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Tém tit

Ngay nay, moi truong lam viéc ciua cong nhan, ky
sw dang ngay cang dwoc quan tam hon. Cac hé
thdng can dugc thiét ké sao cho dam bdo diéu kién
théng thodng khi, giam siw anh hieong ciia tiéng on
va nhiét @6 tir hé thong mdy méc t6i cong nhan.
Trong nghién ciru nay chiing t6i khdo sat cac yéu
16 trén bang phwong phdp mé phong théng qua
viée gidi cdc bai todn vé dong chay bao quanh vit
thé, hién twong lan truyén am thanh va nhiét do.
Tir cde két qud thu dwoc chiing t6i cé thé danh gid
va dwa ra cdc gidi phap nham giam thiéu tiéng on,
ting hiéu sudt ciia hé thong théng gio.

T khéa: Déng chay bao vt thé, hé thong thong
gio, lan truyén am thanh.

Abstract

Nowadays, working environment is the one of
important issue in factory. Ventilation system is
designed for satisfied requirements of fluid flow in
factory, decrease effect of noise from mechanic
system. We examine the interaction problem
between the flow through an object and the
phenomenon of generating and propagating noise
in the factory. According to the results we offer
some solutions to reduce noise, improve efficiency
of ventilation system.

Keywords: Fluid flow,
acoustic propagation

ventilation  system,

1. Gioi thiéu

Ngay nay, ngay cang c6 nhiéu nha may dugc xay
dung kéo theo nhu cau nhan cong lao dong ciing ngay
cang tang thém. Tir d6 cac yéu td vé su an toan va
thoai mai trong qua trinh 1am viéc cta cong nhan cling
ngdy cang dugc quan tdm hon. Tiéng 6n va su thong
thoang trong nha may 1a mot trong nhimg yéu td quan
trong anh huodng téi hiéu qua cong vige va suc khoe
clia cong nhan trong nha may. Viéc tiép xtic véi tiéng
on 16n trong qua trinh 1am viéc sé tao cam giac khong

thoai mai, néu tiép xuc trong thoi gian dai c6 thé gay
hai t6i kha nang nghe ciia cong nhan. Bén canh d6 yéu
t6 thong thoang khi trong nha may s& dam bao mirc
nhiét do 6n dinh, tao cam giac thoai mai cho cong
nhan khi 1am viéc. Hién nay khi tién hanh xay dung
nha may céac thong sb trén duoc tinh toan bang nhiéu
cach khac nhau nhu: Po dac thyc nghiém [1], mo6
phong s6 [2]. Trong mdi phuong phap déu c6 cac uu
nhugc diém khac nhau. Phuong phap do dac thuc
nghiém cho két qua chinh xac theo dia hinh, bd tri
trong nha méay. Phuong phap nay dua ra duoc két qua
vé cAu truc dong chay, mirc cuong do 4m, nhiét do tai
c4c vi tri trong nha may. Cac két qua thu duoc c6 thé
duogc ing dung trong qua trinh thiét ké, xay dung nha
may. Tuy nhién, phuong phap nay doi hoi chi phi thuc
hién cao, may moéc hién dai va ) lugng nhan cong
thuc hién 16n. Vi su phat trién ciia may tinh ngay nay
cho phép chiing ta ¢ thé khao sat dong chay, tiéng on
va nhiét d6 lan truyén trong nha may tir d6 dua ra
nhing cai tién phtt hgp nham han ché t6i da anh huong
clia cac yéu t6 nay t6i cong nhan lam viéc trong nha
may. Bén canh d6 phuong phap mo phong gitp ching
ta thuc hién tién loi hon, c6 két qua nhanh hon va tiét
kiém hon so v&i cac thir nghiém thyc té. M6 hinh nha
may dugc st dung trong m6 phong nay l1a nha may
Haast Ha Nam (Hinh 1).

Hinh 1. Hinh inh thyc té ciia nha mday Haast Hi Nam

2. Phuwong phap mé phong sb

Dé thyc hién md phong lan truyén dong chay, nhiét
d6 va am thanh trong nha may chiing t6i d st dung phan
mém md phong Simcenter STAR CCM+ va m6 hinh nha
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may Haast tai Ha Nam. Tt viéc mo phong chuing t6i dua
ra cac dit lidu vé phan b van tdc, ap suét ciia dong chay,
lan truyén 4m thanh va nhiét do tir cac thiét bi. Thong
qua d6 dua ra cac két luan vé nguyén nhan, mirc do anh
hudng va dé xuat mot sb giai phap.

2.1. Phwong trinh biéu dién dong chdy

Phuong trinh RANS 1a phuong trinh biéu dién
dong chay trong khong gian theo thoi gian, dugc mo
ta bang phuong trinh sau [4]:

L=F- ,9radp +vAi + S grad(divi) (1)

Trong d6: u - La vén téc dong chay; F - La luc
khéi; p - La khéi luong riéng chét long; v - La do
nhot dong hoc; A - Latoan tir Laplas; 7 - La thoi gian.

Véi diéu kién ban ban dau la dong chay rdi, dau
vao tu do, md hinh rdi K-Omega dugc lya chon dé
giai cac phuong trinh chuyén dong cua dong khi trong
nha may. Ngoai ra mo hinh SST K-Omega (Shear
Stress Transport) ciing duoc sira dung dé mo ta chinh
xé4c hon dong chay ¢ gan va xa tudng. SST K Omega
1a mot mo hinh két hop gitra K-Omega va K-Epsilon
tan dung dugc vu diém cta 2 mé hinh:

- M6 hinh K-Omega rat thich hop dé mo phong
dong chay trong 16p phu nhét;

- M6 hinh K-Epsilon 1y twéng dé du doan hanh vi
cua dong chay ¢ cac vung cach xa birc tuong.

2.2. Phwong trinh biéu dién lan truyén nhiét dp

Truyén nhiét 14 sy trao d6i nhiét luong giita cac
moi chét ¢ nhiét do khac nhau. Qué trinh trao d6i nhiét
dién ra theo hudng truyén nhiét ning tir néi c6 nhiét
d6 cao dén noi co nhiét 6 thap cho dén khi nhiét do
dugc can bang thi ngimg lai.

Truyén nhiét duoc tdn tai dudi ba hinh thirc: Dan
nhiét, d6i lru va bie xa nhiét.

Trong STAR-CCMH, sy truyén nhiét trong khong
khi dugc tinh toan dya trén phuong trinh nang lugng
trong chét 16ng. Phuong trinh ning luong trong chét
long duoc viét dudi dang [5]:

aithpEdV+gﬁApHv da=-6,q" -da+
¢, T-vda+ [ f,-vdV + 4,3, h;jda+ [ S,dV

2

Trong d6: E - La tong ning lwong; H - La tong
enthalpy; ¢"- La vector thong lugng nhiét; T - La
(g suat cing nhét; v - La véc to van toc; f, - La
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véc to luc khoi; h; - La enthalpy thanh phan; j; - La
dong khuéch tan thanh phan; S, - La ngudn nhiét.

Téng ning lugng lién quan dén tong enthalpy H:
=yg-2
E=H p 3)
Trong dé:
2
H=h+" )

V6i h la enthalpy tinh.
2.3. Phuong trinh biéu dién lan truyén am thanh

Phuong trinh xac dinh van tdc Am thanh [6]:

ap = /YRT, (5)

Trong d6: a, - La van toc lan truyén cta am
thanh; y - La chi s6 doan nhiét hay ty s6 nhiét dung
& vung ap suat khong d6i dbi véi nhiét dung va o thé
tich khong d6i ddi véi chat luu; R - La hang s khi
phé quat; T, - La nhiét do cua ving khong gian lan
truyén (don vi Kelvin).

Dbi v6i moi truong khong khi 293K, van tdc 4m
thanh 1a 343,2 m/s

Ap suét am thanh 1a su thay di cuc b ap suat tir ap
suat moi truong tham chiéu ma séng 4m thanh gay ra.

Mirc 4p suit 4m thanh (Sound Pressure Level) trén
tan sb (tinh bang Hz) 1a thudc do logarit ciia 4p suat
4m thanh hiéu dung so véi gié tri tham chiéu va dugc
do bang decibel (dB):

SPL = 20.1og ("’rm) (dB) ©6)

Prmf

Trong d0: Pyms - La cin bac hai 4p sudt am thanh
tai vi tri khdo sat; p,.,r - La gia tri ap suat am thanh
tham chiéu (gia tri thuong dung 12 20uPa).

Cuong d6 am 1a nang luong cua séng 4m truyén
qua mot don vi dién tich dugc dat vudng goc voi
phuong truyén am. Pon vi W /m?.

=5 () g

Trong d6: P(W) - La cong sut phat 4m ctia ngudn;
S(m?) - La dién tich mat vuéng goc véi phuong truyén
am (v6isong cau thi S 1a dién tich mat cau S= 4mR?).

Mirc cudng do am 1a dai lugng dung dé so sanh
cuong d6 am I (cudng do am tai 1 diém nao do) véi
cuong d6 am chuan.

L=101logq, (i) (dB) (8)

Trong do6: 1 - La cudng do am tai diém khao sat;

I, - La cudng do 4m tham chiéu (thuong dung la
10712 (W /m?).
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2.4. M6 hinh hinh hoc va luei

M5 hinh hinh hoc dwoc dung truc tiép trong phan
mém Star-CCM+ dya trén ban vé kich thude va hinh
anh thyc t& cia nha may.

Bing 1. Thong sé ciia nha mdy
120 Dai x 80 Rong x
10,85 Cao (m)

Kich thuéc nha may

Kich thuéc 6 cira thong 1,62 x 1,55 (m)

gi6 (x4)

Bing 2. 86 ligu lwdi
S6 6 ludi 2,349,093
S6 ludi bé mat 6,921,428
Sb diém ludi 2,942,434

bbb

T

T

Hinh 2. Hinh inh mét cit lndi trong va ngodi nha mdy

Hinh 3. Hinh dnh lwéi khu viee may

Hinh 4. Vi tri cac thiét bi trong nha mdy

Luéi duge lam min tai cac vi tri tuong va vung
khong gian xung quanh cac thiét bj dé tinh toan chinh
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Xé4c qua trinh lan truyén cua nhiét do, tiéng on va kha
nang hap thy va phan xa 4m thanh tai vi tri trdng bao
(Hinh 2, 3, 4).

Trong nghién cuu nay, quat thong gié dugc thay
bang mé hinh dia 0. Dé phu hop véi cac dic tinh cua
canh quat thong gié chung t6i lya chon phuong phap
dia ao Blade Element. Cac thong sb cai dat duogc liét
ké theo Bang 3.

Bing 3. Thong sé ciia dia do cho quat thong gié

Tinh chat Gia tri
S6 canh 6
Béan kinh trong 0,05m
Ban kinh ngoai 0,6m
Do day 0,1m
Vin toc goc cua dia 150rad/s
Normaized Span (r/R) Twist data
0 0
1 -0.13963

Simcenter STAR-CCM+

\

Hinh 5. Vi tri cdc quat thong gio

~m

Hinh 6. Cic bé mdt bién trong moé phong

Vi tri cta cac quat thong gio duoc bd tri dung véi
thuc t& nha may va duoc biéu dién ¢ Hinh 5.

Diéu kién bién tai cac bé mat dugc biéu dién trong
Béng 4 véi chii thich cac bé mat bién bang mau sac &
Hinh 6. Hé s6 hap thu am tai cac bién tuong 13 0,05.
3. Két qua va thao ludn
3.1. Két qud dong chdy trong nha mdy

Sau khi thuc hién cac qua trinh tao ludi, chon cac
diéu kién vat Ii cho timg dbi twong, mé phong thu dugce
cac két qua vé trudng van toc, ap suit ctia dong chay.

Véi van tde goc 150rad/s, dong khi sau quat thong
gi6 c6 thé dat t6i van téc 27m/s. Cu tric dong chay
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trong nha may (Hinh 9) cho thiy dwoc sy luu thong
khi tir trong ra ngoai nha may. Tuy nhién su luu thong
khong khi gitta cac khu vuc dat thiét bi van chua dat
hiéu qua cao. Nguyén nhén tdi tir viée bd tri cac hé
thdng thong gio. Cac hé thong thong gié duoc dit &
cac vi tri tudng trai va phai, dong khi & ving nay bi
can lai boi chinh cac thiét bi dan t6i hiéu nang luu
thong khi thap. Tir cac két qua trén cho thay can thiét
mot thiét bi thong gié hudng vudng goc khu vuc giita

hai hang thiét bi dé tang hiéu suat luu thong khong khi.

Bing 4. Piéu ki¢n bién

Bién Loai diéu ki€n bién

Bién dong vao (mau do) Velocity Inlet

Bién dong ra (mau xanh) Pressure Outlet

Bé& mit xung quanh mién khao
I S . . Pressure Outlet
sat (bé mat dwoc lam mo)

Bién mit dat va tuong bao
Wall

nha may (mau xam)

CE-Group@HUST

g

1111
Pl

—r

Solution Time 1.44 (s) L 1

Hinh 7. Dong chdy tai cdac vi tri ddt quat thong gio

CE-Group#tUST CE-GroupatiUST

G g i b i
o C B sotvtion Tmedslah - ®
CE-Group#fUST

g )

) Rat i
luton TenGRN = L = Ll

Hinh 8 Truong vin toc tai quat thong gié theo thoi gian
3.2. Két qud lan truyén nhiét dp

Két qua & Hinh 10 va Hinh 11 cho biét sy phan bd
va truyén nhiét luong tir cac thiét bi. Nhiét do 16n nhat
tai bé mit cua thiét bi 1a 423K (150°C), trong khu vuc
lam viéc cuia cong nhan van hanh (cach thiét bi 2 m)
nhiét do dat tir 330K (57°C) t6i 419K (146°C). Két qua
cho théy murc nhiét do tai khu vie lam viée chua tot.
Mirc nhiét d9 nay co thé dugc cai thién hon béng viéc
tang kha nang luu thong khong khi & khu vuc nay.
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(a)

(©

(d)
Hinh 9. Trwong vin toc bén trong nha mdy
theo thoi gian: (a) 20s, (b) 45s, (c) 70s, (d) 94s

3.3. Két qud lan truyén Gm thanh

Ap suit 4m thanh tir cac thiét bi lan truyén trong
khong gian dat gia tri 16n nhat 13 0,89Pa tai cac vi tri
gitra hai hang dat thiét bi lam viéc. Gia tri nay giam
dan & ving khong gian cang xa thiét bi. Tir cac thong
s6 mtc cuong do am thu duoc, hé théng cho ra murc
cuong d¢ tai cac vi tri trong nha dé danh gia mirc do
on khi thiét bi hoat dong. Dya vao hinh anh phan bd
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L0

A LA

DH

Hinh 10. Phén bé nhigt dp toan nha mdy

b
Solution Time 94.1 (s) - . R

Hinh 11. Lan truyén nhiét dp do mdy téa ra

Bdng 5. Gioi han nghe va mirc dj anh hwong

Mirc | Giéi han

c1:’0;ng thoi gian Mirc do 4Anh hwéng

do Aam | nghe an

(dB) toan

S10 | KBONE | e bi anh huong
gi6i han

> 60 12 gio | Gay kho chiu

> 85 8 gio | Ratkho chiu

> 88 4 gio Nguy co gidm thinh giac

>91 2 gio Nguy co gidm thinh giac

> 94 1 gio Nguy co giam thinh giac

> 97 30 phat | Nguy co giam thinh giac

> 100 | 15phat | Tén thuong thinh giac

> 106 | 7,5phat | Ton thuong thinh giac

>109 | 2phat | Mat thinh giac

>112 | 1phat | Mat thinh giac

> 130 | Ophat | Gaydaudén, nguy hiém

muc cuong d¢ am trong Bang 5 [7], khu vuc ¢ giira
hai hang thiét bi dat gia tri 16n nhét (74,3dB). So sanh
v6i danh gia mirc cuong d am trén toan nha may
(Hinh 12), mirc cudng do am tai vi tri xung quanh thiét
bi tuy chua gay anh huong ngay téi suc khoe cong
nhan nhung tiéng On nay ciing gdy kho chiu va mét
moi cho cong nhan. Néu tiép xtc thoi gian dai co thé
anh hudng tiéu cuc tdi thinh gic.

Mtc cuong do tai cac phong lam viéc dao dong tir
35+70 (dB). Vi mirc cudng do 4m nay s& gay tiéng on
twong d6i 16n cho nguoi 1am viée trong phong, dic biét
ddi voi cac phong 1a viée ngay sat vi tri cac may hoat

ddng. Tir 6 can gia ting kha nang hap thy am cia tuong
xung quanh cac phong lam viéc hodc gia tang khoang
gilta cac phong lam viéc va khu vyc dat thiét bi.

Hinh 13. Phén bé mirc cwong dp am xung quanh

nha mdy

Hinh 14. Dé thi sai sé (Residual)

Hinh 13 biéu dién phan bé muc cuong d6 4m xung
quanh nha may. Mitc cuong do 4m 16n nhét & xung
quanh nha may 13 63,2dB. Dbi véi mirc cuong do am
nay khong giy anh hudng 16n tdi cac hoat dong &
ngoai nha may. Dan cu sinh séng xung quanh nha may
khong bi anh huéng boi tiéng 6n khi cac thiét bi trong
nha may hoat dong.

Céc gia trj trong d6 thi sai s (Hinh 14) déu héi ty.
Gia trj sai s clia cdc phuong trinh lién tuc, phuong trinh
nang luong, phuong trinh dong luong dao dong tur
khoang 3 x 1072 dn 3 x 1073. C4c gi4 tri sai s trén
14 nhé cho thdy dé tin cay cao ctia két qua mo phong.

4. Két luan

Céc van dé vé dong chay, lan truyén nhiét, tiéng
dn trong nha may da dugc nghién ctiru bing phuong
phap mé phong sb théng qua cac phwong phép tinh
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toan dong chay bao quanh vt thé, cac phuong trinh
lan truyén nhiét va 4m thanh. Két qua mé phong cho
biét truong vén tdc, ap sudt trong nha may, phan bd
nhiét do va lan truyén tiéng on tir cac thiét bi. Cac két
qua vé cau trac dong chay trong nha may, muc nhiét
d9 tai tung vi tri giup xac dinh duogc chinh xac céc vi
tri can ldp dat hé thong thong gio, can b sung thém
hé thong théng gi6 & vi tri doc theo dan thiét bi, hé s6
hép thu 4m cén thiét tai mdi khu vuc tuong. Bén canh
d6, nghién cuu cling chi ra dugc muc d¢ anh hudng
clia tiéng 6n trong nha may t6i cac khu vuc dan cu
xung quanh, tir d6 c6 phuong an danh gia va bd tri nha
may & vi tri phit hop, han ché anh huong toi cac khu
vuc dan cu lan can. Cac thong s6 vé& murc nhiét do,
mirc cudng d6 am trong nha may cho thay mét sb khu
vuc lam viéc xung quanh cac thiét bi chua dam bao an
toan va nam ngoai mirc cuong do am dugc khuyén
nghi trong Bang 5, tir 6 can b tri cac vi tri thiét bi
thich hop va co cac bién canh bao 1am viéc can thiét.
M5 hinh md phong sb trong nghién ctru nay dugc img
dung trong viéc thiét ké, bé tri cac phong lam viéc,
thiét bi va hé thong thong gi6 sao cho ti wu nhat, tao
su thoai mai toi da cho cong nhan lam viéc.
Lo&i cdm on

Nghién ctru nay duoc tai trg boi Truong Dai hoc
Bach khoa Ha Noi, dé tai ma sé T2021-PC-040.
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