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HE THONG CHUAN NONG 60 KHOI LUONG BUI (MANDUST)
THIET KE, CHE TAO, THU NGHIEM DAU RA CUA THAP TRON BUI PM

DUONG THANH NAM!, TRAN THI HOA!, TRAN SON TUNG!,

NGUYEN HOANG GIANG'
"Trung tdm Nghién ciiu va Chuyén giao Cong nghé
Vién Kiém dinh Cong nghé va Moéi trudng

Toém tit:

Nghién ciiu da thiét ké va xay dung cdc chi tiéu ddu ra cho hé thong chudn nong dé khéi luong bui
(ManDust ) dva trén nguyén ly hit mau Isokinetic. ManDust c6 kha ndng thich iing cao va tich hgp cdc
thiét bi c6 luu lugng lén dén 40 L/min. ManDust cho phép tao ra bui PM trong pham vi nong d¢ khoi
lugng tik 0 ug/m’ dén khodng 2000 ug/m? vdi sy phdin bé khong dong nhdt la 4,38 % trén toan bo khu vuc
ldy mau. Ngoai ra nghién ciiu ciing ddnh gid dé lap lai ciia 2 thiét bi do PM (TEOM 1405-D ciia Thermo
Scientific, Hoa Ky va Airborne 3900 ciia Kanomax, Nhit Ban) va phuong phép tham chiéu trong lugng (st
dung Leckel LVS3). Thii nghiém cho thdy rdng dé ldp lai cia cdc doi tugng dugc do nhé, do lép lai thu dugc
badng do léch chudn thic nghiém gdn véi dé lap lai cia thiét bi do tham chiéu.

Tii khéa: ManDust; Hé thong chudn bui; Bui PM, ; Bui PM, ; Kiém dinh thiét bi do bui PM, , PM,

25’

Ngay nhdn bai: 1/9/2023. Ngay stia chiia: 28/9/2023. Ngay duygat dang: 19/10/2023.

ManDust - Determination and Selection of the output
characteristics of the dust mixing tower with isokinetic sampling probe

Abstract:

In this study, we have designed and built output criteria for the dust mass concentration standard system
(ManDust) based on the Isokinetic sampling principle. ManDust is highly adaptable and accommodates
devices with flows up to 40 L/min. ManDust allows the generation of PM in the mass concentration range
from 0 ug/m’ to about 2000 ug/m’ with a heterogeneous distribution of 4.38 % over the entire sampling area.
In addition, the study also evaluated the repeatability of two PM measuring devices (TEOM 1405-D from
Thermo Scientific, USA and Airborne 3900 from Kanomax, Japan) and the weight reference method (using
Leckel LVS3). The test shows that the repeatability of the measured objects is small, the repeatability obtained
by the experimental standard deviation is close to the repeatability of the reference measuring device.
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Keywords: Mandust; Dust Reference System;
JEL Classifications: Q51, Q52, Q54, Q55.

1. DPAT VAN PE

Hat bui (PM) 1a théng s6 thiét yéu dé€ xac dinh chat
lugng mai trudong khong khi do tac dong tiéu cuc ctia nd
dén hé ho6 hdp va moi truong.

Noéng d6 khoi lugng bui PM (Particulate Matter) c6
thé dugc do bang nhiéu phuong phép khac nhau, bao gom
quang hoc (OPC), dém bui PM ngung tu (CPC), cin bang
dao ddng vi lugng (TEOM) va tham chiéu trong lugng.
Gan day, cac Truong Dai hoc va Vién Nghién ctiu da cai
tién, phat trién thiét bi d€ do ndng d6 bui PM véi d6 chinh
xéac va do phén giai cao hon. Cac hé thong chuén bui dang
dugc phat trién dé€ do luong cac dic tinh cta bui PM va
phuc vu viéc kiém dinh/hiéu chuén thiét bi do bui.

Buong chudn bui thudng két néi véi thiét bi do do
chinh xé4c cao d€ theo doi tinh chét ctia bui PM theo thoi
gian thuc. Tuy nhién, viéc ldy mau va van chuyén bui PM
tt budng chudn bui dén thiét bi do khong ludn ly tudng, cé
thé gy thay d6i ddc tinh ctia bui PM trudce khi do. Céc tac
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PM,; PM Verification; PM Calibration.

ddng nay c6 thé anh hudng dang ké dén do chinh xac ctia
do dic biét khi thiét bi da dugc hiéu chuin trudc do. Tac
ddng nay ciing phu thudc vao kich thudc hat, véi cac hat
nho va 16n bi anh hudéng khac nhau. D€ tranh két qua do
sai, hé thdng dau hut mau phai dugc t6i vu hda va cac dic
tinh ctia né phai dugc dic trung dé€ hiéu chinh d¢ chinh
xac ctia phép do.

Dbé khic phuc nhiing han ché nay nham giam thiéu t6i
da t6n thét hat, nghién ctu da thiét ké va ché tao hé thong
chudn ndng dé khoéi lugng bui v6i dong chay r6i (hon
loan) d€ déng nhét hat v6i ddu ra hat mau theo nguyén
ly Isokinetic. Pong thdi, nghién ctiu da st dung hé théng
chun nong d6 khéi lugng bui d€ danh gid thuc nghiém 02
thiét bi do PM (Airborne 3900 va TOEM 1405-D) vdi thiét
bi thu mau tham chiéu trong lugng duya trén cai loc trong
lugng cho PM,  va PM, . (quy dinh trong EN 12341 [1] va
EN 14907: 2005 [2]). Danh gia trong phong thi nghiém d6i
v6i cc thiét bi do PM thuong mai véi cac dic diém nhu do



ldp lai va d6 léch chuén cta thiét bi do. Nhiing dic diém
nay rat quan trong dé danh gid, ddm bao do tin céy cua
thiét bi do PM. Ngoai ra nghién ctiu cling tién hanh danh
gia d6 dong déu nong do bui tai vi tri 1y mau va d6 khong
dam bao gy ra bsi hé thong ldy mau.

Trong nghién ctiu nay sé trinh bay 3 phan: (1) phan
d4u, dua ra co s& khoa hoc, nguyén ly hoat dong dau ra ctia
thap tron bui PM; (2) phan hai, thiét ké va ché tao d4u ra
ctia thap tron bui PM; (3) phan ba, ddnh gid cac thiét bi do
bui PM trong hé théng chuin néng d6 khéi lugng bui véi
cac dau hut mau duogc dé xuit.

2. PHUONG PHAP THIET KE VA PANH GIA
PAU RA CUA THAP TRON BUI PM
2.1. Nguyén ly hit mdu ddng dong hoc (Isokinetic)
Viéc hit miu déng truc va ddng dong 1a cin thiét nhim
han ché sy that thoat hat. Dang truc c6 nghia la ddu hut
mau hudng thdng vao chuyén dong khong khi xung quanh
(hudng gid) ma khong cé do nghiéng, khi d6 géc hut la 00.
Trong qué trinh hit mau khong déng truc, cac hat c6 kich
thudce 16n khong thé di theo cac dudng cong di tit dau hat
mau (phéu) vao thiét bi do, dan dén viéc bo s6t bui PM [3].
Nguyén tic hut mau bui PM ddng dong hoc dugc gidi thich
trong Bang 2.1.

Bang 2.1. Hit mau bui ding dong (v_: vin t6c dong
chinh; v : vin toc dong mau)

o, o

L o, Ca

L 5> n"

Néu van t6c dong mau gidng

v6i van t6c dong chinh (v =v))
thi tt ca bui PM chay vé phia
dau hut mau déu dugce thu lai
nhu nhau.
Iso = tuong ty; kinetic = ning
lugng chuyén dong.

Néu van t6c dong méu qua thip
(v, <v,), bui PM ning c6 thé
xam nhép vao dau do ngay ca
khi dong chidy ma chung dugc
dit di qua ddu hut mau. Do d6,

qué nhiéu hat 16n dugc thu thap.

Néu van tdc dong mau qui cao
(v, >v), bui PM ning khong
thé bam vao dudng dong va cudi
cuing sé bo qua ddu hut méu. Vi
vay, qua it hat 16n dugc thu thap.

Hut mau ding dong yéu ciu van téc clia dong di vao
dau hit mau (dau do) phai gidng véi van toc clia dong dugc
hat mau tai vi tri 14y mau. Do do, ty 1é gitia dién tich dau
hut mau va dién tich thap tron phai béing ty 1é gitia téc do
dong chdy mau trong thap tron va tdc d6 dong chay tai dau
hut mdu. Chinh vi vy, ddu hut mau dang dong chinh xéc
rdt quan trong khi lién quan dén ban chat ctia mau can lay.
Diéu nay c6 thé khac vé6i cac chit long nhu hoi nudce bao
hoa, cling nhu phép do cic hat trong hoi nuéc (qua nhiét)
hodc céc tap chit trong cdc mau hydrocacbon.

Voi phun hodc diu thu, dugc dua vao mdt phan cta
dudng 6ng cho phép do dai dién cho mau can 1dy. Vi véy,
qué trinh hut mau cin phai tuyét do6i chinh xac. Sy khac
biét nho vé van téc dong chay gay ra su tich tu hodc tiéu tan
ctia cac hat, dan dén két qua do khong chinh xac.
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Phuong phap hut mau Isokinetic dugc stt dung vi hai
ly do:

- Céc hat c6 kich thudc nho (< 1 pm) dé dang bi cuén
vao trong dong khong khi. Tuy nhién, hut mau ding dong
Iuc hoc can thiét dé€ thu dugc cac hat co kich thudc 16n (>
5,0 um) do anh hudng béi quan tinh ngén khong cho cac
hat c6 kich thuéc 16n bi kéo vao dau hat mau.

- Tht hai, hit mau ddng dong lyc hoc ddm béo ring
cac hat di qua mét khu vyc nhét dinh trong mét khoang
thoi gian xdc dinh ma khong lam anh hudng dén duong
di ctia hat hodc khong khi xung quanh dau do (ttic la dong
chay ting).

Néu c6 nhiéu dong xung quanh diu vao thiét bi do ma
khong d4u thu Isokinetic, cac hat c¢6 kich thudc l6n (> 5,0
um) sé bi dédy trd lai dong khi trong thap tron bui PM ma
khong dugc thu vao dau vao ctia thiét bi do, dan dén sai s6
trong tinh toan nong d6 khéi lugng bui.

Viéc hut mau trong thap tron bui PM thuong dugc tién
hanh trong luéng khong khi hén loan hoéc trong cac khu
viic ludng khi phéan tang (Hinh 2.).

Lién quan dén
dong chay khong
huéng (ttc la khong
khi hén loan), nghién
ciu da thi nghiém
va khuyén cao nén st
dung cac dau thu ding
dong hoc trong cac khu
vic dong chay khong
huéng véi cac hat c6
kich thudc > 5,0 um. Néu khong c¢6 ddu do ding dong cic
hat > 5,0 pm c6 thé troi qua ddu vao va khong duge dém,
mic du chiing phai 1 mot phan ctia mau. Dau thu ding
dong cudn cac hat nay vao thiét bi do.

V€ mit toan hoc, van téc cua téc d6 dong chéy ctia b
dém hat (v ) phdi bang véan t6c clia cac hat va hodc khi khi
di vao dau thu isokinetic (v ). Hodcla, v _=v..

i

Dy chiy réd

Diang chay thag

Hinh 2.1. M6 td dong
chdy tdng va dong chdy réi

béi v6i dong chay khac
nhau thi dau hat mau sé ¢
1 ««. kich thuGc khac nhau:
| V6i phuong trinh trén v_
=0, duong kinh cta ddu hut
mau isokinetic sé thay déi tuy
thudc vao van toc ctia dong
khi cta thiét bi do bui PM.
Luu lugng dong di qua
d4u hat mau dugce tinh theo
cong thiic:

I
b

I

L

Hinh 2.2. Phéu hut
mau isokinetic

Q=v xS x3600 (2.1)

Trong do:

Q: Luu lugng dong di qua ddu hit mau (m*/h);
v : Vian toc tai vi tri dau hit mau (m/s);

S: Tiét dién ddu do (m):
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S=nx@/)? @2

d: Duong kinh ddu hiit mau (m).
Tt (2.1) va (2.2) cho théy:

4 x Q

d= 2.3
Jﬁn X 3,14 X 3600 @3

Khi van t6¢ hat mau cta thiét bi do bui PM nhé hon
van téc dau thu ding dong dugc tinh toan (v, <v), tlicla
st dung dau thu déng dong qua 16n, két qué mau sé c6 do
1éch cao (ttic 1a hut mau qué muc) do quén tinh cta cac hat
c6 kich thuéc 16n > 5pm.

Khi van t6c hit mau cta thiét bi do bui PM 16n hon
van t6c dau thu ding dong dugc tinh toan (v, >v), tlicla
st dung ddu thu ding dong qua nho, két qué bui PM sé c6
do chéch thép (tiic 12 hut miu dudi miic) vi cac hat c6 kich
thudc 16n sé ban ra khoi ludng khong khiva bo qua dau vao
ctia ddu hut miu ding dong.

Két qua nghién ctiu ctia Willeke va Baron, 2005 chi ra
rang: Hat mau trong khong khi yén tinh (v, < 0,5 m/s); Hut
mau trong khong khi chuyén dong cham (0,5 m/s <v_<1,5
m/s); Hat mau trong khong khi chuyén dong (v, > 1,5 m/s).

2.2. St dung thiét bi xdc dinh nong do khoi lugng
bui PM

Thiét bi trong ligng tham chiéu

Dé xac dinh néng do khoi lugng bui PM, va PM,
trong khong khi, hién cé nhiéu tiéu chudn quy dinh vé
phuong phap tham chiéu trong lugng nhu ISO 12141, EN
12341, EN 14907:2005, 40 CFR Part 50 va TCVN 5067. Tuy
nhién, trong nghién ctiu nay, tiéu chuin EN 12341 [1] dugc
dung d€ xac dinh nong do khéi lugng PM,  hodc PM,,
dang hat lo ling trong khong khi xung quanh bing cach
hat mau bui PM thong qua céi loc va dinh lugng bang can
phan tich.

St dung thiét bi thu mau tham chiéu trong lugng
Leckel LVS3 trong nghién ctiu d€ xac dinh nong do khéi
lugng bui PM, hodc PM, , tuong ty phuong phip dugc
mo ta trong tiéu chudn EN 12341:2014. Hoat dong & luu
lugng hat 6n dinh la 2,3 m*/h, trong khodng thai gian 24
gio. Két qua dugc biéu thi bing pg/m’. Trong d6, thé tich
khong khila thé tich & diéu kién moi trudng xung quanh
gan dau vao tai thoi diém hut mau.

Thiét bi can bang vi lugng gidm ddn (TOEM)

Phuiong tién do chudn (TEOM 1405-D Thermo Scientific,
Hoa Ky): Sti dung theo nguyén ly vi lugng dao dong giam
dan nghia 1a tinh toan khoi lugng dua trén su thay ddi tin
s6 khi céc hat dugc lang dong trén mot phan tt dao dong.

Viéc sti dung TEOM 1405-D lam phuong tién do chudn
trong nghién ctiu vi TOEM da dugc US-EPA chép thuan dé
do ndng do PM trong khong khi xung quanh va dugc tinh
toan trong céc diéu kién sau: Pham vi do: (0 - 1.000.000pg/
m®), d6 phan giai: 0,1 ug/m’ Téc do dong chdy qua dau
vao mau 16,7 L/min (1 m*/h); T6c d6 dong chady méu chinh
3 L/min (d6 chinh xdc + 2 ug/m’ (trong 1 giod); + 1 ug/m’
(trong 24 gio).
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Thiét bi dém hat quang hoc (OPC)

Nghién ctGu da st dung thiét bi Airborne 3900
(Kanomax, Nhat Ban) theo nguyén ly diode laser d€ phat
hién va do cac bui PM c¢6 kich thudc khac nhau (0,3; 0,5;
1,0; 3,0; 5,0 va 10 um) v6i téc do dong mau 1én t6i 28,33 L/
min. T6c dd dong mau c6 thé dugc dit trude tit 1 gidy dén
24 gio. Dong thoi, Airborne 3900 con c6 thé cung cdp cac
phép do do dm, 4p sudt, tdc do khong khi va nhiét do bang
cach st dung cac dau do cam bién.

2.3. Phuong phdp xit ly s6 liéu va ddnh gid két qud

Tiéu chudn EN 12341 ciing da chi ra rang can dugc st
dung phai cé chat lugng t6t, c6 thé dat dugc do khong dam
bao dé€ hiéu chudn < 25 pg cho dai tu (0 - 200 mg).

 Nong d6 khoi lugng bui PM tham chiéu (EN 12341 [1]):

m
Cm.ref = Nhom 7 (2.4)
Trong do:
Nyt PO dONg nhat ciia bui PM trong thdp tron byi PM;
m: Khoi lugng hat thu dugc trén cdi loc, ug;
V: Thé tich duoc hit mau, m’

r-aes (D) e

Trong do:

Q: Luu lugng bui PM qua cdi loc, m’/h;

t: Thoi gian hit mau (thoi gian do), h;

T1, P1, V1 la nhiét @6, dp sudt thiic té va thé tich tuong ving.
Theo diéu kién tiéu chudn V (T=0°C va P = 101,3 kPa)
« D) d6ng nhét ctia bui PM tai dau ra ctia hé théng chuin:

_ |Cirer = Girey|

= (2.6)
Nhom C

C, 5 Nong do bui tai cdc vi tri i trén cung mdt phdng tiét
dién thu mau, ug/m’;

Cof Nélng d6 bui tai cdc vi tri j trén ciing mdt phdng tiét
dién thu mau, ug/m’;

C: Nong dj trung binh tai cdc diém do, ug/m’.

DKDB do gdy ra bdi do phdan bd dong nhdt cia bui PM:

_ |Ciref - erefl

u = = 2.7
Nhom 2\/§C ( )
» Sai s6 phép do:
Cy — C,
§=—2_ """ 2 100% (2.8)
Cm,ref

&: Sai s6 tuong doi, %;

Cp: Gid tri doc trung binh ctia PTD nong d¢ bui can
kiém dinh, pg/m?%

Qm)ref): Gid tri doc trung binh cua PTD chudn néng do
bui, pg/m>.

bo lap lai:

+ Gia tri trung binh ctia n phép do [4]:

Zn: Y (2.9)
i=1

Y =

S|e=



+ D¢ 1éch chudn thuc nghiém ctia gid tri trung binh:

— n V)2
s(V)= (2000 o)

Trong do:

n: 86 ldn do

Y;: Gid tri do thiti

Y- Gid tri do trung binh

+ D¢ 1éch chudn tuong dai:

s(V)

RSD = ~ %X 100 (%) (2.11)

+ Do khong dam bao chuén:

u= s) (2.12)
Vn
Nghién ctu ciing da st dung chuong trinh tinh toan
tén that hat (PLC - Partice loss Calculator) [5] dua trén cac
moi quan hé ly thuyét va thuc nghiém d€ danh gid hiéu suét
ctia cac hé thong dau vao bui PM hién c6 hodc phat trién
cac hé thong méi.

3. THIET KE VA BO TRi THI NGHIEM

Thiét ké va ché tao ManDust gom 4 phén riéng biét: Hé
thong tao dong khi kho; Hé théng phan tan, tron bui PM;
Thap tron vdi cac ddu hit mau ding dong hoc (isokinetic);
Hé thong dau ra (phuong tién do va phuong tién do chudn).

{1 rﬁ S RCE
=3 e i e
e
o ' = &
i r.r e W e ST - T
a2 - (= |
& | ——
— —— e
Hinh 3.1. So d6 bé tri & it
thiét ké h¢ thong chudn ah F oS
ManDust ——

Trong qua trinh tht nghiém bui PM, bui PM dugc tao
ra bang mdy phét chdi quay va bom vao mot binh réng,
hoat dong nhu mét bd tach xody, dé€loai bd cac hat c6 kich
thu6c 16n nhét trén PM, . Néu mu6n hiéu chuin cho PM,,,
mot bo tic dong PM PM,, c6 thé dugc lap dat trude khi
bom bui PM vao by dong nhit véi luu lugng 20 L/min.

Théap tron bui PM la mdt hinh tru diing bang thép
khéng gi v6i nong do khoi lugng c6 thé diéu chinh tu vai ug/
m’ dén khoang 2000 pg/m’. Khong khi kho dugc loc va dua
vao thédp dong nhét véi t6c dd dong cd dinh 120 L/min, sau
dé dugc két hop véi bui PM thtt nghiém (PM, , PM, ) va
khi phéan tan qua 3 voi phun khi phan tan (20 L/min méi voi
phun). Téng Iuu lugng ctia cac dong khi va buyi 1a 200 L/min.

Vung 14y mau ndm & ha luu cta thdp tron va chita ba
phéu hat miu ding dong. Diéu kién ding dong hoc cin
thiét d€ ddm bao 14y mau dai dién va gidm thiéu tdn that
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cac hat 16n. Phéu hit mau dugc thiét ké c6 khé nang thich
tng véi téc dd dong chay cta cac b theo d6i PM tu dong
khéc nhau va cé thé dé dang théo 1ap tliy thudc vao thiét bi
do PM can thti nghiém.

Cudi cuing, dong bui PM du thiia thoat ra khoi thép trén
bui PM thong qua 16 xa nhu minh hoa trong Hinh 3.1.

Nghién ctiu nay nhdm dénh gia su dong déu ctia nong
d6 khoi lugng bui PM tai d4u ra ctia thap tron bang cach so
sanh n6ng d6 bui PM tai cac vi tri khéc nhau. Hai dudng
14y mau song song dugc st dung, dua vao thap troén & do
cao thudng dat cac dau do ldy mau. Pudng ldy mau dau tién
dugc ¢6 dinh 6 tAm ctia thap tron (vi tri a), trong khi dudng
14y mau thi hai dugc dét & cac vi tri b va c véi khoang cach i
= - 47 mm va + 47 mm d4i v6i tim. D4u ra ciia mdi dudng
14y méau dugc két ndi véi thiét bi dém hat ngung tu da dugc
hiéu chuén (Airborne 3900, Kanomax). Sy dong déu cua
ndéng d6 bui PM da dugc do tai ba vi tri khac nhau doc theo
duong kinh (a, b, ¢) ctia thap tron.

Dbanh gia d¢ lap lai két qua cua phuong tién do dya trén
két qua ldp lai 6 1an (mdi lan do trong 6 gio) tai diém nong
d6 (50, 200, 500) pg/m’. 2 thiét bi do PM (TEOM 1405-D,
Thermo Scientific, Hoa Ky; Airborne 3900, Kanomax, Nhat
Ban) da dugc st dung trong danh gia nay.

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Kich thuéc va ché tao ddu hit mau ddng déng hoc
(Isokinetic) cia ManDust

Van t6c cua dong khi trong thép trén bui PM dugc
coi nhu vén t6c ctia khong khi trong diéu kién mdi trudng
xung quanh (khong khi yén tinh, v, < 0,5 m/s) va gid tri
thyc té trung binh do dugclav =v = 0,46 m/s.

Tu (2.3), nghién ctu tinh dugc dudng kinh dau do
mau theo tiéu chudn isokinetic ciia mét s6 luu lugng hat
tiéu biéu dugc trinh bay trong Bang 3.1.

Bang 3.1. Puong kinh ctia mot sd dau hit mau tiéu biéu
"Thé tich hiit mau Dudng kinh Dudng kinh

(m3/h) trong ly thuyét (mm) trong thuc t& (mm)
1,0 28

TT

1,7 36

1
2 38(9)
3 23 42

4

3,0 48 50 (*
(*) Chénh léch 2 mm gitia dudng kinh trong ((1))7 thuyét
va thuc t€) ctia ManDust 1a do d6 day thanh phéu (day
khodng 1 mm).

Piu ra hut mau cta thép tron bui PM dé xuit thu
nghiém v6i mot s6 luu lugng tiéu biéu 16,67 L/min (TOEM
1405-D), 28,33 L/min (Airborne 3900), 38,33 L/min (thiét
bi thu mau tham chiéu trong lugng).

Dau ra hut mau dugc lam bang vt liéu Inox SUS304,
khoéng bi an mon, dan dién nhu thép khong gi. Pudng kinh
16 ra 9 mm, dudng kinh 16 vao: (28, 36, 42, 48) mm, chiéu dai
voi: 50 mm, dung sai ctia phéu: 0,062 um, dung sai goc: + 1°.

Nong do khéi lugng
bui PM do dugc tai vi tri
trung tdm va st dung lam
tham chiéu (C = C ). Bing
cach tinh toan 4o léch
chuidn ctia 3 cgp di liéu
do, do khong dong nhit

Hinh 3.2. Ddu hut mdu
theo isokinetic
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trong khong gian ctia bui PM vé nong do dugc tim thay la
khoang 2,54 % d6i v6i hé s6 bao pht k = 2 (ttic la d¢ tin cay
95 %). Diéu nay dugc st dung lam udc lugng cho d6 khong
dam bao do ctia do dong nhat trong khéng gian ctia bui PM
.., (Bang 3.2).

Nguén do khong dam bao do ctia hé thdng chuén dugc
thiét lap, c6 tinh dén cdc d6 khong dam bao thong ké gay ra
bdi su khong dong nhét ctia khong gian bui PM tai vi tri lay
mau, t6n thét hat c6 thé xdy ra do su khuéch tan va va dap
ctia 6ng ldy mau, luu lugng bui PM qua céi loc bui dugc do
bang dong ho do luu lugng da dugc hiéu chudn, kiém soat
bing MFC va can dién tit. PM, | ¢ nong do 600 pg/m’, do
khong dam bao do mé rong cta hé théng chuin ndng do
khoi lugng bui (ManDust) dugc xac dinh 1a 5,98 % (d¢ tin

cdy 95%).
2 A A A 2 2 ) N A
Bang 3.2. Ngu6n d¢ khong dam bao do cua nong do
Ko
khoi lugng PM, |
Nguon giy ra PV Két qua Két qua Két qua
i 6 khéng dim bio do Kyhiéu | 1o ihuyét | thucté DKDBD
1 Thoi gian hit mau t 7200 min | 7200 min |Khong déng ké
D¢ déng nhit cta bui PM tai déu ra o o
2 ctia ManDust Thom 0% 1,27 %
3 Luu lugng hut ai loc bui Q 38,333 38,141 L/mi 1,25 %
u lugng hut qua cdi loc bui L/min 5 ‘min 125 %
4 Do 1ap lai cia ManDust uAref | 600 pg/m* | 587 ug/m* 10 pg/m’
5 D6 lap lai cia PTD uA 600 pg/m*® | 601 pg/m?* 12,5 ug/m?*
6 D6 phén gidi cia ManDust ures 0,1 pg/m’ 0,0289 pg/m’
N 18 pg/m’
7 DKDB do t6ng hop uc (2,99 %)
A _ 35 pg/m’
8 DKDB do mé rong (k=2) U (5,98 %)

Dii liéu vé d6 khong dong nhit vé nong do trong khong
gian ctia bui PM tai vi tri 14y mau dugc thé hién trong Hinh
3.3. Midc du d6 dong nhat trong khong gian ctia bui PM tai
cic cdp vitriavab, a va ¢, b va c 1a khac nhau, nhung tat
ca khong hon 5,1 % va gia tri trung binh la 4,38 %. Két qua
nghién ctiu nay phu hop véi cac nghién ctiu trudc do, su
dong déu trong khong gian ctia bui PM vé nong d6 s6 dugc
tim thdy 13 1,3 % d6i v6i hé s6 bao pha k = 1 (ttic la mc
tin ciy 68 %) hodc 2,6 % d6i véi k = 2 ( tic la d6 tin cdy 95
%) trong nghién ctiu ctia Horender (2020) [6], khong qua
8 % trong cong bo ctia [7]. Pay ciing la mét thong s6 quan
trong chua dugc danh gia nghiém ngét, néu & tat ca, trong
cac nehién ctiu tai phone trude dav (181: [91: [101: [111: [121.

LIl

Hinh 3.3. D¢ dong déu ddu ra cua thap tron hat '

gitia cdc vi tri do

3.3. D khong dam bdo do do ton thit hat giy ra
bdi hé thong ldy mau

T6n that hat do khuéch tan dugc tinh dén trén dudng
di ctia bui PM tui d4u vao ldy mau dén vung phat hién hat
(laser, cailoc), dac biét1a d6i véi cac bui PM c6 kich thuée
nho. Tén thit bui PM phu thuc vao kich thuéc hat, chiéu
dai va ban chat ctia 6ng va t6c do dong l4y mau va dugc

A
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hiéu chinh khi tinh todn ndng d¢ hat trong phép do tham
chiéu bang céch stt dung phuong trinh 2.6 cho su xAm
nhap tuong d6i dugc cung cép trong nghién ctiu [13].

Vi viéc 14y mau dugc thuc hién véi cic dau do ldy mau
dang dong hoc, cic 6ng dan dén gid do cai loc va 6ng dan
dugc giti thing, cang ngdn cang t4t, nén gidm thiéu thét
thoat hat. Su xam nhép cta hat Prel dugc dét thanh 1, tuy
nhién, do khong dam bao do1a 2 % dugc chi dinh 1a nguyén
nhén dan dén t6n thét do tac ddng ctia cac hat siéu vi lugng
trong phéu &y mau ctia phuong phap chuin do luu lugng
14y mau cao hon [5]. Nhiing t6n thit nay & mét muic d6 nao
d6 dugc chong lai boi tn thit khuéch tén thdp hon ctia cic
hat siéu nho, giam khi luu lugng 14y mau ting lén.

Béng phidn mém PLC igor 8 pro, nghién ctiu da tinh
toan dugc hiéu qué thAm nhép ctia hat vao phéu hut mau
v6i cac luu lugng khac nhau (Hinh 3.4 - Hinh 3.5). Déi vé6i
dau hat mau luu lugng 28,33 L/min, hiéu qua thdm nhép
cua cic bui PM, . 12 94 %, PM 12 97 %. Doi v6i dau hat
mau luu lugng 33,8 L/min, hiéu qua thdm nhip ctia cic bui
PM, 1291 %, PM, 12 98 %.

Hinh 3.4. Hiéu qud tham Hinh 3.5. Hiéu qud thim

nhap hat ciia phéu hiit mau  nhdp hat ciia phéu hit mau
lvu lugng 28,33 L/min luu higng 38,33 L/min

3.4. Két qua xdc dinh dé ldp lai

Dii liéu d0 lap lai thu dugc dugc thé hién trong Hinh
3.6 cho thdy, khi nong d6 thiét ké 1a 50 ug/m?, két qué thu
dugc ctia thiét bi hiéu chuin va thiét bi tham chiéu lan lugt
14 (44,79 + 49,52) pg/m’ (thiét bi thu mau tham chiéu trong
luong), (43,29 + 47,79) pg/m* (TEOM 1405-D), (38,27 +
43,16) pug/m*® (Airborne 3900) va d¢ léch chuén tuong déi
dugc tinh todn ctia thiét bi do chuén, thiét bi dugc hiéu
chuin 1an luot 1a 3,36 %; 4,96 % 5,05 %.

60
50 £ j: °

E
&
2
= 40
=
A 30 —o—TOEM 1405D
z Airborne 3900
o 20
k) —&—Trong luong
2
<5 10
Z

0

1 2 3 4 5 6 7

Lén tthir
Hinh 3.6. D§ ldp lai cua cdc thiét bi do bui tai diém
nong do 50 ug/m’

Ngoai ra, nghién ctiu cting tht nghiém véi 2 néng do
thiét ké khac 1a 200 pg/m® va 500 pg/m’, két qua thé hién
trong Bang 3.3.



Bang 3.3. D¢ léch chuin cua cac phuong phap do tai
diém ndng d¢ dugc thiét lap

Gid tri none do Gid trindng d PM, ||  D§ léch chuidn
T Thiét bi e f o/m) thuc t& tuong d6i

™ ap (. (ug/m) %)
o 50 45,08 £ 5,42 4,96
1 ﬁg}g ?%TESA;[ 200 194,40 £ 5,42 2,79
ermo 500 492,97 % 6,64 135
N 50 40,95 £ 2,06 5,05
2 T‘;‘;&g‘(g" :‘;50):)“3 200 191,37 £ 6,22 3,25
anoma 500 490,29 + 7,16 1,46
e o 50 47,55 £1,60 3,36
3 Th‘;ti},’ ' :};“nmf:;:dm 200 197,72 £ 3,67 1,86
chieu trong uong 500 496,20 % 5,85 1,18
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Hinh 3.7. D§ ldp lai ctia cdc thiét bi do bui
tai diém nong do 200 ug/m’
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Hinh 3.8. D¢ ldp lai ctia cdc thiét bi do bui
tai diém nong do 500 ug/m’

Quan sét cho théy, d6 ldp lai cta thiét bi hiéu chudn va
tham chiéu khong qua 5 %. Cac thiét bi tht nghiém c6 do
ldp lai t6t, ddc biét 1a & noéng do 50 pg/m’. Trong qua trinh
danh gia d¢ ldp lai ctia thiét bi do [14] mot s6 nghién ctu
nhén thdy rdng, khi d¢ ldp lai ctia cic d6i tugng dugc do
cang nho cang tot, d6 ldp lai thu dugc bang d6 léch chuin
thuc nghiém sé gin véi do ldp lai cta thiét bi do ludng tiéu
chudn, dit liéu sé chinh x4c va dang tin ciy hon.

4. KET LUAN

Thuc nghiém xac dinh dic tinh d4u ra cia ManDust
bang céc phéu thu miu ddng dong hoc nén gidm thiéu t6i
da t6n thit ling dong cta hat do cic qua trinh khuéch tan,
va dap, tinh dién. Hé th6ng 14y mau ding dong luc c6 kha
nang thich ting cao va cé thé phit hgp véi cic thiét bi c6 luu
lugng 1én dén 40 L/min. Hi¢u qué tham nhap cta dau hat
mau dugc dat > 91 % d6i véi bui PM, , va > 97 % doi véi bui
PM, . Su phan b6 khong dong nhat 1a 4,38 % trén toan bo
khu vyc 14y mau. Thi nghiém danh gia d6 1dp lai cho thay
rang d6 1dp lai ctia cac déi tugng dugc do nhd, do ldp lai
thu dugc bang d6 léch chuén thuc nghiém gan véi do lap
lai ctia thiét bi do tham chiéum

Léi cdm on: Tap thé tdc gid tran trong cdm on Vi Khoa
hoc va Cong nghé, By Tai nguyén va Moéi trudng da phé duyét
va ho trg kinh phi dé thuc hié¢n Dé tai “Nghién ciiu, ché tao
Hé thong chudn phuc vu kiém dinh/hiéu chudn thiét bi do bui
trong moi trudng khong khi” vdi ma s6 TNMT.2021.996.01.
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