KHOA HOC - CONG NGHE
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Phan Thi Tric Thao'!, Lé Quang Tri’

Tém tat

Nghién ciru nay trinh by quy trinh thiét ké, mé phong va ché tao mét mé hinh ham gié quy mé nhé véi chi
phi thap nham phuc vu cho viéc quan sdt va phén tich dgc tinh khi dong hoc xung quanh mé hinh 6 té. Dua
trén cdc nghién ciru khoa hoc va tai liéu trudc day, nhom tac gia da xac dinh hinh dang va kich thudc phu hop
cho cdc b phén chinh trong ham gié. Sau do, két hop véi mé phong sé dé danh gid phin bé van téc va chat
lirong dong chay trong buéng thir, lam co s6 hiéu chinh va t6i wu hod thiét ké truede khi ché tao. M6 hinh diegc
gia cong tir cac vdt liéu phé bién, tich hop hé thong tao khéi sir dung da khé dé true quan héa dong khi. Két
qua thuwe nghiém cho thdy dong khi trong buéng thir dat dwoc do (5n dinh can thiét, hé thong tao khéi hoat
dong hi¢u qua va cac hién tuong ddc trung nhu tach dong va dong roi i phia sau xe dwoc tai hién ro rang. Mo
hinh nay la mot giai phap thir nghiém hiéu qua, co thé giai quyét nhu cau vé thiét bi thir nghiém trong méi
trueong giang day va nghién civu c6 diéu kién thiét bi han ché.

Tw khoa: ANSYS, dong rdi, khi dong hoc, ham gi6, mo hinh xe, mo phong.

CALCULATION, DESIGN AND FABRICATION OF A SMALL-SCALE WIND TUNNEL
FOR APPLICATION IN AUTOMOTIVE AERODYNAMIC EXPERIMENTS

Abstract

This study presents the design, simulation, and fabrication process of a low-cost, small-scale wind tunnel
model intended for observing and analyzing the aerodynamic characteristics around a car model. Based on
prior scientific literature and research, the authors determined the appropriate geometry and dimensions for
the wind tunnel's main components. Subsequently, numerical simulation was employed to evaluate the velocity
distribution and flow quality within the test section, serving as a basis for design calibration and optimization
before fabrication. The model was manufactured from common materials and integrated a dry-ice based smoke
generation system for airflow visualization. Experimental results indicate that the airflow in the test section
achieved the necessary stability, the smoke generation system operated effectively, and characteristic
phenomena such as flow separation and wake turbulence behind the vehicle were clearly reproduced. This
model is an effective experimental solution that addresses the need for testing equipment in teaching and
research environments with limited resources.

Keywords: Aerodynamics, ANSYS, car model, simulation, wind tunnel, wake flow.

1. PAT VAN PE

Trong nganh cong nghiép 6 t0, khi dong
hoc la yéu t6 then chdt quyét dinh dén hiéu
suét van hanh, muc tiéu hao nhién liéu va do
6n dinh cta 6 to. Pé danh gia khi dong hoc
mdt cach chinh xac doi hoi phai c6 cac thiét
bi chuyén dung nhu ham gié, von c6 chi phi
va yéu cau ky thuat cao. Trudc thuc té do,
nghién ctru nay tap trung vao thiét ké va ché
tao md hinh ham gié quy mé nho két hop véi
mo hinh xe ty 18 1:20, hudéng dén tng dung
trong moi truong hoc thuat. M6 hinh s€ c6 uu
diém 14 chi phi thap, cau tric don gian, d& gia
cong phu hop cho muc dich nghién ctru va
dao tao.

2. TONG QUAN

Cé 2 loai 6ng khi dong thuong dugc lya
chon de thiét ké thu nho 1a 6ng khi dong vong
ho va dng khi dong vong kin. Ong khi dong
vong kin, dong khi tuan hoan lién tuc theo
mot vong khép kin, sau khi ra khoi budng thir
s& quay trd lai dé tiép tuc chu trinh. Uu diém
1a chat lugng dong khi tét, it bi anh hudng bai
moi trudng. Nhuoce diém 1a két ciu phirc tap
nén chi phi xay dung cao. Nguoc lai dng khi
dong vong ho dong khi di mét chiéu tir méi
truong vao buong thir va xa ra ngoai. Uu
diém 1a két cdu don gian nén chi phi xay dung
thip va do khéng bi tich tu khi thai nén tét
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cho cac thi nghi€ém do lyc hodc dung khoi dé
truc quan héa dong chay. Nhuoc diém 1a chat
lugng dong chdy kém hon, dé bi anh huong
bd1 moi trudong.

Dua trén cac nghién cttu khoa hoc va tai
liu trudc day, nhom nghién ctiru da xac dinh
dugc hinh dang va kich thudce t6i wu cho cac
bd phén trong ham gio. Tiép d6, mo6 phong sb
duoc thuc hién béng phﬁn mém ANSYS
Fluent dé danh gia thiét ké, kiém tra tinh kha
thi va x4c dinh gidi han thu nho kich thude so
v6i cac yéu cau ly thuyét ban dau. Su két hop
nay gitp giam dang ké chi phi ché tao va tao
ra mot mo hinh quy mé nho hiéu qua, dong
thoi van dam bao chét luong dong chay can
thiét cho viéc phan tich khi dong hoc.

3. THIET KE TONG THE HAM GIO

M6 hinh duoc lua chon thiét ké theo ciu
tric ctia Ong khi dong mach ho dé don gian
két cAu, giam chi phi va thuan tién trong qua
trinh ché tao.

Céc thong s thiét ké chi tiét ctia ham gio
da duoc hiéu chinh va tdi wu hoa dua trén céc
khuyén nghi vé ly thuyét khi dong hoc va mo
phong dé wu tién tao ra mé hinh véi quy mo
nho.

M0 hinh hoat dong theo dang hut véi quat
hut duoc dit ¢ phia sau budng khuéch tan.
Khi van hanh, khong khi s€¢ dugc hat tor moi
truong bén ngoai, di qua budng ting tdc,
buéng thur, buéng khuéch tan, va sau d6 duge
X4 ra ngoai.

3.1 Buéng thi

Buéng thr 1a khu vuc trung tdm, noi dét
md hinh khao sat. Kich thudc ciia budng thir
va van toc dong khi di qua né 14 nhiing yéu t6
then chdt quyét dinh kich thudc cua cac bo
phan khac trong ham gié.

Do han ché cua cum quat str dung, van tdc
dong chiay mong mudn trong budng thu
khoang

9,5—-12,5 m/s. M6 hinh khao sat 1a xe Ford
Mustang Mach 1 ti 1¢ 1:20, v6i kich thudce
tong thé 1a 240 x 95,8 x 66,4 mm (dai x rong
X cao).

Pé dam bao diéu kién dong chay trong
budng thir tuong dong voi dleu kién chuyén
dong thuc té, chon buong thu tiét dién vuong
¢6 canh 12 250 mm dé dam bao ty 1¢ gitra dién
tich can chinh dién ciia mo hinh xe (An) va
tiét dién budng thir (Ae) nho hon 10% [1],
thiét ké nay ty 1¢ khoang 8%.

Puong kinh thay luc cia budng thir 13 250
mm. Chiéu dai buéng thir duoc chon la 635
mm, nam trong khoang khuyén nghi tir 0,5
dén 3 1an dudng kinh thuy luc cta budng thir
[2], kich thudc nay da tinh dén phan lip dat
ludi to ong.

Dé tao thuén loi cho viéc thay thé mau thir
trong qua trinh thi nghiém, nhom nghién ctru
da tich hop thém mot ndp md & mat phia trén
ctia budng thir.

Hinh 3.1 Buéng thir

3.2 Buéng ting toc

Budng ting tc 1am thu hep tiét dién, bién
ap suat tinh thanh vén toc 1am tang dan tc do
dong va huéng dong khi thing hang vao
budng thr.

Vi canh cua buéng thir 1a 250 mm. Chon
canh dau vao budng tang toc 1a 400 mm, 16n
hon budng thir @ din khi vao hiéu qua.

Bén kinh thay Iyc ctia dau vao budng ting
téc 1a 200 mm. Chiéu dai budng ting tdc 1a
200 mm, nam trong khoang tir 0,15 dén 1 lan
ban kinh 18i vao [2]. Do trudc budng ting toc
khéng ¢6 budng 6n dinh, chon chiéu dai 16n
nhit s& giup dong khi kip on dinh trudc khi
vao budng thr.

Hinh 3.2 Buéng ting toc
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3.3 Buéng khuéch tin

Budng khuéch tan giup mé rong tiét dién,
thu hoi ap suit lam giam téc d6 dong dé han
ché ton that va tranh giy nhidu nguoc anh
huong budng thir.

Véi canh cua buéng thtr 1a 250 mm. Chon
canh dau ra budng khuéch tan 1a 300 mm dé
phu hop véi tiét dién quat va dam bao ty 18
ctia budng khuéch tan nho hon 2,5 [2].

Goc khuéch tan toan phan nén nam trong
khoang 5°—7°(tirc 1a moi bén 2,5°-3, 5°4dé
kiém soat su tach dong [2]. Nhung khi can
nhic giir 1y thuyet va thuc té, dé rat ngan
chiéu dai him gié6 nhém chon chleu dai
budng khuéch tan 13 350 mm, ngin hon
khuyén nghi vi dong khi s& duoc lam déu
trude boi ludi to ong. Vi thiét ké nay, goc
khuyén tan chi léch 0,5° mdi bén, co thé chép
nhan duoc.

Hinh 3.3 Buong khuéch tan.

3.4 Quat

Quat tan nhiét loai DC khong chdi than c6
thong s6 dinh murc 12V — 1,2A va kich thudc
60 mm x 60 mm duoc sir dung dé tao dong
trong ham gié. Sir dung 25 quat mac song
song dé ghép lai thanh cum c6 tiét dién 300
mm X 300 mm.

Hinh 3.4 Cum 25 quat mdc song song

3.5 Luwdi té ong
Ludi t6 ong c6 chirc nang lam thing dong,
giam thiéu cac thanh phan vén téc ngang va

triét tiéu xody, qua d6 dinh hudéng ludng khi

trd lai theo phuong truc chinh.

C6 hai tiéu chi quan trong trong thiét ké
ludi to ong. Mot 1a d6 rdng cua ludi phai xap
xi 0,8 [1]. Hai 1a ty 1¢ giira chiéu dai dudng
kinh lui phai tir 6 - 8 [2]. Trong thiét ké nay,
nhoém nghién ctru st dung 6ng nhwa duong
kinh trong 6 mm day 0,25 mm dé ché tao luéi
t6 ong. Do rdng ctia cau tric nay khoang 0,76,
dam bao kha ning dan dong t6t. Chiéu dai
dng duoc chon 1a 42 mm, twong duong 7 lan

duong kinh.

Hinh 3.5 Ludi t6 ong

4. MO PHONG KIEM TRA THIET KE
4.1 Mo phong s6 1 (chuwa ddt xe trong
ham)

Hinh 4.1 Mo hinh 3D dwa vao ANSYS
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mo phong so 1
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khi & cudi buéng thtr, han ché anh huodng cua
luc hut chénh 1éch gitra cac quat.

Tong thé, cac budng da duoc thiét ké hop
ly va van hanh hiéu qua; tuy nhién, van can
bd sung thém ludi t6 ong dé nang cao chat
luong va do on dinh cua dong khi trong
budng thir.

4.2 M6 phéng s6 2 (da dat mé hinh xe
Hinh 4.3 Puong dong trong ong khi dong ~ bén trong)
mé phong sé 1
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Hinh 4.4 Phdn bé van toc trong ong khi ° m W m::;“on:a" w0
dong mo phong so 1 .,
Thiét 1ap 4p suét twong ddi tai mat vao la Hinh 4.5 Bié‘f do {‘ié’" f,’” a do hoi tu cua
0 Pa va mit ra 1 -82,42 Pa. M6 hinh réi duoc mo phong s6 2

sir dung 1a SST k — . Ché d¢ giai duoc chon
1a ché d¢ 6n dinh, voi giai thuat SIMPLE va
s6 bude lap 1 500 budce. Cac thiét 1ap con lai
duogc gitr theo gia tri mdc dinh cua phﬁn mém.

Theo két qua mod phong, dong khi trong
budng tang tdc duge thu hep, tang toc dan va
hudng thang vao buong thir. Tai budng thu,
dong chdy oOn dinh, thang, song song, van toc
phan b tuong d6i déu thanh mot ving mau ]
cam ddm (khoang 10,4 m/s), chimg t6 cum Hinh 4.6 Duong dong trong ong khi dong
quat van tao du lyc hut. Tai budng khuéch tan mo phong s6 1
di goc khuéch tan 16n hon khuyén nghi
khoang 0,5° mdi bén, nhung dong khi van
giam tdc dan mot cach 6n dinh, khong bi tach
dong nghiém trong, khong anh hudéng dong
khi trong budng thir chtng to budng khuéch
tan van hoat dong dung chic ning. Tuy
nhién, do ciu tric roi rac thm quat hut manh
hon & ria 1am van tdc tai mat hut khong déng
nhat c6 thé anh huong dén chat luong dong
chay & cudi budng thir. Bé khic phuc can lap
mot ludi to ong ¢ dau budng thu dé 6n dinh
dong tang tbc vao va mot ludi to ong & cudi
budng thir gitip can bang, lam 6n dinh dong

Hinh 4.7 Phdn bé vén téc trong ong khi
déng mé phong so 1
Ham gi6 hoat dong hiéu qua, c¢6 thé quan
sat dugc céac hién tugng khi dong hoc xung
quanh mo hinh xe. Van téc dong chay tu do
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trude xe 1a 9,6 m/s. Vung rdi van nam tron
trong buong thtr ching to buong thur da duge
thiét ké hop ly, nhung dé ving r6i d6 van nam
tron trong budng thir thi vi tri dat xe nén cach
dAu budng thir tir 170 — 190 mm,

5. CHE TAO MO HINH

M0 hinh xe dugc in 3D béng vat liéu PLA,
sau d6 dugc xur ly [am min bé miit.

Budng thtr duoc ché tao bing mica trong
subt dé thuan tién cho viéc quan sat thi
nghiém. Cac budng ting téc va budng khuéch
tan str dung vat lidu Alu dé giam chi phi va
don gian héa qua trinh ché tao.

Hi 5.1 M6 hmh khi dong hoc khung vo o
10 sau gia cong

Hinh 5.2 Ldp thém dén led trong buong thir

6. HE THONG TAO KHOI

Dé tryc quan hoa dong chay nhém nghién
ctru st dung khoi tur da kho CO,.

Hé thong tao khéi duoc thiét ké gdm bdn
bo phan chinh: buéng khoi chinh, buéng phu,
dng dan khéi va dau phun.

Pau phun khéi: chuyén tiép tur tiét dién
tron (32 mm) sang tiét dién co kich thudc
65 x 10 mm, hai dau dugc bo cong ban kinh
R5. Thiét ké nay cho phép dong khéi pha déu
1én toan b mo hinh xe, phu hop voi da 5O
mau xe thong dung, trur xe tai va xe khach.

Ong dan khéi str dung 6ng nhua c6 dudng
kinh ngoai 34 mm (duong kinh trong 32 mm),

phu hop véi tiét dién mat thoat khéi trén dau
phun.

Budng khoi chinh ¢6 kich thudc 136 x 136
x 226 mm, dugc tdi wu sau nhiéu lan thu
nghiém dé dam bao da kho thing hoa 6n dinh,
khéi ra dam va déu.

Budng phu ¢é kich thudc 60 x 60 x 80
mm, déng vai tro diéu tiét ap sudt va van tdc
khoi, gitip 6n dinh dong khéi trude khi di vao
budng thir.

Ngoai ra, d¢ dam bao dong vao khong bi
roi, khoang cach tir 6ng din khéi dén budng
tang toc nén téi thiéu 6 1an dudng kinh dic
trung ctia vat can [7]. Cu thé trong thiét ké
nay, khoang céch dugc chon la 204 mm,
tuong duong 6 1an dudng kinh ngoai cua éng
dan khéi (@34 mm).

Hinh 6.1 H_-é.tho”'ng tao khoi

7. THU NGHIEM HOAT PONG
TREN MO HINH THUC TE

7.1 Cach van hanh va nguyén ly hoat
dong

St dung khoang 300 — 400g da kho dép
nho, cho vao budng tao khoéi chira sin mot
lugng nudce vira du theo vach dinh muc trén
budng. Pa kho thiang hoa tao ra khéi tring
lanh (CO; + hoi nudc), lam tang ap suét cuc
b trong budng khoi.

Budng khéi ¢ 16 trén dé hut khong khi
ngodi vao can bang ap suat, 16 dudi ndi voi
éng dan khoi. Khi khoéi duogce tao ra, do CO:
nang hon khong khi, cong véi su chénh 1éch
ap suat giita bén trong budng khéi va dau ra,
khoi s& ty dong bi ddy ra theo 15 dudi dan vao
budng phu dé 6n dinh dong rdi tiép tuc vao
ham gi6.
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Khi bat quat, tao ving ap suét thip, hut
khéi va khong khi tir bén ngoai qua budng
tang toc, budng thir, budng khuéch tan va xa
ra ngoai. Nho vay, dong khoi duge dua vao
dé mo6 phong chuyén dong dong khi quanh
md hinh xe.

7.2 Thir nghiém hoat dong

Van tdc dong khi do dugc tai buéng thu
trong mo hinh thuc té (khi chua dat mé hinh
xe) dat khoang 10,4 m/s, twong dong voi két
qua thu duge tir mé phong, nén c6 thé gia
dinh rﬁng vén tdc dong khi trude xe (khi dat
md hinh xe vao) 1a khoang 9,6 m/s. S6
Reynolds cta thi nghi¢m la:

PVL _ 1.22%9,6+0.24

Re =— =
U 1.841075

~1,56*10°

Mac du gia tri nay con nho so voi Re cua
xe thuc té, nhung né van da 16n dé tai hién
dugc cac dac trung dong chdy co ban nhu
diém tach dong va hinh dang ving réi mot
cach déang tin cay.

Két qua thuc nghiém tryc quan hoa béng
khoi c¢6 su twong dong cao voi phan bd van
téc trén mo phong. Cu thé, dong khoi bam t6t
trén mui xe va than xe, sau do tach rd rét tai
canh sau cua xe, khop véi vi tri chuyén doi
van tbc dot ngot duoc du dodn trong mo
phong. Sy xuat hién ctia viing khoi bi khudy
dong manh mé phia sau xe ciling khdp vung
van toc thép duoc du doan, khéng dinh mo
hinh ham gié da tai tao thanh cong cac hién
tuong khi dong hoc quan trong.

i 9

Hinh 7.1 Ddu hun xc-)dj/mtheo phuong
dung.

-

Hinh 7.2 Pdu phun xoay theo phwong
ngang.

Dong khi trong budng thir trong d6i 6n

dinh c6 thé quan sat dugc cac hién tugng khi
dong hoc xung quanh mo hinh xe. Dong khi
di vao buéng thtr trat tu, 6n dinh va khong
c6 nhidu. Dong khi bam t6t vao bé mit dau
va mui xe, ving rdi sau xe duoc tai hién ro
rang. Két qua thir nghiém tuong dong véi
mo phong.

8. KET LUAN

Cong trinh nguyén ctru da thiét ké va ché
tao thanh cong mot mod hinh ham gié quy mo
nhé phuc vu danh gid dac tinh khi dong hoc
xung quanh moé hinh xe. M6 hinh hdm gi6
duoc tdi wu vé cu tric va vat liéu nhim giam
chi phi nhung van dam bao kha ning tao dong
khi 6n dinh trong budng thir. Hé thong tao
khoi st dung dé kho hoat dong hi¢u qua, cho
phép quan sat truc quan dong khi di qua mo
hinh xe, tai hién ro rang hién tugng tdch dong
va ving ri phia sau xe. Két qua thuc nghiém
¢ do tuong dong cao véi két qua mo phong,
khang dinh d6 tin cdy cua thiét ké.

Mo hinh c6 thé tich hop thém céc thiét bi
do luc dé thu thap dir liéu dinh lugng phuc vu
phan tich sau hon. Khi d6 can tdi wu lai cum
quat dé nang van tdc va diéu chinh lai ludi td
ong & cudi budng thir.
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