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CO KHI

AP DUNG PHUONG PHAP MO PHONG SO VA THU'C NGHIEM XAC PINH
TRUONG VAN TOC DONG CHAY SAU QUAT HUONG TRUC
APPLICATION OF NUMERICAL SIMULATION AND EXPERIMENTAL
METHODS FOR DETERMINING THE AIRFLOW VELOCITY FIELD
DOWNSTREAM OF AN AXIAL FAN

Ding Vii Dinh"’, L& Vin Loi’
"Trueomg Pai hoc Mo -Dia chat, Ha Néi, Viét Nam
*Vién Co khi Nang lirong va Mo- Vinacomin
Tém tit: Phuong phap do toc 4o dong khong khi phia sau quat huéng truc bang phuong phap day nong
dang duoc ap dung phd bién hién nay. Tuy nhién, viéc dua ra ké hoach do dam bao do chinh xac dong
khong khi phai sau canh quat rat quan trong, cu thé: xac dinh vi tri dau do cua thiét bi, khoang cach dau
do so v6i quat, huéng dong khong khi sau quat,. ... Dé xac dinh hudng dong khong khi thoat ra khoi quat,
nghién ctru sir dung mo phong CFD trén mé hinh thir nghiém dugc thiét ké theo tiéu chuan ISO 5801,
Thong qua md phong sé CFD cho thay khi thay d6i luu lugng hit vao hop (bang cach thay doi duong
kinh ctra hut d,mm), goc thoat dong khong khi sau canh quat s& thay doi. Hiéu suét 16n nhat ctia quat sir
dung trong nghién ctru ndy dat duoc tuong tmg v6i dudng kinh ctra hut d = 267 mm, & toe d6 quay quat
2000 vong/phit. Goc thoat dong khi ra khéi quat duoc xac dinh o = 45 + 5° va duoc sir dung dé lam
phuong an do thue nghiém trén bé thir. Két qua nghién ctru cho phép xay dung phuong an do véan toc phia
ha luu quat cling nhu vi tri ddt dau do cua thiét bi trong trudng hop niy.
Tir khéa: Quat hudng truc, phirong phdp déy néng, CFD, vén téc, khu vuc ha lieu
Abstract: The hot-wire anemometry method is currently widely applied for measuring airflow
velocity downstream of axial fans. However, establishing a measurement plan that ensures the
accuracy of airflow measurements downstream of the fan is of great importance, including
determining the probe position, the distance between the probe and the fan, and the airflow direction
downstream of the fan. To determine the airflow discharge direction from the fan, this study employed
CFD simulation based on a test model designed according to the ISO 5801 standard. CFD numerical
simulation results indicate that when the suction flow rate into the chamber is changed (by varying
the inlet diameter d, mm), the airflow discharge angle downstream of the fan blades also changes.
The maximum efficiency of the fan used in this study was achieved at an inlet diameter of d = 267
mm and a fan rotational speed of 2000 rpm. The airflow discharge angle from the fan was determined
as o =45 £ 5°, which was then used as the experimental measurement scheme on the test bench. The
research results provide a basis for establishing an airflow velocity measurement method downstream

of the fan, as well as determining the appropriate probe position under these conditions.
Keywords: axial fan, hot-wire anemometry, CFD, velocity, downstream region.
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1. GIOI THIEU

Hién nay c6 nhiéu phuong phép do toc
do gié voi quat hudng truc: dung may do gié
dién tor, dung ong Pi t6 [1]. Nhitng phuong
phap nay chi phu hop do véi toc do dong
khong khi toc do thap, duong dong 6n dinh
hoic dung dé kiém tra nhanh. Trén thyc té
nhitng dong chay nhiéu loan (dong khong khi
& trang thai chay rbi) hodc trong mot sb
truong hop dong khong khi ra khéi quat
khong song song véi truc lap quat diéu nay
dan dén gi4 tri van téc do dugc khong phan
anh duogc ban chat cia dong khong khi khi ra
khéi quat. Do do, da c6 nhiing nghién cuu,
cai tién trong phuong phap do dé phu hop véi
viéc xac dinh toc d6 gid 16n cling nhu xac
dinh dugc xu hudng cua dong khong khi phia
sau quat (khu vuc ha luu quat). Phuong phap
xéac dinh téc do dong khi duoc dé xuét trong
nghién ctu nay la “phuwong phap day nong -
hot wire method”. Tuy thudc vao moi truong
do trong nudc hodac khong khi s€ co6 nhiing
thay doi phu hop [2,3]. Nhiéu nha khoa hoc
da c6 nhirng nghién ctru chuyén sau lam sang
t6 cu trac cua dong khong khi (quat), cdu
truc dong chady (bom). Trong gidi han cua
nghién cuu ndy chung toi dé cap dén loai may
do tdc 6 dong khi dang day nong (loai 1 day)
day 1a thiét bi dugc sir dung tuong ddi phd
bién va phit hop dé do sy nhiéu loan ciing nhur
xac dinh tdc do cua dong khong khi (hodc
chat 1ong) [4,5].

Mbt van dé quan trong nhu di dé cap ¢
trén, mot sb truong hop do do chénh léch ap
suét tinh (bén trong hop) va ap sut khi quyén
lam dong khong khi di ra khéi quat khong
song song v6i truc 1ap quat. Do vy dé c6 thé
xéac dinh duge van tde hodc vung nhiéu dong
16n nhat sau quat thi can phai xac dinh duoc

vi trf cling nhu goc dat (dau do) cua thiét bi
do. Do vay, trén co sé cua phuong phap nay,
nghién ctru d4 tap trung giai quyét nhitng van
dé sau:

+ Bude 1: Xay dung mo hinh thyc
nghiém

+ Budc 2: Xac dinh xu hudng dong
khong khi ¢ khu vire ha luu quat bang phuong
phap mo phong s6 (goc thoat ciia dong khong
khi)

+ Budc 3: Xac dinh vj tri, goc dat dau
do cua thiét bi

+ Budc 4: Xay dung ké hoach do thir
nghi¢m

+ Bué6c 5: Tién hanh do trén bé thir
nghi¢m khi dong hoc
2. GIOI THIEU PHUONG PHAP DAY
NONG VA BE THU NGHIEM DONG
HOC
2.1. Gioi thiéu phwong phap do vin toc
b&ng phwong phdap ddy nong (hot wire
method)

Phuong phép nay st dung hi¢u ung
Joule dé nung nong mot soi day rit mong
gitra hai dién cuc. Soi day luon duoc gitr ¢
nhiét do khong doi béng mach ciu
wheatstone bridge va kha ning thay dbi dién
tr¢ theo cac tdc dong bén ngoai. Trén co s&
do6 cho phép ta xac dinh duogc van tdc dong
khi qua soi day (dau do).

Pau do day nong dugc thiét ké dé do
tdc do cua chét khi ¢ trang thai khong 6n dinh
vi n6 cho phép thu dugc phan ing nhanh lén
dén 50 kHz. Vat liéu ciu thanh soi day duoc
chon ¢6 dién tr¢ riéng 16n ciing nhu do bén
co hoc tot & nhiét d6 cao nhu vonfram, bach
kim. D61 khi n6 dugc phu mot 16p thach anh
bao vé rat mong. DAi v6i hau hét cac dau do,
kich thudce theo chiéu dai do tir 0,5 dén 2 mm
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ty thudc vao mirc d6 quan trong cua nhiéu
loan ma ching ta muén do va dy c6 dudng
kinh khoang Sum. Day dugc han diém vao

cac chan duoc 1am bang thép khong gi dé
tang tudi tho ciia ching.

T

s Hal-wire probe

Q=1(U Tk p u,u

Flow CTA amenon

5, Servo amplifier

Whelatstone bridge

AD converter

Linearization

Time series  Data
analysis

[ B e

F‘h“
ﬂ"ﬂmn,

Day manh

2

Tbe d6 dong khi

Dong dién

P

Hinh 1. Nguyén Iy lam viéc ciia thiét bi

Ban chat ciia phuong phéap nay tuan
theo nguyén 1y vat 1y, cu thé 1a hién tuong
ddi luu cudng btrc va su bién thién cua dién
tré suat R ctia day toc theo ham sb cuia nhiét
do, Hinh 2.

Déi L =] v =
cudng btic l 1
X

e

h
Hinh 2. Co 56 Iy thuyét cia thiét bi do xdc
dinh vén téc dong khéng khi

suft khéng ddi

7 _‘ } Pién tré cong
p

Trong nghién ctru cuia Shekhter, M.
Bouvard va nnk [6,7] st dung 1y thuyét cia
King:

UZ=A+B.V%

Trong d6: U 1a hiéu dién thé giira hai
dau cuc (Von); V 1a téc do dong khong khi
(m/s); A, B 1a cac hing s duoc xac dinh bang
phudng phap hiéu chuan thiét bi (A biéu thi

cho d6i luu tu do, B biéu thi cho ddi luu
cudng brc).

Hiéu dién thé giita hai dau do duogc

xac dinh :
U= /A +BVV

2.2. Gidi thi¢u bé thir nghiém khi dong hoc
va phwong phap xdc dinh trwong vin toc
cua quat hudng truc

Trong nghién ctru nay canh quat duogc
ché tao dya trén bién dang canh NACA 65,
chiéu day canh 4mm, ban kinh chan canh 1a
65.5 mm, ban kinh dinh canh 179 mm. B¢ thir
nghiém dong hoc quat dugc xay dung theo
tiéu chudn 5801, phong thi nghiém co hoc
chat 1ong (Duyn Fluid, Phap) [8]. Hop c6 kich
thude 1800x1300x1300 mm, dudong kinh tai
vi tri lip quat (2) 1a 420 mm. Pé thay ddi luu
luong dong khong khi vao hop ta thay doi
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duong kinh ctra hat d (mm) bang 1, tai vi tri
(5).
Bdng 1. Duwong kinh cira hut
d (mm)
238 | 267 | 300 | 336 | 375

Hinh 3. B¢ thir nghiém tiéu chuin 5801
1- Bong co dén dong, 2 - canh quat, 3 - vi

tri do dp sudt tinh trong hép, 4 - hdp, 5 - cira
hiit, 6 - bé phdn én dinh dong chay, 7 - gid
do.

Dé xac dinh truong van tdc ctia dong
khong khi ¢ khu vuc ha luu quat, mot chién
lwge do duoc thiét 1ap. Piém dat dau do theo
phuong phap day noéng duogc xac dinh theo
hai yéu t5. Thtr nhit, xac dinh khoang cach
dit dau do (theo phuong z), diém nay s& duoc
xac dinh thong qua phéan tich qua trinh mo
phong sb CFD. Van tc quay ciia quat cang
16n thi dong khong khi thoét ra cang gan canh
quat cang nhiéu loan, diéu nay s& anh huong
16n dén d¢ chinh xéc do. Thir hai diém dit
theo phuong x, diém nay bat dau tir 0 mm
(twrong g gia tri r=65.5 mm) dén 113.5 mm
(twong tmg R = 179 mm). Bang cach thay d6i
vi trf ciia dau do béng hé théng DANTEC 3D
dé quét theo phuong (z) va phuong ban kinh
(1/R). Céc diém do tiép theo duoc xac dinh
v6i bude t = 7.5 mm, ta c6 tt ca la 11 diém
do theo phuong /R va theo phuong z tuong

g tir 0 dén 240 voi bude t; =20 mm,

Hinh 4.

Bdng 2. Vi tri hwong truc trong khu vuce do

Vi tri hudéng truc Z (mm)

3169 12|15 |18 |21 | 24
ojo0ojo0oy 0] 0] 0| O0]O
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Hinh 4. So' d6 do vin téc dong chdy 6 ha
lwu quat huong truc
3. MO HINH HOA BE THU NGHIEM
KHi PONG HQC
3.1 M6 hinh héa bé thir nghigm
Qua trinh mé hinh hoéa nham muc dich
thiét 14p mé hinh mé phong dé xac dinh cau

truc cting nhu xu hudéng dong khong khi sau
khi di qua canh quat. Cu thé & day tdc d6 quay
cua quat st dung trong nghién ctru nay la
2000 vong/phut, duong kinh ctra hut dugc
thay d6i theo Bang 1. Trén co s bé thu
nghiém dugc gidi thiéu trén Hinh 3, bé thi
nghiém dwoc mo hinh héa trén phan mém
NX12 va m6 hinh b¢ thir nghi€ém duoc chia
thanh ba khdi: khdi dong khong khi hut vao
hop, khdi quay 2 (canh quat) va khdi dong
khong khi ra khoi hop, Hinh 5.
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Canh guat = ~ Ddng khéng khi'v

Dang khéng khi ra

Hinh 5. M6 hinh hoa bé thw nghiém

3.2 Chia lwoi cho mé hinh mé phong

Mo hinh dugc chia luéi trén phan mém
chuyén dung Gambit. M6 hinh dugc chia lam
ba phan nhu giéi thiéu Hinh 6, trong d6 phan
quay (canh quat) va phan sau canh 1 phan
quan trong nhat. Do d6, ludi chia trong khu
vuc nay dugc cai dat nho hon (ludi min hon)
so voi khu vuc con lai.

Khéi hop

Khéi céanh quat
Hinh 6. Chia lwoi cho mo hinh

Trén co s6 mo hinh da dugc xay dung,
qua trinh m6 phdng dugc thuc hién trén phén

mém Star CCM+. Chia lu6i cho mé hinh
duoc gidi thidu trén hinh 6. Bé dam bao phan
anh chinh x4c tinh chat chuyén dong cua
dong khong khi trong hop, ngoai hdp va dac
biét viing lip dit canh quat thi chat lugng luéi
cling nhu k¥ thuat chia lu6i phai dugec xem
xét ky ludng. Véi mo hinh nay khéi quan
trong (khdi canh quat va khéi ra) duoc tinh
chinh voi kich thudce Iwdi min hon so véi khu
vuc khdi hop. Cu thé, s6 luong ludi & khdi
vao hop 3194462, khdi canh quat 14 2607419,
khéi ra khoi canh quat s6 lwong ludi 929356.

Hién nay mét s6 mo hinh mo phong
dong nhiéu loan khong khi nhu: Standard k -
€, Wilcox k - o, SST k - . Trong nghién su
dung mé hinh SSTk - o dé giai quyét bai toan
nay. M6 hinh dong chay réi SST k - o 1a sy
két hop cta dong chay rdi k - o tiéu chuan va
mé hinh k - €. Viéc két hop nhiéu phuong
trinh mo phong cho phép xac dinh twong ddi
chinh x4c dong nhiéu loan ngay ca véi trudng
hop dong khi c6 hoac khong c6 gradient ap
suat bat loi.

Diéu kién bién tinh toan, md phong
CFD: duong kinh ctra hut d (mm) trong Bang
1, téc d6 vong quay dong co 2000 vong/phut
(quay theo phuong z, hinh 4), ap suét dau ra
P = 0 Pa. D& dam béao do chinh xac cua két
qud md phdng, tiéu chuan hdi tu duoc ap
dung la 10'6.9 . .
4. KET QUA VA THAO LUAN
4.1. Két qui mé phong s6

Qué trinh chay mo6 phong 6n dinh véi

thoi gian trung binh khong qua 16n. Két qua
mo phong duoc thé hién trén hinh 7.
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Van téc dong khi vdid = 375 mm Ap suét dong khivéid =375 mm

Vén toc dong khi vdi d = 336 mm Ap sudt dong khi vdid = 336 mm

Ap sudt dong khi vdi d = 300 mm

Vén téc dong khi vdid = 267 mm Ap sudt dong khi véid = 267 mm
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Vén téc dong khi véid = 238 mm Ap sudt dong khi vdi d = 238 mm

Hinh 7. Hinh dnh mé phéng dong vin téc va dp sudt twong irng véi dwong kinh civa hiit d
(mm)

Vén dé quan tdm & nghién ctru nay 13 viéc xac dinh duoc goc dit dau do rat quan trong.
Thong qua qua trinh moé phong sé CED cho phép xac dinh duoc goc thoat dong khong khi (o) &
khu vuc ha luu ctia quat, Hinh 8. Piéu nay cho thiy ring tuong Gng véi ting duong kinh cira hit
khac nhau thi géc thoat cia dong khong khi phia sau canh quat khac nhau. Do d6, phuong dat cua

dau do s& quyét dinh do chinh x4c ciia truong khong khi phia ha luu quat.
o o T W T

Hinh 8. Vin toc dong khong khi sau cinh Hinh 9. Vin toc dong khéng khi sau cdnh

quat tuwongung voi duong kinh cira hut d = quat twong veng voi dwong kinh cira hut d =
267 mm 375 mm

Theo két qua mo phong, dong khi thoat ra sau quat véi goc khoang o = 45° (tuong g véi
d =267 mm), khi tinh dén d6 sai sb gdc thoat duge xac dinh o = 45°+5°. Thuc té nghién ctru cho
thdy ngay ca khi gia tri nay thay doi cong hodc trir 5°, thi diéu nay ciing khong 1am thay d6i nhiéu
két qua vi chung ta vin nam trong giéi han hinh nén véi goc quay 20°, khi d6 cac phép do van
duoc dam bao. Két qua nay dugc dé xuét lam co s& dé dat dau do cua thiét bi duge gidi thi¢u trén
hinh 10. V&i trudong hop duong kinh cira hut d = 375 mm, vén téc dong khong khi thoat ra sau
canh quat gan nhu song song vdi truc o = 0, Hinh 9.
4.2. Két qua xdc dinh vin toc trén b¢ thir nghiém dgng hoc

Trong nghién ciru nay chi dé cap dén truong hop xéac dinh truong van toc dong khong sau
quat v6i dudng kinh ctra hit d = 267 mm, day 14 truong hop cho hiéu suat quat 16n nhat. Trén co
so xac dinh dugc goc dit dau do thiét bi (theo phuong phap day nong), ké hoach do da duoc dwa
ra: dau do bat dau dat ¢ vi tri 0 twong ng r = 65.5 mm sau d6 dau do dich chuyén theo phuong
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huéng kinh véi bude t = 7.5 mm dén r = 179 mm va theo phuong z tir 0 - 240 mm v&i bude

t; =20 mm.
Thiét bi do Canh quat

Két qua thuc nghiém xéac dinh duoc 0.8. Két qua nghién ctru nay thé hién tuong
truong vén tdc ctia dong khong khi thoat ra & dbi chinh xac truong van tdc theo phuong
khu vuc ving ha luu quat huéng truc thé hién huéng kinh cta canh quat. Diéu nay cho thay
trong Hinh 11. Véi toc do quay canh quat do tin cdy gitra két qua mod phong s6 hinh 7
2000 vong/phit, van tdc 16n nhit duoc xac va két qué thuc nghiém trén bé thir nghiém
dinh 1a 12,6 m/s, tuong Umg véi vi tri /R = Hinh 11.

V(m/s)

04 180
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Hinh 11. Vin téc dong khong khi sau
cdnh quat véi téc dé 2000 vong/phiit
twong wng d =267 mm

5. KET LUAN

Nghién ctru cho phép quan sat dugc
nhitng hanh vi cia dong khong khi phia sau
canh quat hudng truc, tr d6 danh gia dugc
hiéu qua van hanh caa quat. Két qua nghién
ciru nay cho phép ching ta rut ra dugc
nhitng két luan sau:

- Phuong phap day nong duoc ap dung
dé xac dinh truong van tde phia ha luu quat.
Ké hoach do duoc dé xuit dé dam bao tinh
chuén x4c voi timg trudng hop cu thé.
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