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TOM TAT

Hé thong do khi nén dong vai tro thiét yéu trong do khéng tiép xiic, chuyén doi két qua bién
thién theo khoang cdch thanh thay doi luu lwong thé tich. Nghién civu nay sir dung Péng liee hoc
chat Zong tinh todan (CFD) dé khao sdt do nhay ciia hé thong, tdp trung vao dnh hwong cia khoang
cdach dau phun dén bé mdt va ba ty 1é dwong kinh D/d (0.25, 0.5, 0. 705) 1én phan vng e leong thé
tich. Mé hinh CFD dwoc xdy dwng véi mé hinh tinh todn dong chady réi SST k— w (SST k— omega).
Két qud mé phong sé lam ré moi quan hé phi tuyén tinh giita lwu heong thé tich va chiéu cao khe
ho cho ting ty 16 D/d, tir d6 xdc dinh pham vi do tuyén tinh va ving hoat déng toi wu ciia hé thong.
Viéc danh gid c6 hé thong nay cung cdp cdi nhin chi tiét dé cdi thién thiét ké hé thong do khi nén,
@6p phan ndng cao dé nhay, dé 6n dinh va kha nang Idp lai trong cdc g dung céng nghiép doi hoi
do chinh xac cao.

Tir khéa: Po khi nén; Lwu lwong thé tich; M6 phong CFD; Mé hinh dong chdy réi; Chiéu
cao khe ho,; Phan tich do nhay.

ABSTRACT

Pneumatic measuring devices are essential for non-contact dimensional measurement,
converting dimensional variations into volume flow rate changes. This study utilizes Computational
Fluid Dynamics (CFD) to investigate system sensitivity, focusing on the influence of nozzle-to-plate
distance and three D/d diameter ratios (0.25, 0.5, 0.705) on the volume flow rate response. A CFD
model was developed using the SST k — @ (SST k — omega) turbulence model. Simulation results
will clarify the nonlinear relationship between volume flow rate and gap height for each D/d ratio,
thereby identifying the linear measurement range and optimal operating zone of the system. This
systematic evaluation provides valuable insight for improving air gauge design, contributing to
enhanced sensitivity, stability, and repeatability in high-precision industrial applications.

Keywords: Air gauging; Volume flow rate; CFD simulation, Turbulence modeling; Gap
height; Sensitivity analysis.
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1. TONG QUAN

Heé théng do khi nén dugc st dung rong
rii trong do ludng kich thudce khong tiép xuc,
nhung vi¢c cai thi¢n do chinh xac gap nhiéu
thach thirc do mdi quan hé phy thudc giita pham
vi do va do nhay [1-8]. Cac nghién cuu trudc
day da chi ra rang anh hudng cta bién dang hé
thong do, dic biét 1a ty 1¢ duong kinh dau phun
(D/d), anh huéng dang ké dén hiéu suit [8-10].
Nghién ctru nay st dung md phong Pong luc
hoc chét long tinh toan (CFD) dé khao sat do
nhay cua h¢ théng do khi nén. Cu thé, ching
toi phan tich anh huong ctua khoang céach gitra
dau phun va bé mat do, cing véi ba ty 1¢ D/d
khac nhau (0.25, 0.5, 0.705), dén phan tng luu
luong thé tich. M6 hinh CFD dugc xay dung
dua trén cac kich thudc da duoc xac thuc [7,
9], nham cung cip cai nhin sau sic phuc vu cho
viéc cai tién thiét ké va nang cao hiéu suat tong
thé ctia hé théng.

2. PHUONG PHAP
2.1. Piit van dé

M6 hinh mé phéng dugc thyc hién dua
trén mo hinh hé thong do khi nén tir cac nghién
clru trude [7, 9], nham khao sat anh huong cua
ba ty 1¢ duong kinh dau phun D/d khac nhau
(0.25, 0.5 va 0.705) dén dic tinh do ludng cua
hé thong. Trong mo hinh, khi nén duge cép vao
hé thong & ap suat khong ddi 3 bar. Pau do ¢
duong kinh ngoai D_ 1a 4 mm va duong kinh
trong d 1a 2 mm, duong kinh dau vao D (0.25;
0.5; 0.705) trong khi budng vao c6 duong kinh
D, 1a 8 mm. DPé dam bao do tin cdy cua mo hinh
CFD, két qua mo phong ban dau dugc xac thyc
béng dir liu thuc nghiém vé luu luong thé tich
thu duoc & cing diéu kién ap suit (3 bar) va
khoang cach tir 0 ¢én 1000 pm [7]. Sau budc
xac thyc, cac dac tinh luu luong thé tich tinh s&

dugc phan tich trong dai khoang cach tir dau
phun dén bé mit do & tir 0 dén 1000 um, nham
danh gia d6 nhay cua hé théng tng vdi timg ty
1¢ D/d. Phan tich nay hudng t6i viéc cung cap
cac hiéu biét chuyén siu dé t6i wu hoa thiét ké
va nang cao dd chinh xac trong do ludong cua hé
théng khi nén.
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Hinh 1. Bién dang hinh hoc
2.2. Phwong phap s6

Trong nghién ctru nay, moé hinh dong
chay r6i SST k — @ ctia Menter [11] dugc lwa
chon nhd kha niang két hop wu diém cua mé
hinh k — @ trong ving gan tudng va md hinh k
— ¢ trong ving xa tuong. Nho tinh on dinh cao
va do chinh xac trong céac bai toan dong chay
phuc tap, m6 hinh SST k — ® dugc xem 1a lya
chon phii hop cho md phong hé thong do khi
nén trong nghién ctru nay.

2.3. Cai dat mo phéng

Quy trinh phan tich CFD bét dau véi F
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viéc xay duyng hinh hoc va tao luéi. Hinh hoc
ctia md hinh may do khi nén duoc thiét ké bang
phan mém CAD, dam bao chinh xac cac thong
s6 kich thudc ctia dau phun twong ing véi timg
ty 1¢ duong kinh D/d dugc khao sat. Toan bd
mién tinh toan dugc chia ludi bang ludi cau trac,
trong d6 luoi duogc tinh chinh rat min tai cac
ving gitra dau phun va bé mit do (tim phang)
nham nim bat day du cac hién tuong gan tuong,
thoéa min y* ~ 1 dam bao yéu cau tinh toan cho
mo hinh dong chay réi duoc lua chon. Khong
khi dugc gia dinh 1a khi ly tudng, voi do6 nhot
dong hoc duogc lay 1a p = 1.752x10° kg/mes.
Céc diéu kién bién dugc thiét 1ap nhu sau: dau
vao 4p suat tong khong d6i 3 bar (BC1), didu
kién tuong khong truot ap dung cho ca tuong
ctia hé théng do va tdm phang (BC2, BC4), va
dau ra (BC3). Dé giam chi phi tinh toan, mo
hinh duoc gia dinh ddi xtmg truc (BC5), nhu
trinh bay trong Hinh 2. Dong khi trong budng
la khi nén, tuan theo dinh luat khi 1y tuéng va
6n dinh theo thoi gian (steady-state).

Hinh 2. Mién tinh todn

B9 giai CFD thuc hién gidi cac phuong
trinh chi phdi thong qua quy trinh lip hoi tu,
vo1 qua trinh héi tu duge gidm sat thong qua
biéu d6 phan du. Giai doan xir 1y hdu ky bao
gdm viéc trich xuat cac bién dong chay quan
trong nhu luu luong thé tich va phan bd van
tdc dé phuc vu phan tich. Cac mé phong duoc
thyc hién trén may tram HP Z6 G4 voi bo xur
1y Intel Xeon Gold 6146 va by nhd RAM 128
GB. Thoi gian tinh toan trung binh cho mdi

truong hop khoang 2 gio 30 phat véi kich
thude ludi gan 800,000 diém cho truong hop
D/d = 0.25, nhung d6i voi trudng hop D/d =
0.5 va 0.705 can tinh toan gradient ciia song
xung kich (shock wave) tai vi tri ddu vao nén
can chia lu6i min, do d6 tong s6 ludi can 1a xap
xi 3,600,000 diém, v6i thoi gian giai gan 8 gio
30 phut. Tét ca diém ludi gan tudng trong cac
mo phong déu dat y* ~ (1 — 5) tai nhirg diém
co gradient 16n.

Do tin cdy cua md hinh dugec dam bao
thong qua xdc minh va xac thyc. Xac minh
bao gom kiém tra chat luong ludi va danh gia
hop 1y cac diéu kién bién. Xac thuc duoc thuc
hién bang cach so sanh két qua mo phong (luu
luong thé tich) voi dit liéu thuc nghiém tir tai
lidu [7] trong diéu kién cip ap suat 3 bar va
khoang cach dau phun — bé mat tir 0 dén 1000
um. Phén tich sdu hon chi duoc tién hanh khi
két qua mo phong thé hién d6 tin cdy thoa dang
voi dir liéu tham chiéu va dat duoc nghiém hoi
tu on dinh.

3. KET QUA VA THAO LUAN

3.1. Xac thuc
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Hinh 3. Xac thuc ket qua moé phong vé luu

liong dong chay V véi két qua thure nghiém ciia
Crnojevic [7]
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Do tin cdy cua md hinh dugec dam bao
thong qua qué trinh xac thuc ky ludng. M6 hinh
CFD hién tai da duoc xac thuc bé’mg cach so
sanh luu luong thé tich V tir mé phong véi dir
li¢u thuc nghiém tir nghién ctu ciia Crnojevic
[7]. Hinh 3 thé hién sy twong dong tot giira két
qua md phong CFD hi¢n tai va dir li¢u thuc
nghiém trén toan bd dai khoang cach tir dau
phun dén bé mat (3) cho ca ba ty 1¢ duong kinh
D/d (0.25, 0.5, 0.705). M6 phong da phan anh
dung mbi quan hé phi tuyén dic trung giita
luu luwong thé tich va khoang cach, bao gom
ca giai doan ting nhanh ban dau va sau d6 1a
giai doan 6n dinh. Sy twong quan chit ch& nay
kh‘fmg dinh d¢ tin cay cua md hinh CFD hi¢n
tai trong viéc tai tao dac tinh thuc nghiém cua
hé théng do khi, xac nhan tinh phu hop cia nd
cho céac phan tich sdu hon vé dic tinh luu luong
va do nhay. Udc tinh d6 khong chic chin do
ludong 5% cua dir lidu thuc nghiém [7] c6 thé
giai thich cho céc sai 1éch nho quan sat duoc.

3.2. B nhay

Hinh 4 minh hoa dong thoi dic tinh tinh
va d6 nhay K = dV/dd caa hé thong do khi nén
d6i voi ba ty 1& duong kinh khac nhau (D/d =
0.25, 0.5, 0.705). Bdi v6i luu lugng thé tich, tat
ca cac ty 16 D/d déu cho thdy V ting nhanh khi
khoang céch 6 tang tir 0, sau d6 dat dén mot gia
tr1 bao hoa. Luu lugng bao hoa tang 1én dang
ké khi ty 1¢ D/d ting. Vé do nhay, K dat gia
tri cao nhat tai khoang cach rat nho va giam
dan khi & tang 1én. Phan tich cho thay ty 16 D/d
anh huong ro rét dén dac tinh do nhay: céc ty
1¢ D/d nho hon (vi du: 0.25) mang lai d§ nhay
dinh cao hon nhung c6 dai do hi¢u qua hep hon
(d6 nhay giam nhanh vé 0). Nguoc lai, cic ty
1€ D/d 16n hon (vi du: 0.705) c6 d6 nhay dinh
thdp hon nhung duy tri kha nang do luong hi¢u
qua trén mot dai khoang cach rong hon. Két
qua ndy cung cip nhitng hiéu biét chuyén sau

c6 gia tri cho qua trinh t6i wu hoa thiét ké may
do khi nén, hudng to1 sy can bang gitra d§ nhay
va pham vi do.

FEPRE S e T

i N N R S —————

Hinh 4. Dac tinh luvu lwong va do nhay theo
khodng cdach dau phun bé mdt cho dwong kinh D/d
khdc nhau

4. KET LUAN

Nghién clru nay da img dung mo phong
DPong luc hoc chat 16ng tinh toan CFD véi mo
hinh dong chay réi SST k — @ dé khao sat do
nhay ctia hé thong do khi nén, tép trung vao anh
huong cua khoang cach dau phun dén bé mat &
va ba ty 1¢ duong kinh (D/d = 0.25, 0.5, 0.705)
dén luu luong thé tich. Két qua mo phong da tai
hién chinh xac dir li¢u thuc nghiém thu dugc tur
nghién ciru da cong bd trude do. Bén canh do,
mo phong di cho thy rd mdi quan hé phi tuyén
tinh giita luu lugng thé tich va chiéu cao khe
ho cho tung ty I¢ D/d. Phan tich d0 nhay chi ra
réng ty 1€ D/d nho hon mang lai d¢ nhay cao
hon nhung dai do hi€u qua hep hon, trong khi
ty 1¢ D/d 16n hon duy tri kha nang do trén mat
dai vdi khoang cach rong hon. Viéc danh gia
nay cung cip cai nhin chuyén sau dé cai thién
thiét ké hé thong do khi nén, gop phan ning cao
do nhay, do on dinh va kha nang ldp lai trong
cac ung dung cong nghiép doi hoi do chinh xac
cao.
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