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Tém tit. Hé thong ong thir nghiém khi dong luc hoc 1a mét trong nhimg thiét bi thir nghiém khong thé
thiéu trong nghién ctru va phat trién thiét ké hang khong, 6 t6 va cac nganh cong nghiép lién quan dén dac
tinh khi ddng luc hoc tic dung Ién vat thé chuyen dong. Bai béo trinh bay qua trinh thiét ké va ché tao ong
khi dong luc hoc hd, budng thir nghiém duogc thiét ké véi kich thude mit cat ngang 500x500 mm, vén toc
gio trong buéng thir nghiém dat tdi da 15m/s duge xac dinh boi thiét bi do van toc gi6 Extech SDL350 va
luc khi dong luc hoc dugc xac dinh boi hé théng cam bién tai trong GPB160-1. Céac thir nghiém duoc tién
hanh trén ba miu thir co ban gdm hinh 14p phwong, hinh cau va hinh tru v&i cac phép do thuc hién ¢ van
tdc 10 m/s va 15 m/s. D6i v6i mau thir hinh 14p phuong, sai 1éch két qua so véi gia tri tiéu chudn 4,57% tai
10 m/s va 4,95% tai 15 m/s. Trong khi d6, sai s6 d6i véi mau thir hinh cau 14 3,33% va 4,11%, v6i mau thir
hinh try tron, sai 1€ch dat 3,6% va 4,6% so vdi cac gia tri tham khao. Két qua thir nghiém ching té hé théng
6ng thir nghiém khi dong hoc dat do tin cay va do on dinh cao. Hé théng thir nghi€ém nay dong gop tich cuc
vao viéc phat trién cac giai phap thiét ké toi uu hinh dang, nang cao hiéu suat va tinh an toan cho cic thiét
bi lién quan dén dic tinh khi dong hoc.

Tir khéa. Ong khi dong luc hoc, khi dong luc hoc, budng thir nghiém, cam bién tai trong, hé sb can.

1  GIOI THIEU

Nghién ciru vé khi dong luc hoc dong vai tro quan trong trong viéc phat trién va toi uwu hoa cac thiét ké vé
hinh dang cac vat thé chiu sy tac dong ctia dong khi giup t6i wu hoa thiét ké dé dat hiéu suat cao [1]. Nhiéu
nghién ciru va phat trién lién quan dén thiét ké va ché tao 6ng khi dong luc hoc da duoc thuc hién. Nghién
clru ctia nhom tac gia [2] da thiét ké va ché tao ng thir nghiém khi dong loai ho véi kich thude mit cat
ngang budng thir nghiém 300x300 mm. Tdc do gi6 trong dng khi dong dugc diéu khién boi bién tan véi tan
s6 thay ddi tir 20 Hz dén 50 Hz, budc nhay 2 Hz. Két qua, mdi thay ddi cua tan sb didu khién tuong timg
vGi van tde gid ting tuyén tinh tir 14,50 m/s dén 38,50 m/s va dé xuit mbi quan hé tuyén tinh giira tan sb
dao dong (Y) va toc do gio (X) theo phuong trinh Y = (0.7945 x (X - 20)) + 14.629. Tac gia [3] da nghién
ctru ché tao 6ng thir nghiém khi dong voi chidu dai budng thir nghiém 13 900 mm va kich thudc mat cit
ngang 250x250 mm, toc do gid tdi da 25m/s. Tac gia da ché tao thanh cong éng khi dong va thé hién dugc
cAu trac dong khong khi thay doi khi qua cac vat thé co hinh dang khac nhau. Tac gia [4] da thiét ké va ché
tao 6ng thir nghiém khi dong co kich thudc budng thir nghiém 340x360 mm, vén toc ti da 15m/s nham
phan tich truc quan dong khi quanh vat thé va tinh toan hé sb luc nang va luc can. Két qua thir nghiém cho
thiy dng khi dong dat d6 chinh xac twong duong véi 6ng khi dong dugc phat trién boi NASA va hoc vién
Cong nghé Massachusetts. Tac gia [5] cing cong su thiét ké, mo phong, ché tao thuc nghiém dng khi dong
v6i kich thudc budng thir nghiém 1000x1000 mm. Két qua mé phong cho thay van tde gié trung binh trong
budng thir nghiém sai 1éch véi két qua thuc nghiém 1a 6.6%, sy phan b van tdc va dong khi trong budng
thir nghiém gilta mo phong va thuc nghiém hoan toan phu hop Tac gia [6] di thyc hién thiét ké ng khl
dong ho voi leh thudc budng thir nghiém 750x750 mm, van toc t01 da 15m/s. Pic tinh dong khi trong 6ng
khi dong bao gdm cudng d6 nhidu dong, ap suit va phan bd van tdc duoc kiém chu'ng va danh gia thong
qua md phong va thuc nghiém. Két qua nghlen cuu da chu:ng t6 thiét ké 6ng khi dong dé xuét dap g diy
du cac tiéu chi do ludong khi dong hoc. Pong thoi, viée két hop giita thyc nghiém va mo phong s6 gitip cac
nha nghién ciru cai thién d6 chinh xac trong phan tich khi dong hoc. Nghién ctru [7] da thiét ké va ché tao
dng khi dong véi chi phi thip duoc sir dung trong dao tao tai co s& gido duc véi tidu chi thiét ké nho gon,
dé sir dung va do bén cao, kich thude buéng thuc nghi€m 228.6 x 228.6 mm, van tdc toi da 13 m/s. Nghién
ctru da thyuc hién mo phong va so sanh su khac biét giita két qua mé phong va thuc nghiém. Két qua, vén
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tdc tai budng thir nghiém giita mo phong va thuc nghiém c6 sai s6 nhung phéan dnh diing xu huéng phan b
van toc dong khi. Ong khi dong duoc thiét ké thao lap linh hoat, d& dang thay dbi ddi twong thuc nghiém
va dugc su dung dé tinh toan luc nang tao bdi canh may bay NACA (National Advisory Committee for
Aeronautics). Nghién ciru [8] da thiét ké ché tao dng khi dong ho, van tdc thir nghiém 20 m/s, kich thudce
budng thyc nghiém 600x300 mm va co thé thao roi dé thuan tién cho viée bd tri thiét 1ap thuc nghiém. Ong
khi dong cho phép thir nghiém cac mau thir c¢o hinh dang va kich thudc khac nhau dé nghién ctru luc khi
dong tac dong 1én vat thé. Két qué dat dugc tir nghién ctru bao gém cac thong s6 chinh nhu lyc nang va luc
can, hé s luc nang, hé s6 luc can va sb Reynolds duoc xac dinh khi thyc nghiém ddi v&i canh may bay.

Hién nay vé6i sy phat trién ciia mdy tinh va phan mém mo phong tinh toan Computational Fluid
Dynamics (CFD) da cung cip két qua tong quan vé hién tuong dong chay va anh huong luc khi dong, tuy
nhién cac nghién ciru thyc nghiém van c6 vai tro quan trong khong thé thiéu trong qua trinh thiét ké va ché
tao. Trong nghién ctru nay, nhom tac gia dé xut phuong an thiét ké va ché tao hé thong 6ng thuc nghiém
khi dong loai ho véi te do tdi da 15m/s va thuc hién cac thir nghiém thyc té dé danh gia chat luong dong
khi trong budng thir nghiém théng qua cic mau thir: hinh try, hinh cau, hinh lap phuong. Pay 1a budc quan
trong dé danh gia duogc do tin cay cua hé théng va 1a tién dé thuc hién céc nghién ctru thyc nghi€ém danh
gia dac tinh khi dong luc hoc trong thiét ké hinh dang 6 to.

2 THIET KE CHE TAO HE THONG THU'C NGHIEM ONG KHi PONG

He¢ théng thir nghiém 6ng khi dong hd gdm cac by phan cu thanh chinh ghép ndi véi nhau duge mo ta
trong hinh 1, trong d6 can luc khi dong c6 thé tach roi so voi cac thanh phan con lai. Nhom tac gia xac dinh
cac yéu cau, kich thudc va ddi tuong mau thtr thuc nghiém nhu mo hinh 6 t6 ti 1€ 1:32 so v6i kich thudce 6
to that, van toc gi6 cuc dai V=15m/s, do lyc can va lyc nang khi dong dé dé xuét phuong an thiét ké cho
phtt hop. Ti I€¢ mo hinh 6 t6 dugc dung thuc nghiém la co s& dé x4c dinh dién tich buéng thtr nghiém, dong
vai tro quyét dinh kich thudc téng thé ctia 6ng khi dong. Kich thudc, van tdc gio tai budng thir nghiém,
thong s ky thuét ludi to ong, bién dang budng thu va budng thoat s& quyét dinh cong suat clia quat gio.

_Buong 6n dinh

Ludi to ong /
N,

y Budng thu

Budng thir nghiém

Budng thoat

/ Quat it

Hinh 1: So d6 b6 tri hé thong dng khi dong ho

2.1 Buong thir nghiém

Budng thir nghiém 14 noi dit mau thir lién két v6i can luc khi dong, thong qua cac thiét bi thu thap di liéu
xéac dinh duoc gia tri luc khi dong khi mau thir twong tac véi dong khi. Dya vao kich thuéc mau thir c6 ti
18 1:32 so véi kich thudce 6 t6 that, nhom tac gid x4c dinh dwgc mau thir nghiém c6 kich thude 130 mm (dai)
X 55 mm (rong) x 35 mm (cao) dbi véi dong xe sedan. Kich thudc budng thir nghiém can du 16n dé dam
bao thanh budng khong anh hudng dén 4p suét trong ving tach dong khi dong khi tic dong vao miu thur
nén khong gay anh huong dén cac luc khi dong. Ty 1¢ 1y tuong giira dién tich mat cit ngang ctia mau thir
nghiém so véi dién tich budng thir nghiém & muc 5% hodc thip hon [9], vi vdy trong nghién ctru ndy, budng
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thir nghiém c6 kich thuéc mat cat ngang 500 x 500 mm va chiéu dai 1250 mm duogc Iya chon dé phu hop
véi cac yéu cau thir nghiém. Kich thudc buong thir nghiém dugc thiét ké theo hinh 2 va bang 1.

L

s

Hinh 2: Kich thudc budng thir nghiém

Béng 1: Thong s6 budng thir nghiém

Tén Ki hiéu Gia tri
Chiéu rong budng thi nghiém w 500 mm
Chiéu cao budng thi nghiém H 500 mm
Chiéu dai budng thi nghiém L 1250 mm

2.2 Buong thu

Buéng thu cia hé théng thr nghiém duoc thiét ké dé tao ra dong khi 6n dinh truge khi di vao bu@)ng tha
nghiém, ting téc d6 dong khi va ting 4p sudt tinh, dong thoi giup dong chay 6n dinh. Bién dang budng thu
dugc tinh toan thiét ké dua vao ti 1é co. Gia tri nay duoc xac dinh b?mg ti 18 dién tich mat cat ngang dau vao
v6i dién tich mat cit ngang dau ra ctia budng thu. Ty 1& co N thuong nim trong gii han tir 4 dén 6 dé tdi
uu hoa dong chay va dugc xac dinh nhu sau [10]:

N A
A

Bién dang ctia budng thu dugc thiét ké nhim dam bao cac tiéu chi chinh nhu tinh ddng déu van tdc tai dau
ra, khong gay hién tugng tich dong va giam sy nhiéu loan ciia dong chay [11,12]. Cac nghién ciru [11,12]
chi ra rang bién dang duong cong budng thu duoc xay dung tir ham da thirc bic 5 gc cua Bell va Mehta 1a
liwa chon t6i wru nhat v6i didc tinh dong chay trong ham gié toc d6 thap khi so véi ham da thirc bac 2 cta
Witoszynski va hai da thirc duong cong bac ba. Do d6, nhom nghién ctru lya chon ty 1€ co 1a 5, tinh toan
chiéu dai ctia budng thu [13] va ap dung phuong trinh da thic bac 5 [10] xay dung bién dang budng thu.
Kich thudc va bién dang budng thu dugc mo ta trong hinh 3 va bang 2.
Chiéu dai budng thu:

(VN =1)xw,
L="——"F+ (2
2xtan (1j
2
Phuong trinh da thtrc bac 5:

y(x)=H,—(H,—H,)x 6{&} —15{&} +1ox(éj 3)

@)
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Hinh 3. Thiét ké kich thudc budng thu va dd thi thé hién bién dang

Bang 2: Thong s6 budng thu

Tén Ki hiéu Gia tri
Chiéu rong budng thu dau vao W, 1118 mm
Chiéu cao budng thu dau vao H: 1118mm
Chiéu dai budng thu L. 1470 mm
Chiéu rong budng thu dau ra Wi=W 500 mm
Chiéu cao budng thu diu ra Ho=H 500 mm

2.3 Luwéitd ong
Céu tric t6 ong véi cac 16 nho gitip chia nhé va lam déu dong khi, tao ra mot dong chay déu va on dinh.
Thiét ké lu6i t6 ong anh hudng tryc tiép dén chit lwong dong khi, giup dam bao cac diu kién thir nghiém
chinh xac va dang tin cay.

Hai yéu t6 chinh cin xem xét trong thiét ké ludi t6 ong 1a ty s6 gitta chiéu dai voi duong kinh thay luc
ctia ludi to ong va d6 x0p ciia ludi té ong nham dam bao hiéu qua on dinh dong tranh gy ton that 4p suit,
dugc cac nghién ctru [14,15] d& xuét gia tri lan luot 1a:

L
6<—"Y <8va 3, >0.8.

honey

Thong s6 k¥ thuat ludi t6 ong duge tinh toan va thé hién trong hinh 4 va bang 3.

Hinh 4. Kich thudc ludi to ong thiét ké va thyc té

Bang 3: Thong s6 ludi to ong

Tén Ki hiéu Gia tri
Dbuong kinh trong Choney 12.7 mm
Chiéu day thanh té bao Shoney 0.07 mm
Chiéu dai 2 té bao lién nhau Zhoney 29.48 mm
Do xbp Bn 0.97
Chiéu dai cta to ong Lhoney 100 mm
Buong kinh thuy luc Dhoney 13.34 mm
11"13111 Ecl liglil;ei l'(I:(l:neu dai va duong Lnoney/Dorey 750
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2.4 Budng thoat

Budng thoat huéng dong khi ra khoi hé thong dng khi dong sau khi da di qua budng thir nghiém. Budng
thoat duoc thiét ké véi cau truc dang phdu dé duy tri 4p suat dong khi 6n dinh va giam thiéu sy tach dong
va hinh thanh dong xoay tai diém thoat. Didu nay giup duy tri sy 6n dinh ctia dong chay bén trong buong
thir nghi€m, tir do6 cai thién do chmh xéc clia cac két qua thi nghiém. Theo nghlen ctru [9,10], thiét ké buong
thoat véi ti s6 gitra dién tich mat cét ngang dau vao va dién tich mat cit ngang dau ra trong khoang tur 2 dén
3 gitip giam ap suat dong va cai thién sy 6n dinh cua dong khi. Nham lam giam chiéu dai cta budng thoat
ma van ddm bdo sy 6n dinh dong khi, nhom tac gid tinh toan chleu dai cta buong thoat [13] va ap dung
phuong trinh da thirc bac 5 [10] dé xay dung bién dang. Thong sb thiét ké va do thi bién dang ng thoat
duoc mo ta nhu hinh 5 va bang 4.

Chiéu dai budng thoat:

_\/_—1 He JA-1 H,
2

L, = =2 =
tan (az j tan (%j
2 2

Trong do Ar: 1a ti 1€ gilra dién tich mat cit buéng thoat va dién tich mat cat buéng thir nghiém [14].
Phuong trinh da thtc bac 5:

5 4 5
y(X)=H, —(H, = Hy)x| 6x| = | —15x| 2| +10x| = (6)tgrege
L, L, L,

B0 thj cua phwong trinh y(x)

(5)

0 100 200 300 400 500 600 70O
X

Hinh 5. Thiét ké kich thudc budng thoat va do thi thé hién bién dang

Bang 4: Thong s6 budng thu

Tén Ki hiéu Gia tri
Chiéu rong budng thoat dau vao W3=W 500 mm
Chiéu cao budng thoat ddu vao Hs=H 500 mm
Chiéu dai budng thoat L, 706 mm
Chiéu rong budng thoat dau ra W, 800 mm
Chiéu cao budng thoat ddu ra Ha 800 mm

2.5  Quat tao gi6 va bién tan

Ngudn gi6 cung cap dong khi qua dng khi dong duoc tao boi quat hudng truc hat khong khi & dau ra cua
budng thoat 6ng khi dong v6i yéu cau duy tri van tde khong khi bén trong budng thir nghiém khong ddi va
bu lai tat ca cac ton that khi dong khi di qua cac bo phan céu thanh 6ng khi dong. Van toc dat toi da 15m/s
trong budng thir nghiém, di¢n tich mat cét ngang budng thur nghiém 0.25 m2, chiéu cao va chiéu rong budng
thoat 800 mm dugc dé xuat trong thiét ke cac thong s dic trung cho quat la do tang ap sut (Ap), luu
luong dong khi (Q), hé sd ton that ap suat tong cong ({ ) va cong suat (P) dugc tinh theo cic cong thirc:

1
A, = Epvzé )
Q=VA (8)
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p=ap® ©)

n

Duya vao cac nghién ctru [16,17] va san pham thuc té cua cac quat gio trén thi truong cing nhu sy phat trién
hé théng ong thir ‘nghiém khi dong trong giai doan tiép theo, nhom tac gia chon quat c6 thong sb nhu bang
5 cting voi bién tan diéu khién toc do gio duge thé hién trong hinh 6.

Bang 5: Thong sé quat tao gio hudng truc

Tén Gia tri
Cong suat dong co 5.5 kW
Tdc d6 tdi da cua dong co 1400 vong/phut
Cot ap 400 Pa
Luu lugng 33000 m¥h
bién ap 380V
Tan s6 50Hz
Kich thuéc khung 800 mm

Hinh 6. Quat tao gi6 va bién tan Sinamics V20 duoc lua chon

2.6 Thu thap va xir ly tin hi¢u

Thu thap va xir Iy tin hiéu 4 budc quan trong trong hé thong thir nghiém dng khi dong ding dé do lyc can,
luc nang va luc ngang tac dong 1én mau thir khi dong khi di qua. Hé thdng nay dugc thiét ké bao gdm thiét
bi cam bién Iyc, bo chuyén dbi tin hiéu, hé thong xtr Iy tin hiéu va cac thiét bi hd tro giup thu thap di liéu
chinh xéc cac lyc khi dong. Cac dir liéu dugc phéan tich dé danh gia hiéu sut khi dong ctia mau thir ciing
nhu xac dinh céac déc tinh quan trong ctia dong chay.

Pé thu thap xu ly s6 liéu dam bao do chinh xac két qua thuc nghiém, nhém tac gia da su dung cac thiét bi
nhu cam bién do tai trong song song GPB160-1 véi tai trong dinh mirc 1a 10N va sai s6 1 0.2%, thiét bi
doc tin hiéula GT203, mach chuyén giao tiép tir USB sang chuén RS485, quat hudéng truc, bién tAn Sinamics
V20, Arduino Mega 2560 va bo may vi tinh két néi theo so d6 dugc mo ta trong hinh 7.

GT 203 X

= 230

NG f—

cwmzmu

GT202Y

CAlM BIEN LUC GPB160

MEGS 2550

Hinh 7. So d6 mach ghép ndi cac thiét bi

68



Tac gia: Bang Tién Phiic va cong su

2.7  Ché tao h¢ thong

Sau khi thiét ké cac bo phan cdu thanh va liya chon thiét bi phi hop, nhém tac gia tién hanh ché tao hé thong
ong khi dong dugc mo ta hinh 8.

Hinh 8. Hé thong dng thir nghiém khi dong hoan thién

TAm t6n ma k&m Z08 dugc st dung dé ché tao buéng thu, buéng on dinh va bu6ng thoat. Ton c6 d¢ day
1,15 mm nham dam bao giam thiéu rung dong phat sinh trén cac tim trong qua trinh thir nghiém, dong thoi
khong qua ning dé tranh gia cd thém két cau khung d&. Cac tAm dugc lién két voi nhau bang cac moi han
va phu mot 16p silicon dam bao khong ro ri khong khi. Lop son phi mau xanh dugc st dung dé chdng an
mon kim loai va dam bao bé mat tim nhin, giup giam hién twong tach dong va giit cho 16p bién mong. D6i
v6i budng thir nghiém, tim mica acrylic day 10 mm duoc lua chon do dic tinh trong sudt dé quan sat, do
bén cao va trong lugng nhe hon so vai kinh duoc lép v6i khung sat V ¢6 kich thude 40 mm x 40 mm. Lop
mit x5p day 10 mm duoc s dung dé bit kin cac khe ho giita cAc phan chinh ciia hé thong. Qua trinh ché
tao cac bd phan cAu thanh hé théng éng khi ddng dugc thyc hién tai nha may.

3 THUC NGHIEM ONG KHi PONG

B bién tan Sinamics V20 dung dé diéu chinh dién 4 ap va tan sd cta dong dién tir do diéu khién van toc quat
hudng truc ong khi dong. Trong nghién ctru nay, thiét bi do vén tbc gi6 Extech SDL350 dugc st dung aé
xéc dinh vén toc gi6 tuong img voi tan s6 bién tan. Hinh 9 mé ta sy bién thién cua van tc gi6 (V) do duoc
trong budng thir nghiém theo tan s (f) ciia quat hudng truc. C6 thé thdy ring van tdc trung binh cta budng
thir nghiém ting theo tin sé quat.

DG thi Van toc theo Tan so
—e— Van tic theo tan s6

14

Van téc (m/s)
= =
=) o

=]

15 20 25 30 35 40 45 50
Tén so (Hz)

Hinh 9. Méi quan hé gitta cac gia tri van toc gio va tan so

Tru6e khi tién hanh thir nghiém trén mau thtr, d6 6n dinh cua hé thong thu thap va xu 1y dir liéu duoc thir
nghiém kiém tra tai van toc 15m/s. Qua trinh thuc hién va két qua dugc mo ta trong hinh 10. Giai doan 1-
2 gia tri lyc 6n dinh, quat hat khong hoat dong. Giai doan 2-3 c6 sy thay dbi dot ngodt gia tri luc nguyén
nhan quat hoat dong 1am dong khi tac dong vao mau thtr nén gia tri luc ting, sau d6 giai doan 3-4 gia tri
lie kha on dinh va miure sai s0 gilta cdc gia tri trong khoang +0.2%. Diéu nay chimg to dong khi trong budng
thir nghiém 6n dinh.
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Thoi gian (s)
Hinh 10. D5 thi luc theo thoi gian tai van tdc 15m/s

Quy trinh thyc nghiém dng khi dong duge mo ta trong hinh 11 véi cic mau thir gdm hinh 1ap phuong, hinh
cAu va hinh tru tron c6 kich thudc duoc mé ta trong hinh 12. Dé xac dinh gié tri luc can (Fq) 1én cac mau
thir, tic gia di thuc hién thir nghiém 3 lan/mau thir tmg véi mdi van tc khac nhau trong 2500 budc lap.
Trudong hop van toc 10 m/s va 15m/s, két qua cho théy sau 1497 budc lap gia tri luc can hdi ty, trong do
gia tri khoang bién thién R= 0.004 va d6 léch chudn nho ¢ = 0.00085, sai s6 chudn 0.00001. Cac nguyén
nhan giy nén sai s6 trong qua trinh thyc nghiém goém do sai s6 cam bién GPB160-1 13 £0.2%, thiét bi xir
1y tin hidu GT203 v&i do chinh xac £0.005% va thiét 1ap hé thong do.

Pat mau thir trong budng
thir nghiém

Khéi dong may tinh va
chwong trinh LabVIEW

-

Chon céng nhén tin hiéu

l

Khai dong quat & dai téc do xac dinh

Poc gi4 tri lye hién thi trén man hinh

Hinh 11. Quy trinh thyc nghiém dng khi dong

Tién hanh dat cac miu thir 1én budng thuc nghiém két ndi v6i hé thong thu thap dit liéu nhu hinh 12, van
tdc thir nghiém duogc thiét 1ap tai 10 m/s va 15 m/s Gmg v6i hé sé Reynolds do lan luot 1a 3.10° va 5.10°.
Mau thir dugc gin vao cam bién lyc GPB160-1 theo phuong song song véi dong khi dé do truc tiép luc can
Fq. Khi dong khi véi van tbc V duge diu chinh 6n dinh tac dung luc 1én mau thir, 1am bién dang cam bién
luc. Su bién dang nay dugc chuyén thanh tin hiéu dién thong qua cAu tric dién tré bién dang trong cam
bién. Tin hiéu nay sau d6 dugc khuéch dai va truyén dén thiét bi xir Iy GT203, gia tri luc can Fq dugc xuat
ra man hinh hién thi. Gia tri hé s6 can khi dong hoc (Cq) theo cong thuc [1]:
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2F,
V7S

Luc can khi dong hoc va hé sé can duoc tinh toan cho két qua nhu bang 6

Cy = (10)

- e >

Hinh lap phuong Hinh cu Hinh tru tron
Hinh 12. Théng sb kich thude mu thir va thiét 1ap mau thir trong budng thir nghiém

Bang 6. Hé s6 can khi dong hoc cuia cic mau thir

So sénh Cq voi

Mau thu Vian toc (m/s) Luc can (Fq) Heé sb can (Ca) | nghién ctru [18]
(%)
Hinh lap phuong 10 0.132 N 0.998 4.95
: 15 0.297 N 1.002 4.57
Hinh ciu 10 0.153 N 0.469 4.22
15 0.346 N 0.467 3.77
Hinh tru 10 0.096 N 0.531 411
j 15 0.214 N 0.527 3.33

Két qua thuc nghiém so v6i nghién ctru [18] co sur sai s6 thap, dudi 5% trong tat ca cac mau thir tai hai
van toc 10m/s va 15m/s. Diéu nay khang dinh hé thong thir nghi€ém ong khi ddng dugc thiét ké va ché tao
c6 do tin cay.

4 KETLUAN

Nghién ctru da thiét ké va ché tao thanh cong hé thong 6ng khi dong hoc ho voi céc thong s6 ky thuét dam
bao d6 chinh xac va 6n dinh trong qué trinh thir nghiém. Hé thong bao gdm cac thanh phan chinh gom
budng thu, ludi to ong, buong thir nghi€m, buong thoat, quat huong truc va thiét bi thu thap va xu 1y s6
lidu. Cac thir nghiém duogc tién hanh trén ba miu thir gdm hinh 14p phuong, hinh cdu va hinh tru véi cac
van tdc 10 m/s va 15 m/s cho tha‘iy hé s6 can khi dong luc hoc co sai $6 thép, dao dong tur 3,33% dén 4,95%
s0 v6i nghién ctru trude chimg to mirc d6 tin cdy cua hé thong thir nghiém. Hé théng 6ng khi dong hoc ho
s& hd tro cac nghién ctru v& t6i wu hinh dang khi dong hoc 6 t6 nham nang cao hiéu suét va tinh an toan

PHU LUC

Ap:dién tich mit cit ngang dau vao budng thu.

Apye: dién tich mit cit ngang dau ra budng thu.

Q: luu lugng khong khi (m?/s).

V: van toc dong khi (m/s).

A: dién tich mit cit ngang cua budng thir nghiém (m2).
S: dién tich can chinh dién ctia mau thir (m2).

al: goc thu hep giita dau vao va dau ra ciia budng thu.
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a2: goc mé rong giita diu vao va dau ra cta budng thoat.

n: Hiéu suét ctia quat (thuong tir 0,6 - 0,8)

p: Mat d6 khong khi (kg/m?), thuong 1a 1,204 kg/m?® & diéu kién tiéu chuan.
Q: Luu lugng khong khi (m?/s).

LOI CAM ON

Nhom nghién ciru chan thanh cém on Truong Dai hoc Cong nghiép Thanh Pho HO Chi Minh da cp kinh
phi d€ nhom thyce hién d€ tai nghién ctru nay (Hop dong nghién ctru khoa hoc s6 56 /HD-DHCN ky ngay
28 thang 06 nam 2024, ma s6 24.1DLO1).
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DESIGN AND DEVELOPMENT OF LOW - SPEED WIND TUNNEL
PANG TIEN PHUC*, BUI CHI THANH, PHAM VIET PHUONG

* Corresponding author: dangtienphuc@iuh.edu.vn

Abstract. The wind tunnel is an important system for testing in the research and development of
aeronautical, automotive, and industrial designs that focus on the aerodynamic characteristics of moving
objects. This paper presents the design and fabrication of an open-circuit wind tunnel with a test section
measuring 500 x 500 mm. Within this section, wind speeds can reach a maximum of 15 m/s, as measured
by the Extech SDL350 anemometer. The aerodynamic forces are recorded using the GPB160-1 load cell
system. Experiments were conducted on three models: cubes, spheres, and cylinders, at velocities of 10 m/s
and 15 m/s. Compared to the reference values, the errors for the cubic model were 4.57% at 10 m/s and
4.95% at 15 m/s. Similarly, the errors for the spherical model were 3.61% at 10 m/s and 4.61% at 15 m/s,
while those for the cylindrical model were 3.6% at 10 m/s and 4.6% at 15 m/s. The test results demonstrated
that the wind tunnel exhibits high reliability and stability. This system contributes to developing of shape-
optimized designs, enhancing aerodynamic performance and vehicle safety.

Keywords. Wind tunnel, aerodynamic, test section, load cell, drag coefficient.
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