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TOM TAT

Ngay nay, cac robot tu hanh dudi nudc dang dugc ing dung rong réi trén toan thé gidi dé thay
thé cho con ngudi trong viéc khdo sat cac vung song, ho; nghién cdu hai duong hoc; do tham &
c4c vung khéng gian hep - nai ma con ngudi kho cé thé tiép can. Khi di chuyén dudi nudc, co rat
nhiéu yéu té lam anh hudng dén chuyén dong clia robot, dac biét la luc can thily dong. Viéc giam
thiéu luc can nay phan nao dé giup gidm thiéu cong suét can thiét ctia déng co, gidp tiét kiém chi
phi trong thiét ké va ché tao. Bai bdo nay nghién ctiu vé luc can tac dung lén hai vay ca nhdp nho
dang séng co bién dang khac nhau bang phuong phap tinh toan dong luc hoc chat luu (CFD) két
hap véi mo hinh réi k-€, phuong trinh chat luu Navier-Stokes va phuong trinh luc can thdy dong
hoc. Két qua cho théy hinh dang clia vay cé cé anh hudng déang ké dén luc can, dac biét khi thiét
ké bién dang vay c6 bién do giam dan theo chiéu dai, luc can cé xu hudng giam di. G téc dé boi
0,2m/s, lyc can tac dung 1én vay c& & mo hinh cai tién giam con 0,07N so véi mé hinh truyén thong
la 0,95N. Ngoai ra anh hudng clia van téc bai cing dugc khao sat trong bai bdo nay. Khi van t6¢
bai tang déu tir0,1m/s dén 0,3m/s, luc can & mo hinh cai tién tang tir 0,02N dén 0,16N trong khi dé
mo hinh truyén théng tang tr 0,26N dén 2N. M6 hinh dugc xay dung bang phan mém Spaceclaim
va md phong tinh toan va téi uu luc can bang ANSYS Fluent véi cac diéu kién bién va thong sé phu

hop vdi cac thuc nghiém trudc do.

Tu khoa: CFD, luc can, vay ca gimnotiform, vay ca phéng sinh hoc

GIGI THIEU

Cac nghién citu vé€ nhiing robot van hanh duéi nudc
da dugc tién hanh tu rat sém nhung nhiing nam trg
lai d4y, nhiing robot mé phong lai hinh déng ciing
nhu hanh vi, cti ddng ctia cac loai dong vat dang xudt
hién ngay cang nhiéu do sy ting lén vé€ nhu cdu do
thdm, chinh phuc bau troi cling nhu dai duong ctia
loai ngudi. Trong khoang tit 10 ndm trd lai day, Festo
da cho ra mét rdt nhiéu robot phong sinh hoc cyc ki 4n
tugng nhu robot Kangaroo, chim, nhén, doi,... Trong
6 d6, c6 thé ké dén robot ca c6 mang vay mo phong
lai vy bung ctia ca dao ma den Nam My. Nguyén ly
cta n6 khd don gian: khi dao dong, vay tao ra mot
séng co hoc di chuyén doc tit trudc ra sau va tao ra
mot luc ngugc lai giup cho cé c¢6 thé chuyén dong vé
phia trudc. V6i dic diém d6, ca dao ma den c6 thé
di chuyén nhanh & nhiing noi ¢ khong gian hep, san
modi trong im lang ma khong gay ra su xdo dong cho
vung nudc phia sau nhu chén vit tau thay hay mot s6
dong co phan luc khac.

Mang vay dic biét ctia cd dao ma den da va dang thu
hut rdt nhiéu sy chd y ctia cdc nha khoa hoc trén khip
thé gidi. Da cé rat nhiéu bai bao khoa hoc lién quan
dén cé dao ma den, ho nghién ctu ti nhiing van dé

vé cdu tao sinh hoc ctia vay cd d€ tim hiéu cach ching
boi cho dén viéc phat trién nhiing moé hinh robot mé
phong lai hinh déng va chuyén dong doc déo cta loai
canay. C6 mot s6 nhom tac gia mudn cai thién téc do
boi cho cd nén da nghién ctiu vé kha nang tao ra luc
d&y trén mot vay ca nhén tao dugc ho thiét ké va diéu
khién bing hé théng co - dién ti!~>. Nhém nghién

4 ciing da tim hiéu vé chuyén

cliu ctia Youngerman
dong vay bung cd dao ma den & cic kiéu boi khac
nhau nhu boi tién, boi lui, boi diing,... va rut ra dugc
cach thiic di chuyén ctia n6. Piéu nay c6 y nghia quan
trong trong cac thiét ké robor sau nay. Trong mot bai
béao khac, nhém nghién cttu ctia Maclver® da thiét ké
mot hé thong diéu khién dé thay d6i cac thong s6 dong
hoc ctia vay c4 va da kham pha ra dugc cac gid tri t6i
uu cta cac thong s nay d€ tao ra luc ddy 16n nhat.

Co hoc chit luu va thay - khi dong luc hoc tinh todn
(computational fluid dynamics - CFD) 1 cac linh vuc
dang c6 nhiéu budc phit trién vugt bic vi giai quyét
dugc rat nhiéu bai toan ki thuét trong cac nganh khac
nhau nhu céng nghiép 6 t6, hang hai dudng thuy,
cdng nghé ché tao cic loai mdy bay siéu thanh hay cac
van dé vé sudi, thong gi6 va diéu hoa khong khi (heat-
ing, ventilating and air conditioning - HVAC) trong
céc tda nha. Nhém nghién cdu ctia Fangfang Liu®

Trich dan bai bao nay: Long L T, Dat P T, Phti N T. Ung dung CFD trong téi uu luc can tiac dung lén
vay ca chuyén déng dang séng. Sci. Tech. Dev. J. - Eng. Tech. 2022; 5(S11):1-8.
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da dung camera ghi lai chuyén dong cua céc phén tu
nudc trong qud trinh vay cd dao dong va da rut ra
nhén dinh rang cdc phan tt nuéc dé c6 xu hudng
chuyén dong ra sau. Sau d6 ho dung CFD d€ mo
phong kiém ching va da cho ra két qua phu hgp véi
thi nghiém. Nhém nghién ctiu ctia Dae Hwang Kim”
ciing da ung dung CFD d€ tim hiéu cac hinh dang
khdc nhau ctia vdy c4 ciing nhu cac diéu kién moi
trudng khéc nhau anh hudng nhu thé nao dén luc ddy
sinh ra. Nh¢ vao CFD, nhém nghién ctiu ctia Curet8
da rut ra dugc két ludn rdng luc ddy ctia cac robot ti
1¢ thuén véi tan s6 dao dong, goc md tia vay va budc
song.

Trong cac ing dung do tham duéi ddy séng ho, robot
c4 khong nén di chuyén qua nhanh vi nhu thé sé gay
ra kho khan trong viéc thu thép hinh dnh r6 nét ti
camera, vi thé vin dé t6i uu hoa luc cén cho ca robot
khi di chuyén trong nhiing moéi trudng séng, ho c6
dong chéy tu nhién dang dugc quan tim dé€ gidm bét
cong sudt cho cac dong ca. Trong bai bdo nay, CFD
dugc ting dung dé€ so sanh lyc can ctia dong chay tac
dung1én hai m6 hinh vay ca khac nhau: mét mo hinh
truyén thong va mét moé hinh dugc diéu chinh vé thiét
ké. Phan mém ANSYS Fluent dugc st dung trong
bai todn nay d€ tinh toan cac phuong trinh Navier-
Stokes, phuong trinh béo toan khéi lugng, dong lugng
va phuong trinh luc can thty ddng hoc. Ngoai ra, anh
hudng cua vén téc bai cling dugc so sanh gitta hai mo
hinh.

MO HINH VAT LY VA PHUONG PHAP
sO

M6 hinh vat ly

Dé don gian hoéa viée tinh toan ciing nhu tiét kiém tai
nguyén cho may tinh, bai toan hoan toan c6 thé dugc
khéo sit bing mo phong 2D. O cic nghién ctiu trude
day, bién dang vay cd c6 dang ham Sine ctia dao dong
diéu hoa (harmonic motion) trong cc hoc. O bai toan
nay, bién dang vay ca sé dugc thiét ké c6 dang do6 thi
ctia dao dong tit dan (damped motion) nhu Hinh 1.
MO hinh ¢6 tdng chiéu dai L, dugc m6 phong trong
mot kénh nudc hinh chit nhat véi chiéu dai H va chiéu
cao W. Bai todn dugc khao st trong hé quy chiéu phi
quan tinh gin véi vay. Khi d6, nuée sé di chuyén véi
van tdc u tuong d6i so véi vay va ra khoi ving nudce
tai mit bién outlet dugc thiét 1ap 1a pressure outlet v6i
ap sudt tuong ddi so v6i khong gian ngoai la p. Hai
mit trén va duédi ciia moé hinh dugc thiét 14p la tudng
tinh & dang specified shear. Chit long dugc dung dé
khdo sat 1a nudc c6 khéi lugng riéng p, c6 do nhét
dong hoc u va nhiét do T. Cac théng s6 cta chit 1ong
dugc cho 6 Bang 1.

Phuong trinh bién dang vay cd la m¢ét ham y = f(x) c6
dang:

y = Age P¥sin (27x /1) (1)

Trong d6, Ag 1a bién d¢ ban dau, B 1a hé s6 tit dan
(B >0), A labudc séng. Thong s6 ctia bién dang vay
dugc cho 6 Bang 2.

Bang 1: Tinh chat vat ly ctia nudc

Ki hiéu Gid tri Pon vi
p 998,2 kg/m?3
u 1,003 mPa.s
T 25 aC

Bang 2: Théng s6 hinh hoc cho mé phéng

Ki hiéu Gid tri Don vi
H 0,95 m
W 0,35 m
L 0,45 m
Ap 0,03 m
2 m~!
0,15 m
u 0,2 m/s
0 Pa
Phuong phap sé

Trong nghién ctiu nay, phuong trinh Navier-Stokes
va phuong trinh béo toan khéi lugng dugc st dung
dé tinh todn hanh vi ctia nudc. Phuong trinh Navier-
Stokes c6 dang tuong tu nhu phuong trinh ctia dinh
luat IT Newton va do d6 né c6 thé gidi thich dugc hau
hét cac bai todn lién quan dén chat luu. D6i véi dong
chay khong nén dugc, phuong trinh Navier-Stokes®
c6 dang:

du
P = —Vp4+uViU +F )

V-U=0 (3)

Trong d6 p 1a khoi lugng riéng ctia nuéc; U=(u,v,w)
la vector vén t6c ctia cac phén ti nudc; u 1a do nhét
dong hoc ctia nudc; F 1a ngoai lyc tac dung 1én khéi
nuéc; p 13 ap sudt; ¢ 1a thoi gian.

Ngoai ra, trong bai todn nay mo hinh rdi Realizable
k-& duogc chon dé€ tinh todn chinh x4c cho luc can
va cdc xody xudt hién trong mé6 hinh. Mo hinh Re-
alizable k-€ 12 mdt mo6 hinh méi so v6i hai mé hinh
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Specified shear
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Specified shear

Outlet W

Hinh 1: Bién dang 2D cua vay ca

truyén théng 1a Standard va RNG (Re-normalisation
Group). Ngay nay né dugc st dung rong rai trong
cong nghiép vi moé hinh hinh st dung phuong phap
tinh trung binh RANS (Reynolds Averaged Navier-
Stokes) giup tiét kiém t6i da thdi gian tinh todn va
b6 nhé ctia may, d6ng théi mo hinh nay cho két qua
chinh x4c hon hai mé hinh truyén th6ng vi khéc phuc
dugc nhiing nhugc diém ctia chung. M6 hinh gém hai
phuong trinh:

Phuong trinh d6ng nang réi (k) °:

200+ 7 (oku) = 2 [(u ) 2]
+Pc+ Py —p — Y + Sk (4)

Phuong trinh t6c d tiéu tan ctia dong ning (¢)°]:

d d ) @ M) O
5 o)+ 3 (pewy) = [ (n+ &) 32
+pC15€—pC2k+8ﬁ +C18%C35Pb+58 (5)

Trong do:

C| = max [0.43; %} = S%; S=/25;Sji;

Py 1a sy tao ra dong nang réi do dnh hudng cta gra-
dient van t6¢ trung binh.

Py, la sy tao ra dong nang rdi do anh hudng cua lyc
néi.

Yy dai dién cho su déng gép ctia d) gian nd dao dong
trong dong chay réi nén dugc vao téc d¢ tiéu tan téng
thé.

Sk vaSe lacaché sé thuc nghiém do ngudi diing dinh

nghia.
= pCy; iy 1a o nht réi.
_ 1
Cu = kU *
Ag+A, ——
£

Trong d6 U* = 1/S;;S;; +§27j§/2;

Qij = Qij —2&;
Qij = Qij — & jk O

Q; j 1a tensor t6¢c d6 quay trung binh dugc xét trong
mot hé quy chiéu chuyén dong véi van toc goc @y
Ap va Ag 1 céc hang s6 ctia mo hinh, dugc xac dinh
béi:
Ag=4,04; Ay =/6cos @
Trong do:
9= %COS_] (\@W) , W= Si'fg’g?ski
§= /555, Sij:%(zi%%

i x;
Céc hiang s6 cia m6 hinh 13 Cj, =1,44; C; = 1,9; 01,
=100 =12
Luic can ctia nudc tac dung lén vay dugc xac dinh béi
phuong trinh®:

1
Fp= EpCDAv2 (6)

Trong dé A la dién tich tham chiéu, 13 phan dién tich
tiép xtic clia vy ca voi dong nudc; Cp 1a hé s6 can; v
la van t6¢ dong nudc.

Sau d6, phuong phép thé tich hitu han (finite element
method, FVM) dugc st dung d€ tinh todn cho moé
hinh. D€ dp dung phuong phép nay, mé hinh dugc
rdi rac thanh nhiing phan tt nho goi la ludi (mesh).
Vi bién dang véy cd c6 dang dudng cong nén trong
bai toan nay ludi tam giac véi kich thude 7mm 1a Iya
chon phu hgp dé€ chat lugng ludi t6t hon, giup bai
toan dé hoi tu va cho két qua tin ciy hon. Ngoai ra,
vung gin vay ca la mét ving quan trong hon so véi
cdc viing ndm xa vay cd vi day 1a vung tiép xdc gitta
dong nudc va vay, vi thé luéi & day dugc chia min
hon béng phuong phép Edge Sizing véi kich thuéde
0,8mm. Vi chit long dugc xem c6 tinh nhét nén tai
16p bién ctia vay ta cin tinh lai profile van t6¢ dong
nudc. Do d6, phuong phép Inflation dugc chon dé
x4c dinh chinh x4c van tdc tai 16p bién. Ludi sau khi
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Hinh 2: K&t qua chia lugi cia mé hinh

chia dat 32899 phén tit v6i 21056 nodes, két qua dugc
thé hién ¢ Hinh 2.

Céc phuong trinh vi phan dugc dé xudt trong mé hinh
sau d6 sé dugc dp dung d€ tinh todn cho tling phén tt.
béi véi dic tinh ap sudt-van téc, phuong phap SIM-
PLE dugc st dung d€ nghién ctu. Céc phuong trinh
tinh toan vé 4p sudt, dong lugng, dong nang,...dugc
rdi rac hoa bing phuong phéap Upwind bac hai dé cho
két qua chinh xac hon. Bai toan dugc khao sat tinh
v6i 4000 vong lap.

KET QUA VA THAO LUAN

Vay céd dugc méd phong trong nudc & nhiét do moi
trudng véi cic thong s6 da néu & Bang 1 va Bang 2.
Hinh 3 biéu thi phin bd vén t6c xung quanh mo hinh
vay ca dugc cai tién khi robot boi & vén téc 0,2m/s.
Dua vao két qua mo phong, ta théy sy thay di van
toc tép trung & khu vic gdn moé hinh: vin tdc nudc
dat gid tri l6n nhdt ¢ phin ddu va nho nhit & phan
gilia cac vung bung séng doc theo vay. Van tdc tai
phén d4u vay I6n 1a do bién dang cong cuia véy tao ra
mot goc tiép xuc bat lgi cho dong nudc tiép xuic véi
vay, tai dy xdy ra sy phén tdch dong lam cho dong
nude d6i hudng dot ngdt va lam ting van tdc tai khu
viic nay. O cac viing khic dong nudc it bi can trd hon
nén véan tc do d6 ciing c6 su phin bd déng déu véi
gid tri nho hon.

Hinh 4 thé hién cdc vecto van t6c xung quanh mo
hinh, cdc xody c6 thé dé dang thdy & céc ving 16m
ctia vdy. Cac xoday trong mo hinh nay ton tai 6 ba
ving 10m dau tién clia vay va cang vé sau cic xody nay
dudng nhu khong con. Trong linh vuc khi dong hoc,
cdc vung xody nay la diéu khéng mong mudn trong
cac mo hinh thiét ké vi trong cac viing nay xay ra su
mAat mat dp sudt dang ké va tao ra mot viing ap suét
thép gay ra sy mét 6n dinh va tryc tiép anh hudng
dén luc can giy ra cho mé hinh. Hinh 5 1a két qua mé

phong ctia phén b 4p suat ctia viing thé tich dang xét.
C6 thé thiy vung khong gian ngay trudc moé hinh ¢
ap sudt 16n nhét trong tat cd viing. Péc biét, ngay tai
diém tiép xuc p sudt dat gi4 tri cuc dai. O nhiing viing
x0dy d4u, do anh hudng clia xody Eddy nén tai day ap
sudt nho hon va dugc thé hién bsi phé mau xanh. 6]
nhiing bung séng tiép theo cdc xody tiéu bién dén, tai
day ap sudt mat mat khong nhiéu nén cé gid tri 16n
hon céc vung phia truée. Nhung nhin chung, van c6
su chénh 1éch 4p sudt gitia cac vung do do géy ra luc
can thiy dong cho vay trong qud trinh dao dong.

DéE c6 thé dé dang so sanh hiéu qua gitia hai moé hinh,
bai todn md phong cho vay cd truyén théng dugc tién
hanh. M6 hinh véy cé truyén thdng la mo hinh cé bién
dang vy mang hinh dang cta d6 thi dao dong diéu
hoa, vi thé bién d6 1a mot gid tri hang s6 va khi d6 hé
s6 tat dan B = 0, cac diéu kién vat ly khac déu gidng
s0 v6i mo phong ctia vay ca cai tién. Hinh 6 13 biéu d6
mau cho phan b van t6c xung quanh mo hinh truyén
thdng. Dya vao hai d6 thi ¢4 thé thy ring sy phan bo
cac dai mau c6 sy tuong dong gitia hai mé hinh tuy
nhién c6 mot sy khac biét 1o rét vé kich thude ctia
viung nuéc ¢ van tdc thap. Ta thiy & mo hinh nay,
vung nudéc c¢d van tdc thip c6 dién tich phan bé rong
hon nhiéu so v6i md hinh céi tién nguyén nhan chu
yéu la do xuét hién nhiéu cic goc tiép xic bt lgi cho
dong chay.

Trudc day, da c6 mét s cong trinh nghién ctiu vé tinh
chat thity dong ctia m6 hinh véy truyén théng >7-10:11
[5],(7],[10-11]. Tuy nhién cac nghién ctiu da s6 déu
tap trung vao luc ddy sinh ra bdi mo hinh nay va van
con mot s6 nhuge diém con ton tai 6 mo hinh vay
truyén théng. G Hinh 7, cic xody nudc c6 thé duge
nhan thdy & tit ca cac bung séng chii khong chi riéng
& ba bung séng ddu nhu mo hinh cai tién. Do d6 cd
thé dé dang dy dodn rang trong mo hinh nay sy mét
mat ap suét dién ra tai cic viing xody 14 16n hon nhiéu
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Hinh 3: Phan bé van téc xung quanh mé hinh vay ca cai tién véi u = 0,2m/s, § =2

Hinh 4: Vecto van t6c xung quanh mé hinh vay cé cai tién véi u = 0,2m/s, § = 2

Hinh 5: Phan b6 ap sudt xung quanh mé hinh vay ca cai tién véi u = 0,2m/s, § =2

50 vG3i mo hinh dau va sy 6n dinh cia m6 hinh do do
ciing khong dugc dam bao. Hinh 8 thé hién mot céi
nhin ré rang hon vé€ ép sudt xung quanh mang véy.
Van ¢4 su tuong dong trong su phin b6 cic phé mau
tuy nhién & déy dién tich viing ap sudt thdp lén hon
nhiéu so v6i trudng hgp dau nguyén nhan la do su
hinh thanh quad nhiéu xody trén moé hinh. Diéu nay
dan dén sy gia tang luc can déang k€ 1én mo hinh.

Trong thiét ké t&i uu khi dong, cic ki su thiét ké luon
mong mudn gidm thiéu di cdc viing dp sudt thdp sinh
ra trong m6 hinh. Trong thiét ké bong golf, thay vi

lam tron thi rit nhiéu ranh ciu khoét 16m (dimple)
dugc tao ra cha yéu 1a d€ giam viing xody dp thdp phia
sau giup cho béng c6 thé di xa hon, dn dinh hon dan
dén viéc béng dé roi tring dich hon 2. Vo ctia mot s6
hang xe 6 t0 cling dudc thiét ké c6 phan than sau hoi
nghiéng vé€ phia mat duong moét géc nho ly do chinh
ciing la d€ gidm lyc can khi dong giap tiét kiém nhién
liéu cho xe !3. Viéc thiét ké cai tién vay cd trong bai béo
ciing dya trén céc nguyén ly d6 vi c6 thé thdy dugc ro
rang vung ap thép bi thu hep dang ké do sy giam dan
ctia bién d¢ tai cac dinh séng.
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Hinh 6: Phan bé van t6c xung quanh mé hinh vay truyén théng véi u =0,2m/s, =0

Hinh 7: Vecto van t6c xung quanh mé hinh vay ca truyén théng véi u = 0,2m/s, § =0

Hinh 8: Phan bé ap sudt xung quanh mé hinh vay cé cai tién véi u = 0,2m/s, =0

Dé xem xét sy &nh hudng ctia van tdc boi ctia robot
cd lén lyc can sinh ra, ¢ hai mo6 hinh dugc tinh toan
tai cdc van t6c khéac nhau 1a 0,1m/s, 0,15m/s 0,2m/s
0,25m/s va 0,3m/s. Hinh 9 13 d6 thi gia tri lyc can tac
dung 1én hai m6 hinh tai ndm gia tri vin t6c u khac
nhau. Cé thé thdy méi quan hé gitta lyc can va vin
t6c 1a gdn nhu tuyén tinh. Vén téc di chuyén cang 16n
luc can sinh ra cang nhiéu. Nhung nhin chung, luc
céan sinh ra ¢ mo hinh céi tién th4p hon rét nhiéu so
v6i mo hinh truyén théng. Mot diéu niia ¢6 thé dugc

rut ra tit d6 thila d6 d6c cta duong d6 thi mau do 16n
hon v6i dudng d6 thi mau den. Diéu nay ¢ nghia la
& mo hinh cai tién, khi robot boi vdi van t6c nhanh
hon thi lyc can cé ting nhung ting véi téc dd chim
hon so v6i mo6 hinh mang véy truyén thong. Diéu nay
cho phép robot cé c6 thé hoat dong dugc & dai van téc
réong hon ma khong cin quan tim nhiéu dén vin dé
Ic can tang vugt qud gid tri cho phép.

Bang 3 trinh bay cac lyc can tinh todn dugc tit phin
mém ANSYS Fluent. C6 thé dé dang nhén thdy luc
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Drag Force (N)

—&— M5 hinh cai tién
—&— M6 hinh truyén thdng

0.0

= — = .

0.10 0.15

0.20 0.25 0.30

Velocity (m/s)

Hinh 9: Luc can tac dung lén hai mé hinh & céc van t6c khac nhau

Bang 3: Gia tri luc can tai cac van téc boi khac nhau

Van t6c (m/s)

0,1 0,26
0,15 0,56
0,2 0,95
0,25 1,45
0,3 2

Luc can 6 mo hinh truyén thong (N)

Luc cdn ¢ mo6 hinh cai tién (N)
0,02
0,04
0,07
0,11

0,16

can sinh ra ¢ mé hinh cai tién c6 gid tri nhé hon moé
hinh truyén théng khoéng 10 14n. Gid tri16n nhat ctia
luc can 6 mo hinh cai tién 13 0,16N, bé hon ca lvc cdn
nho nhét & moé hinh truyén thong la 0,26N. Khi robot
ca ting toc thém 0,05m/s luc can trén mo hinh cai tién
chi taing khodng 0,04N trong khi d6 & mo hinh truyén
thong la khoang 0,43N.

KET LUAN

Trong bai bdo nay, cac phuong phép s6 va mo6 hinh
phut hgp da dugc dua ra d€ moé phong tinh todn luc
can ctia nudc gy ra cho mang vay robot nhan tao.
Céc két qua vé€ phan b6 van tdc, ap sudt cling nhu cic
do thi va s6 liéu da chi ra sy hiéu qua ctia m6 hinh

vay cd cai tién trong viéc gidm thiéu di luc can thay
dong. 3 t6c d6 boi 16n nhit dugc khao sat 13 3m/s,
lc cin tdc dung 1én vay ca gidm tit 2N xudng chi con
0,16N khi ta thay thiét ké truyén thdng bang thiét ké
moi. Bén canh d6, t6c do gia ting luc can khi thay
d6i véan t6c AF/Av cla robot ciing dugc giam di dang
ké tu 8,6N.s/m xudng con 0,8N.s/m. Diéu nay c6 y
nghia quan trong trong cac hoat dong thiét ké sau nay
vi gitp gidm thiéu nang lugng cén thiét d€ van hanh
robot do d6 tiét kiém chi phi san xuét ngoai ra con
giup cho robot van hanh &n dinh va chinh xdc hon

trong mdi truong nudc.
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LOI CAM ON

Nhoém nghién ctiu xin cdm on Trudng Pai hoc Bach
Khoa, PHQG-HCM da h6 trg thdi gian, phuong tién
va co sG vat chat cho nghién ctiu nay.

DANH MUC TU VIET TAT

CFD Computational Fluid Dynamics

FVM Finite Element Method

HVAC Heating, Ventilating and Air Conditioning
RANS Reynolds Averaged Navier-Stokes

RNG Re-normalisation Group

XUNG POT LOI ICH

Nhoém téc gia xdc nhan khong c6 xung dot loi ich lién
quan dén cong trinh nghién ctu.

PONG GOP CUA CACTACGIA

Nhoém téc gia st dung phuong phép tinh toan dong
luc hoc chétluu d€xac dinh luc can ctia nudc tac dung
1én vay ca khi vay cd chuyén dong. Cac thanh vién déu
c6 dong gép nhu nhau trong nghién ctiu nay.
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ABSTRACT

Nowadays, autonomous underwater robots are being widely applied around the world to replace
humans in surveying the rivers and lakes; researching the oceanography; spying in narrow spaces
- places that are hard for humans to reach. When robot moves underwater, there are many factors
that affect the robot's movement, especially hydrodynamic resistance. This reduction in drag helps
to reduce the power of the motor, save costs in design and manufacture. This paper studies the
drag force acting on two undulating fins with different profiles by the computational fluid dynamics
(CFD) method with the popular turbulence model k-g, the Navier-Stokes equation, and the hydro-
dynamic drag equation. The results show that the shape of the fin has a significant influence on the
drag, especially when the fin profile design has a decreasing amplitude with length, the drag tends
to decrease. At the swimming speed of 0.2m/s, the drag force on the improved model is reduced
t0 0.07N, compared to the traditional model of 0.95N. In addition, the influence of swimming speed
is also investigated in this paper. When the swimming speed increases from 0.1m/s to 0.3m/s, the
drag force on the improved model increases from 0.02N to 0.16N while that in the traditional model
increases from 0.26N to 2N. The model was built by Spaceclaim software and simulated to calcu-
late and optimize drag by ANSYS Fluent with boundary conditions and parameters consistent with
previous experiments.
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