau vi su tao ra cic bong bong khi siéu nhé cia
dng venturi, cac bong bong khi siéu nho lam ting
dién tich tiép xtc gitra khong khi va nudce tir do ddy
nhanh qua trinh khuéch tan oxy vao trong nudc.
Ngoai ra, trong giai doan dau cua suc khi gia tri DO
con xa muc bao hoa nén gia tri DO van con cao va
chua bi gidi han boi cac yéu t6 vé& hoa hoc va sinh
hoc.

Gia tri DO tiép tuc ting trong khoang 60 dén 65
phut suc khi tiép theo, tai NT1 dat gia tri xe‘ip xi 7,0
mg/L d6i véi NT1 va 6,0 mg/L d6i voi NT2 & cac vi
tri 2, 3, 4, 5 xung quanh bé. Nhung trong khoang
180 phut con lai, cac gia tri DO & tAt ca céc vi tri
déu khong tang tiép tuc vi gia tri DO trong nudc gan
dat trang thai bao hoa. Nguoc lai, dbi véi kiéu bd tri
6 vién da bot phan bd diéu trong NT2 cho phép gia
tri DO phén bé 6n dinh & tat ca cac vi tri do.

—s— Vitril —— Vitri3 —=— Vitii 5
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Hinh 5. Biéu d6 thé hién nong do oxy hoa tan (DO) tai 5 vi tri khac nhau trong bé ¢ d9 sdu 5 cm cich
miéit nwéc sau 240 phit suc khi
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Gia tri DO (sau thoi gian suc khi 240 phut) cua
NT1 & c6 gia tri 1an luot 13 6,85 mg/L, 5,9 mg/L,
5,9 mg/L, 5,7 mg/L va 5,8 mg/L tuwong Gtng vdi cac
vitri 1,2, 3,4 va 5. Con NT2 cho gi4 tri lan luot
5,93 mg/L, 5,46 mg/L, 5,25 mg/L, 5,27 mg/L va
5,19 mg/L twong ng véicac vitritri 1,2, 3,4 vas.
Gia tri DO (sau thoi gian suc khi 240 phut) cua NT1
cao hon khoang 1,0 mg/L tai vi tri do s6 1, cac vi tri
con lai cho gia tri DO chénh 1éch tur 0,5 dén 0,7
mg/L.

3.1.2. Do sdu 30 cm cach mdt nudce

Gia tri DO ¢ d9 sau 30 cm tiang nhanh sau 50
phut suc khi & ca hai nghiém thirc 1 va 2 tir gia tri
gan bang 0,0 mg/L 1én trén 5,0 mg/L. Sau khoang
30 phut suc khi tiép theo thi gia tri DO gan bang 7,0
mg/L d6i v6i NT1 va xap xi 6,0 mg/L d6i vi NT2,
c6 su chénh Iéch khoéng 1,0 mg/L gitta hai nghiém
thirc, didu nay chimg minh ¢ do sau 30 cm gia tri
DO & NT1 van cao hon gia tri DO & NT2 (Hinh 6).
Trong khoang thoi gian suc khi con lai (160 phut)
gi4 tri DO gan nhu khong ting & ca hai nghiém thirc
vi gia tri DO tién gan dén trang thai bdo hoa.

Ngoai ra, gia tri DO duy tri 6n dinh ¢ mirc 7,0
mg/L, cao hon NT2 (6,0 mg/L) trong sudt 160 phat
cudi cia qua trinh suc khi. Su chénh l&ch gia tri gitta
cac vi tri suc khi 1a khong dang ké trong khoang tir
0,2 mg/L dén 0,5 mg/L. Gia tri DO dat gia tri gan
giéng nhau & cac vi tri 1, 2, 3, 4 va 5 trong 40 phut
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cudi cua thoi gian suc khi. O d6 sdu suc khi 30 cm,
khong cé su chénh léch gia tri DO gitta vi tri 1 (vi
tri dat hai voi phun) so véi cac vi tri con lai cia NT1,
gia tri DO 6 NT1 cho DOmax = 7,4 mg/L trong khi
DOmax = 6,7 mg/L dbi v6i NT2, két qua do DO &
NT1 cao hon so voi NT2 chénh léch khoang 1,0
mg/L.

Ca hai NT1 va NT2 diéu cho thiy kha ning cung
cip va phan phéi oxy hoa tan didu & cac vi tri do
duoc chon trong bé thi nghiém & do sau 30 cm. Va
d6 chénh 1éch gitra cac gia tri khong c6 sy khac biét
qua 16n so véi gia tri DO & d6 sdu 5 cm (gan mit
nudce), nhung ¢ vi tri 1 cia NT1 & d6 sdu 5 cm cho
gia tri DO = 8,0 mg/L cao hon cac vi tri con lai. Co
thé 1y giai sy khac biét trén vi vi tri s6 1 (5 cm cach
mit nude) 1a noi gan mit nude nhéat va ving tap
trung bot khi kich thudc si€u nho sau khi dugc phun
ra tr voi phun.

DO (sau thoi gian suc khi) 1an luot dat 5,9 mg/L,
5,7 mg/L, 5,7 mg/L, 5,7 mg/L va 5,7 mg/L tuong
ung véicac vitri 1,2, 3,4 va5 cua NT1 so vai 5,3
mg/L &vitril, 53 mg/L ¢ vitri2, 5,2 mg/L & vi tri
3,5,10 mg/L & vitri 4 va 5,12 mg/L & vi tri 5 cla
NT2, @6 chénh léch trong khoédng 0,4 — 0,7 mg/L 1a
khong qua 16n cua gia tri DO do duoc gitra 2 nghiém
thirc. Gia tri DO (sau thoi gian suc khi 240 phat) &
NT1 tiép tuc cao hon NT2 va ly do giai thich da
duoc trinh bay ¢ muc 3.1.1.
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Hinh 6. Biéu dd thé hi¢n ndng dd oxy hoa tan (DO) tai 5 vi tri khac nhau trong bé ¢ d sdu 30 cm cach
mat nuéc sau 240 phut suc khi

3.1.3. Do sau 60 cm cach mat nuwoc

O d6 sau 60 cm, gia tri DO ciing ting nhanh sau
15 @én 20 phut suc khi dau tién (Hinh 7), dat gia tri
DOmax = 4,0 mg/L d6i v6i NT1 va DOpax =~ 3,0 mg/L
ddi voi NT2 ¢ ca 5 vi tri do. B chénh I&ch gia tri
giita cac vi tri do 1an luot tir 0,4 dén 1,0 mg/L c6 thé
la vi céc vi tri khong dugce do trong cung moét thoi
diém ma ¢ vi tri do trude va vi tri do sau. Sau
khoang 30 dén 35 phit tiép theo, gia tri DO lan lugt
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dat xép xi 6,1 mg/L & NT1 va 5,0 mg/L & NT2.
Trong khoang thoi gian con lai, DO ¢ NTI tang
cham, dat 7,2 mg/L (DOmax) va 7,0 mg/L (DOmir) tai
cée vi tri do. O NT2, DO tang thém 1,5 — 1,7 mg/L,
dat 6,7 mg/L (DOmax) va 6,3 mg/L (DOmin) thdp hon
NT1. Sau thi nghiém kiém tra sy phan bd oxy hoa
tan trong bé voi NT1 va NT2 cho thiy ca hai hé
théng suc khi cho hiéu qua suc khi 6n dinh va phan
bd didu lwong oxy & cac vi tri trong bé. Ngoai ra, do
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sau 30 cm va 60 cm két qua do DO khong co sy
chénh Iéch qua 16n gilta cac gia tri do, giad tri DO
diéu trén 7,0 mg/L cua NTI va trén 6,0 mg/L cua
NT2 & ca 5 vi tri do gan dung vdi nghién ciru cia
Therrien et al. (2019) khong c6 su khac biét qua 16n
vé nong do oxy hoa tan & cac o sau khac nhau.

Tuy nhién, d§ sdu 5 cm cécl} mit nude cho két
qua chénh Iéch ¢ gia tri DO xap xi 8,0 mg/L cao
hon 1,0 mg/L so v&i d6 sau 30 cm, 60 cm ching
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minh c6 su khac biét vé nong d6 oxy & cac do sau
khéc nhau dac biét 1a ¢ vi tri gdn mat nude.

DO (sau thoi gian suc khi 140 phut) 1an luot dat
6,0 mg/L, 5,5 mg/L, 5,7 mg/L, 5,6 mg/L va 5,6 mg/L
o NT1 so véi 5,3 mg/L, 4,9 mg/L, 5,2 mg/L, 4,9
mg/L va 5,2 mg/L & NT2, sy chénh 1éch trong
khoang 0,35 — 0,7 mg/L tuong ty ¢ cac vi tri 1, 2,
3,4 va5. Gia tri DO (sau thoi gian suc khi 240 phut)
& NT1 tiép tuc cao hon NT2 va Iy do giai thich da
duogc trinh bay & muc 3.1.1.
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Hinh 7. Biéu dd thé hi¢n ndng dd oxy hoa tan (DO) tai 5 vi tri khac nhau trong bé ¢ d sdu 60 cm cach
mat nuéc sau 240 phut suc khi

3.2. Hiéu suét truyén oxy trong nuéc

Xet theo timg d¢ séu khac nhau tuong ty nhu ¢
ndi dung ki€ém tra phan phoi khi cta hai nghiém thirc
(Bang 1, 2, 3).

*D9 sdu 5 cm

Két qua tinh toan cho hé s6 Kla20msx = 3,11 & vi
tri 56 4 va Kla20min = 0,92 & d6 sau 5 cm tai vi tri 50
2 cua NT1; K1a20mdx =1,90vi tri ) 5va KlaZOmm
=0,99 & vi tri s6 3 ctia NT2, hé sb truyén OXy t6i da
cua NT1 cao hon so v6i NT2 chimg t6 hé thong cap
khi bang 6ng venturi truyén oxy vao nudc tot hon
nho tao ra cac bot khi kich thudc siéu nho
(Wiraputra et al., 2016, Stoppatoa et al., 2023). Gia
tri trung binh ctia K1a20 = 1,75 & NT1 cao hon so
voi 1,25 6 NT2.

Thong s6 SOTRmax = 0,01 kgOa/h ¢ vi tri s6 5 va
SOTRumin = 3,1x107 kgOy/h & vi tri s§ 2 cua NT1
van cao hon s0 v6i SOTRmax = 6,4x103kgOh & vi
tri $6 5 va SOTRmin = 3,3x10°kgOy/h & vi tri 86 3
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cho thdy hiéu suét truyén oxy vao nudc cia Ong
venturi kha tét, chénh 1éch x4p xi 4x1073 kgOy/h ctia
2 vi tri cho gié tri tinh toan cao nhit. SOTR wung binh =
6x107 kgOy/h cia NT1 van cao hon so véi gia tri
trung binh cta NT2 chi dat 4x10~* kgO,/h.

Thong s6 SAEmax = 0,08 kgOo/kWh & vi tri s6 5
ctia NT1 thip hon 5o v&i SAEma = 0,18 kgO2/kWh
ctia NT2, chénh léch xap xi 0,1 kgO»/kWh vi ban
chat thong s dic trung cho lugng oxy truyén dugc
vao nudc trong mét kWh dién 1y thuyét (hiéu suat
suc khi tiéu chudn) khac so véi thuc té vi & NT1 chi
suc khi véi luu luong 5,0 — 6,0 L khi/phut trong khi
0 NT2 la 65 L khi/phut.

Ngoai ra, nhi¢ém vu chinh cua may bom nudéc 1a
day nude va ban chat viéc tron khi qua dng venturi
chi 1a mot qua trinh gian tiép trong luc day nudc cia
may bom khi nudc di qua doan co hep cua dng
venturi thi ap suat giam dudi ap suét khi quyén (1,0
atm) va khong khi bi hit vao mot cach thu dong.
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Bang 1. Tinh toan cc thong sé khuéch tin oxy trong nwéc & do siu 5 cm

D6 sdu cach mit nuwée 5 cc

TT Théng sb NT1 NT2
Thip nhit Trung binh _Cao nhit  Thip nhit Trung binh _Cao nhit
1 Kla20 0,92 1,75 3,11 0,99 1,25 1,9
2 SOTR (kgO2/h) 3,1x10°3 6x1073 0,01 3,3x1073 4x10°2 6,4x1073
3 SAE (kgO2/kWh) 0,02 0,05 0,08 0,09 0,12 0,18

% D6 siu 30 em duoc tao ra ye‘l hoa tan ,V.’;lO mdi truong nudc nudc
: ma khong ndi 1én ctua ong venturi, SOTR qrung binh =
Thong s6 Kla20ma = 3,16 & vi tri s6 5 ciia NT1 6x107 kgOy/h cia NTI cao hon so véi 4x107°
cao hon Kla20m.x = 1,93 cua NT2 ¢ cung vi tri. kgOo/h ciia NT2.
Kla20runghion = 1,82 cita NTI tiep tye cao hon so véi Thong 56 SAEms = 0,08 kgOykWh & vi tri s 5
1,26 cua NT2, chénh l¢ch khoang 0,5. Chtng t6 hiéu , £ L _

z A X x r aa A cua NT1 thap hon so v&i SAEmax = 0,19 kgO»/kWh
suat truyén oxy 6 NT1 van cao hon NT2 640 sau 30 . N7 va gid trj trung binh SAE ctia NTI = 0,05
om céch mat nuéc. kgO,/kWh tiép tuc thap hon 0,12 kgOy/kWh cua

Thong s6 SOTRpmax = 0,01 kgOy/h & vi tri s6 5 NT2, Iy do di duoc giai thich & phan so sanh thong
cta NT1 cao hon 50 v6i SOTR pax = 6,5x103kgO,/h sb tuong ty & do sdu 5 cm.
cua NT2 nho vao cac bot khi kich thudc si€u nhod

Bang 2. Tinh todn cic thong sé khuéch tin oxy trong nuéc & d9 sau 30 cm

D6 sdu cach mit nuée 30 cm

TT Théng sb NT1 NT2
Thip nhit Trung binh __Cao nhit Thip nhit Trung binh _Cao nhit
1 Kla20 0,93 1,82 3,16 0,88 1,26 1,93
2 SOTR (kgO2/h) 3,3x10°° 6x1073 0,01 2,9x1073 4x1073 6,5x10°2
3 SAE (kgO2/kWh) 0,03 0,05 0,08 0,08 0,12 0,19

PN chénh 1éch xap xi 0,1 kgO,/kWh, gia tri trung binh
* D siu 60 cm SAE oi NT2 vin a0 hon e0a NT1 6 d6 sau 60 cm,
Két qua so sanh tuong ty nhu & d6 sau 5 va 30 chénh 1&ch 0,14 kgO,/kWh.

cm. Hé $6 Kla20max = 4,23 va gia tri SOTRmax = 0,01

kgOo/kWh & vi tri s6 5 cia NT1 cao hon so véi hé

50 Kla20max = 1,96 va SOTRmax = 6,6x1073 kgOo/h

ctia NT2 & cung vi tri. Thong sd Kla20trung binh = 1,89

O NT1 tiép tuc cao hon 1,28 & NT2 va SOTRrung binh

Két qua tinh toan h¢ $6 Kla20, hai thong )
SOTR, SAE va so sanh cac gia tri cao nhét va thép
nhét gitta NT1 va NT2 cho théy hiéu suét tmyén oxy
cua NT1 lq()n cao hoq so v6i NT2 qua hé s6 K1a20
- . ,, va thong s0 SOTR. Doi vai thong so SAE thi nguoc
= 6x107kgOo/h tiep tyc cao hon 4x107 kgOrhcia |, o) lu%mg khi cAp ciia NT1 1ho hom 50 v6i NT2 v
NT2. « IO \ . .

cap khi chi la qua trinh phu cua may bom nudc do

Thong $6 SAEmax = 0,19 kgO2/kWh ctia NT2 cao su gian tiép hut khi khi day nuée qua doan co hep.

hon so voi SAEmsx = 0,09 kgO,/kWh cia NTI,

Bing 3. Tinh toan cac thong sé khuéch tan oxy trong nwéc & d sau 60 cm

Do sdu cach mit nwée 60 cm

TT Théng sb NT1 NT2
Thap nhat Trung binh Cao nhiat Thip nhit Trung binh Cao nhat
1 Kla20 1,09 1,89 4,23 0,97 1,28 1,96
2 SOTR (kgO2/h) 3,7x1073 6x107 0,01 3,2x1073 4x1073 6,5x1073
3  SAE (kgO2/kWh) 0,03 0,05 0,09 0,09 0,12 0,19

Thong $6 SOTRumax = 0,02 kgOx/h va SAEma =
, 0,6 kgO»/kW/h cta (TN1); thong $6 SOTRmax = 0,3
K&t qua nghién ctru cua Yadav et al. (2021) — kgOo/h va SAEm.x = 0,3 kgOo/kWh ciia (TN2) cao
(TN1) va Dange and Warkhedkar (2023) — (TN2) hon 50 v&i SOTR max = 0,01 kgOa/h va SAEmax= 0,09
cho két qud tinh toan hai théng s6 SOTR va SAE kgO»/kWh trong thi nghiém nay.
cao hon so vo6i thi nghiém trén.

3.3. So sanh véi cac nghién ciru khac
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Két qua tinh toan thong s6 SOTRmax VA SAEmax
cua hai thi nghiém TN1 va TN2 cao hon so véi thi
nghiém nay duoc giai thich vi lién quan dén cong
sudt may bom. Cu thé, may bom (TN1) c6 cong suat
230 V- 9,5 A va TN2 ¢ cong suat 430 V —2,56 A
cao hon so v6i 220 V — 1,55 A trong thi nghiém nay.

Ngoai ra, trong thi nghiém cua (TN1) va (TN2)
ngudn nude may duoe sir dung va bd sung hai hoa
chat natri sunfit — Na,SOs; (10 mg/L) va coban
clorua - CoCL; (0,1 mg/L) v6i myc dich giam DO
vé dudi 0,5 mg/L thay vi sir dung ngudn nudc mit
lay tr kénh co6 yéu tb sinh hoc va hoéa hoc can thiép
vao lugng oxy hoa tan duge cung cap trong sudt thoi
gian thu nghiém.

Tuy nhién, gid tri SOTR chénh 1éch khong 16n
khoang 0,01 kgOy/h ddi véi thi nghiém cta (TN1).
Mot luu y, mac du hai thong s6 SOTR va SAE trong
thi nghiém diéu thap hon so véi TN1 va TN2, nhung
hé s6 truyén oxy Kla20 tbi da trén 3 cao hon so voi
chi 2,58 trong thi nghiém cua (TN2) va 1,4 — 2,3
trong thi nghiém cua (TN1), chimg minh viéc bb tri
thi nghiém ctia dng venturi vi cong sut may bom
220 V — 1,55 A v6i hai voi phun trong thir nghiém
trén van cung cap mot lugng oxy hoa tan 6n dinh va
lién tuc trong moi truong bi can kiét oxy.
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4. KET LUAN

Hiéu qua cung cp (OXy vao trong mdi trudng
nudc clia ong venturi két hop hai voi phun cao hon
hodc tuong duwong véi may nén khi két hop da sii
bot. Gia tri DOmax = 8,0 mg/L ciia NT1 cao hon so
v6i NT2, céc thong s6 khac nhu hé s6 Kl1a20, SOTR
vaSAE déu cao hon so véi NT2. Thiét b ¢6 sir dung
ong venturi dé suc khi hoan toan c6 kha nang duoc
Gng dung dé cung cép du lugng oxy hoa tan on dinh,
phan bd dong déu va lién tuc theo timg d6 sau khac
nhau trong bé ctia hé thong suc khi lam thoang chira
nuée thai 6 nhiém. Tuy nhién, nghién ctru con han
ché & viéc chua xac dinh duoc cac yéu td tac dong
dén ndng d6 oxy hoa tan khac nhu: nhiét do, TDS,
TSS, COD, BOD, Coliform,...

Trong tuwong lai, nhiéu nghién ctru vé yéu td vat
ly can dugc thyc hién thém nhu: cong sudt may
bom, d¢ dai duong 6ng dan nudc; yéu td vat 1y —hoa
hoc: nhiét do, chit ran lo lung, chét hoat dong bé
mat, ... nham phan tich chuyén sau thém sy tic dong
clia cac yéu t6 nay dén hiéu suit truyén oxy vao moi
truong nude thai cia éng venturi.

and potential applications. Current Opinion in
Colloid & Interface Science, 54, 101455.
https://doi.org/10.1016/j.cocis.2021.101455.

Hamad, F. A., Pun, K., Alessio, B., Najim, S. A.,
Ganesan, P. B., & Hughes, D. (2023).
Experimental measurements on the microbubble
characteristics and dissolved oxygen (DO) in
water using single and twin — Venturi type
microbubble generators. Chemical Engineering
Science 280, 118994.
https://doi.org/10.1016/j.ces.2023.118994

Jiang, L. M., Chen, L., Zhou, Z., Sun, D., Li, Y.,
Zhang, M., Liu, Y., Du, S., Chen, G., & Yao, J.
(2020). Fouling characterization and aeration
performance recovery of fine - pore diffusers
operated for 10 years in a full-scale wastewater
treatment plant. Bioresource Technology, 307,
123197.
https://doi.org/10.1016/j.biortech.2020.123197.

Lee, J. (2020). The baseline mass transfer
coefficient: Water and Wastewater aeration
systems (1st ed). Cambridge Scholars
Publishing.

Li, H., Zhang, Q., Zeng, M., Cao, J., Zhao, Q., &
Hao, L. (2023). Insights into gas flow behavior
in venturi aerator by CFD-PBM model and
verification of its efficiency in sludge reduction


https://doi.org/10.1016/j.ces.2022.117693
https://doi.org/10.1016/j.ultsonch.2021.105860
https://doi.org/10.1021/acs.accounts.8b00606
https://doi.org/10.1016/j.cocis.2021.101455
https://doi.org/10.1016/j.biortech.2020.123197.

Tap chi Khoa hoc Dai hoc Can Tho

through O3 aeration. Journal of Water Process
Engineering, 54, 103960.
https://doi.org/10.1016/j.jwpe.2023.103960.

Movahed, S. M. A., & Sarmah, A. K. (2021). Global
trends and characteristics of nano- and micro-
bubbles research in environmental engineering
over the past two decades: A scientometric
analysis. Science of the Total Environment, 785,
147362.
https://doi.org/10.1016/j.scitotenv.2021.147362.

Rameshkumar, C., Senthilkumar, G., Subalakshmi,
R., & Gogoi, R. (2019). Generation and
characterization of nanobubbles by ionization
method for wastewater treatment. Desalination
and Water Treatment, /64, 98 — 101.
doi:10.5004/dwt.2019.24389.

Ramiro Escudero, G., José, E. G. H., & Martin. R.
P. (2022). CFD simulation of a venturi gas
bubbles generator in a water-air system.
International Journal of Software & Hardware
Research in Engineering, /0(1), 136 — 145.
ISSN-2347-4890.

Santos, E., Albuquerque, A., Lisboa, 1., Murray, P.,
& Ermis, H. (2022). Economic Assessment of
Energy Consumption in Wastewater Treatment
Plants: Applicability of Alternative Nature-
Based Technologies in Portugal. MDPI, Water,
14(13), 2042.
https://doi.org/10.3390/w14132042.

Schwarz, M., Behnisch, J., Trippel, J., Engelhart, M.
& Wagner, M. (2021). Oxygen Transfer in Two-
Stage Activated Sludge Wastewater Treatment
Plants. MDPI, Water, 13(14), 1964,
https://doi.org/10.3390/w13141964

Siatou, A., Manali, A. & Gikas, P. (2020). Energy
Consumption and Internal Distribution in
Activated Sludge Wastewater Treatment Plants
of Greece. MDPI, Water, 12(4), 1204,
https://doi.org/10.3390/w12041204

46

Tdp 61, S6 44 (2025): 36-46

Stoppatoa, A., Benatoa, A., Vannaa, F. D.,
Tassinato, G., & Nisato, F. (2023).
Hydrodynamic Cavitation for Pollutant
Treatment in the New Horizon of Green
Chemistry. Chemical Engineering Transactions,
99, 145 —150.
https://doi.org/10.3303/CET2399025.

Therrien, J. — D., Vanrolleghem, P. A., & Dorea, C.
C. (2019). Characterization of the performance
of venturi-based aeration devices for use in
wastewater treatment in low-resource settings.
Water SA, 45(2), 251 — 258.

Wiraputra, I. G. P. A. E., Edikresnha, D., Munir, M.
M., & Khairurrija. (2016). Generation of
Submicron Bubbles using Venturi Tubi Method.
Journal of Physics: Conference Series, 739,
012058. doi:10.1088/1742-6596/739/1/012058.

Yadav, A., Kumar, A., & Sarkar, S. (2021).
Performance evaluation of venturi aeration
system. Aquacultural Engineering, 93, 102156.
https://doi.org/10.1016/j.aquaeng.2021.102156.

Yaparatne, S., Doherty, Z. E., Magdaleno, A. L.,
Matula, E. E., MacRae, J. D., Garcia-Segura, S.,
& Apul, O. G. (2022). Effect of air nanobubbles
on oxygen transfer, oxygen uptake, and diversity
of aerobic microbial consortium in activated
sludge reactors. Bioresource Technology, 351,
127090.
https://doi.org/10.1016/j.biortech.2022.127090.

Zhang, M., Qiu, L., & Liu, G. (2020). Basic
characteristics and application of micro — nano
bubbles in water treatment. /OP Conf. Series:
Earth and Environmental Science, 510, 042050.
doi:10.1088/1755-1315/510/4/042050.

Zhang, Q., Zhao, X., Yin, J., & Sun, Z. (2023).
Micro-Nano Bubbles Conditioning Treatment of
Contaminated Sediment for Efficient Reduction:
Dehydration Characteristic and
Mechanism.MDPI, Water, 15, 1985.
https://doi.org/10.3390/w15111985.


https://doi.org/10.1016/j.jwpe.2023.103960
https://doi.org/10.1016/j.scitotenv.2021.147362
https://doi.org/10.3390/w14132042
https://doi.org/10.3390/w13141964
https://doi.org/10.3390/w12041204
https://doi.org/10.1016/j.aquaeng.2021.102156
https://doi.org/10.1016/j.biortech.2022.127090
https://doi.org/10.3390/w15111985

	1. GIỚI THIỆU
	2. PHƯƠNG PHÁP NGHIÊN CỨU
	2.1. Đối tượng nghiên cứu
	2.2. Mô hình thí nghiệm
	2.3. Vận hành mô hình

	3. KẾT QUẢ VÀ THẢO LUẬN
	3.1. Kiểm tra phân phối khí
	3.1.1. Độ sâu 5 cm cách mặt nước
	3.1.2. Độ sâu 30 cm cách mặt nước
	3.1.3. Độ sâu 60 cm cách mặt nước

	3.2. Hiệu suất truyền oxy trong nước
	3.3. So sánh với các nghiên cứu khác

	4. KẾT LUẬN

