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Tém tit: Hién nay viéc sur dung cdc logi tau, thuyén cé gdan cdc cum mdy chan vit ¢& nhé da dan
tré nén phé bién. Dya trén nén ting vé kich thuéc hinh hoc cua chan vit di theo cum may lap ngodi
Suzuki DF 9.9 ¢ nhitng nghién civu triede, trong bai viét ndy ching téi sé vmg dung phan mém ma
nguén mao OpenFOAM aé thyc hién khao sat nguoc dac tinh vé thuy dong hoc cua chan vit 225x205
mm, ba la canh di kém véi cum may ldp ngoai Suzuki DF 9.9. M6 hinh réi k- € sé dwoc chon dé dp
dung trong viéc tinh todan. Cdc két qua thu dwoc tir mé phong sé sé dwoc ddnh gid va so sanh véi cdc
két qua thwe nghiém da duoc trién khai tir truGe. Vi do tin cdy dat dworc, ung dung cua qud trinh mo
phong . $6 s€ cung cdp dén nguwoi khai thac tai liéu tham khdo c6 gid tri vé ddc tinh cua chdn vit cum
may ldip ngoai Suzuki DF 9.9 trong viéc phan tich lya chon ty so truyen dong phu hop khi thay thé
ddéng co né béi dong co dién cé day cong sudt twong dieong ciia mdy ldp ngoai bon thi 9.9 hp di kém
voi cum chan vit Suzuki DF 9.9.

Tir khéa: Mé phong so, khao sat nguege ddc tinh thily déng hoc ciia chén vit.

Chi 56 phén logi: 2.1

Abstract: Nowadays, the use of ships and boats with small propeller clusters is becoming more
and more popular. Based on the geometry of the propeller, follow the Suzuki DF 9.9 apart from
previous studies, in this article, we will apply OpenFOAM, an open source software to carry out
reverse engineering of the performance of the Suzuki DF 9.9’s propeller. This is a 3-blade propeller
with dimensions of 225x205 mm. Due to the popularity and widely used in today's industry, the k-
epsilon model will be selected for use in our simulations. The simulation’s results will be evaluated
and compared with the experimental results that have been implemented before. So, the application of
the numerical analysis of the Suzuki DF 9.9’s performance could provide consumers with valuable
reference in selecting the appropriate gear ratios when the an electric motor is used instead of the
four stroke 9.9 hp outboard motor.
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1. Gidi thiéu

Hién nay, xu huéng cta cac nha san xut
dong co 1ap ngoai cho tau thay l1a thuong sir
dung c4c mau chan vit tu thiét ké va ban kém
véi may chinh thanh mot cum cho khach
hang. Hinh thicc nay gitp ngudi st dung
thuan tién hon va do mat thoi gian dé lya
chon chéan vit phu hop véi cum may. Tuy
nhién, n6 gay khong it kho khan khi thay thé

tng dung cong cu mo6 phong s6 dua trén ma
nguén mé OpenFOAM dé khao sat nguoc
dac tinh thay dong hoc cua chan vit di theo
cum may lip ngoai Suzuki DF 9.9, tir d6 dua
ra phuong an lua chon ti s6 truyén dong phu
hop khi thay thé dong co nd béi dong co dign
két c6 cung day cong suat ma van su dung
duoc chan vit géc va cum éng bao truyén
dong caa cum may lap ngoai Suzuki DF 9.9.

dong co nd boi dong co dién dé sir dung cho
phuong tién thuy than thién moéi truong nhu
tau nang luong mat troi..., boi dac tinh cua
chan vit di theo cum may Iap ngoai thuong
khong duoc nha san xuat cung cap. Cac két
qua trinh bay trong bai viét nay huéng dén

bac trung thiy dong hoc cua chan vit
tau thiy 12 cac dudng dic tinh luc day, dic
tinh md men xodn, dic tinh hiéu sut theo ti
s6 tién cua nd. Va do do, khi ap dung cac
cong cu mod phong sé cho muc dich khao sat
dic tinh thuy dong hoc cua chan vit, cac thiét
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lap dua ra thuong 13 trudng dong 6n dinh
(steady state) va bo qua anh hudng caa hién
tuong xam thyc (non-cavitation). Phuong
phap mo phong dua trén nhitng gia thiét trén
thuong dugc goi 12 RANS. Trong RANS, cé
rat nhiéu mé hinh réi thuong duoc st dung
trong md phong dic tinh cua chan vit, phd
bién trong s6 d6 1a mo hinh rdi k-, md hinh
réi k- va mo hinh rdi k- SST. Trong céc
nghién ciru duogc cong bd boéi Chang [1] va
Sanchez-Caja [2], md hinh réi k-g duoc sir
dung d& mo phong s6 dac tinh ciia mau chan
vit P4119; nghién ciu dugc cong bd bai
Guilmineau [3], md hinh réi k- SST (mot
bién thé ctia md hinh k-w) duogc lya chon cho
cac nghién ciu chuyén sau vét hau luu phia
sau chan vit. Cac nghién ctru nay déu co lién
quan va cho ra két qua phu hop.

Nhu vay, muc tiéu chinh trong bai bao
nay do la thong qua viéc danh gia do tin cay
ctia qua trinh mé phong tinh toan sé dic tinh
thuy dong cua chén vit, nhom nghién ctu sé
tién hanh lya chon ty sb truyén phd hop dé
t6i uu hoa hiéu suat hoat dong cua chan vit
va dong co dién.

2. Xay dung m6 hinh mé phéng s0
dac tinh thiy djong hoc ctia cum chén vit
lip ngoai Suzuki DF 9.9 HP

Bién dang cua chan vit di theo cum may
Suzuki DF 9.9 da dugc khao sat va dung
hinh hoc 3D bang phuong phap quét bién
dang khong tiép xdc (hinh 1.a) [4]. Chan vit
khao sat c6 dic trung vé hinh hoc nhu sau:
Puong kinh (D) 1a 225 mm; s6 14 canh (2) 1a
3; ti s6 P/D dic trung 1a tai 0.7R 14 0.9; buéc
hinh hoc trung binh (Pmean) 12 205 mm; ti s6
Age/Ao 12 0.45. Ngoai ra, 6ng bao dong co s&
duogc tich hop trong moé hinh tinh toan dé
tang tinh thyc té cho bai toan (hinh 1.b, c).

Hinh 2 va hinh 3 thé hién kich thuéc
mién luéi dugc xdy dung dua theo céc
nghién ctu trude day [5]. Véi kich thude
mién luéi nhu vay, bai todn md phong sé& han
ché duoc céc anh huong cua bién ciing nhu
tiét kiém duoc téi da thoi gian tinh toan.
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Hinh 1. Hinh hoc ciia chan vit va éng bao dong co.
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Hinh 3. Kich thuéc cia mién quay va cac bién cia
mién moé phong.

O vuing gan tuong (hinh 4), sé luong 16p
bién it hay nhiéu s& tiy thudc vao gia tri Y+
lya chon. V& co ban, sb luong 16p bién cang
nhiéu thi d6 chinh x4c s& cang tang va nguoc
lai. VAn dé nay s& du’oc danh g1a o phan sau.

H|nh 4. Ludi tetra, chia khong cau trac
cho mién xoay.

O cac mo hinh thuc nghiém danh gia dic

tinh hoat dong cua chan vit chuin
Wageningen B-series true ddy, hau hét két
qua thuc nghiém déu duoc tién hanh véi chan
vit thu nho c6 duong kinh 240 mm, ¢ s6
vong quay cua chan vit la 330 vong/phut tng
véi s6 Reynold dic trung 1a 2.1x10° [7]. Bé
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c6 thém két qua tham khao tir cac két qua cua
cac loai chan vit chuan Wageningen B-series,
cum chan vit lap ngoai may Suzuki DF 9.9 s&
thuc hién md phong s dac tinh hoat dong
v6i mé hinh réi k-¢ ¢ téc d6 vong quay la
330 vong/phut (tuong tng véi sé6 Reynolds 1a
2.3x109).

Hinh 5 biéu thi cac gia tri két qua md
phong s6 thu dugc cho hé sé luc day (Kt)
ciia cum chan vit 1ap ngoai may Suzuki DF
9.9 tai hé sé tién (J) 12 0.9 voi ca&c md hinh
luGi ¢6 s6 phan tir ludi ting dan. CO6 thé dé
dang nhan thay rang, sé phan tir ludi cang
tang 1én thi gia tri Kr tai J 1a 0.9 ¢6 xu hudng
x&c 1ap vé mot gia tri xac dinh. Trong bai
toan md phong nay, Y+ la 30 dwoc chon
(twong Gng Vi cau tric mién ludi khoang 4.8
trieu phan tr). Theo do, cac két qua md
phong sé dic tinh cua chan vit di kém voi
cum may lap ngoai Suzuki DF 9.9 véi Y+ la
30 s& duoc trinh bay & céc phan tiép theo.

Triéu Phan Tir Lurdi

Hinh 5. Panh gid dj hoi tu hedi 1én két qua mo
phong sé cua hé so luc day tai J 1a 0.9.
3. Panh gia két qua m6 phéng
Két qua md phong s truong dong qua
cum chan vit may lip ngoai Suzuki DF 9.9
tai hé s6 tién (J) 1a 0.1 duoc thé hién & hinh
6. Phan bd van téc giam dan tir chan vit chay
dai vé phia cudi mién tinh toan va tién vé gia
trj van toc trudng dong ¢ J 13 0.1. P6 ciing c6
nghia la nang lugng dugc tao ra bai chan vit
d3 bi phan tan hoan toan & phia xa ding sau.
Hinh 7 thé hién phan b ap suit trén mat
day va mat hat caa chan vit. O mat hat nudc,
&p suat ting dan tir miii canh ra dudi canh va
nguoc lai & mit day nude. Thém vao do, ap
suit & mat day lén hon mat hat, diéu do tao

ra luc day nguoc chiéu véi van téc dau vao.
Céac diéu trén ching to quéa trinh md phong
s6 d3 mo ta chinh xac hién tuong vat ly cua
chan vit khi hoat dong dudi nudc.

Hinh 7. Phan bé &p sudt mér ddy (tréi),
mgt hat (phai).

Ngoai ra, véi hé s6 P/D 14 0.9 va hé sé
Ae/Ao la 0.45, khi tham khao cac dac tinh
ctia chan vit tau thuy theo chuan Wageningen
B-series [8], hé s luc ddy tinh (Kto) cua
chan vit B-series ¢6 cung P/D va Ae/Ao nam
trong khoang 0.40.

Hinh 8 13 biéu dd thé hién két qua md
phong sb dic tinh thay dong hoc cua chan vit
225x205 mm, ba 14 canh, di kém v&i cum
may lap ngoai Suzuki DF 9.9. Hiéu suat cua
cum chan vit dat gid tri cuc dai tai vi tri J
trong vung 0.9 1a 0.80 twong (tng véi dong co
van toc 1a 24 km/h véi téc d6 vong quay
2000 vong/phut, lec day tao ra boi chan vit la
29 kg.f, va cong suat yéu cau 1a 3 hp. Ngoai
ra, voi cac két qua caa Kt tng vai cac hé sd
tién J khac nhau, c6 thé ngoai suy gia tri Ko
tng véi diéu kién khong co dong dén chan
vit (J bang zero), theo d6 gia tri hé s6 luc day
tinh (Ko) cua cum chan vit thu duoc tir két
qua mo phong sé 1a 0.4167 (xem hinh 8), gia
tri ndy nam trong day gia tri Ko (0.39+0.42)
ghi nhan boi khao sat thuc nghiém nam trong
khudn khé dé tai nghién ciu khoa hoc cp Sé
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Khoa hoc cong nghé¢ Thanh phd Ho Chi
Minh do TS. Lé Tat Hién lam chu nhiém [9].
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Hinh 8. Pac tinh hoat dong cua chan vit 225x205 mm
di kem cum may lap ngoai Suzuki DF 9.9

Thém vao do, khi mo phong tinh toan
chan vit két hop voi dng bao dong co, luc
day thuc té cua chan vit s& bi giam di do anh
huong cua luc can tao ra bai éng bao
(Déng_bao). Hé s luc can cua éng bao dong co
(Cu) s€ thay déi theo van tc cua dong di ra
ng Vi ti s6 tién () khéc nhau (xem hinh 9).
Hé s6 luc can cua 6ng bao cd xu hudng xac
lap khi J dat gié tri tir 0.5 tro 1€n (gid tri hé sb
luc can xac lap trong khoang 0.13 vai Cq la
hé s6 lrc can cua dng bao dong co, dugc tinh
boi biéu thic sau:

Ca= Déng_bao/(0.5><pnu(ycXVZXSwet)

Véi Swet 12 dién tich phan dng bao trong
nuéc). Diéu nay 1a phu hop vai thiét ké khi
dong hoc cua ong bao, nho d6 gitp giam
dang ké luc can do 6ng bao gay ra cho cum
chan vit lap ngoai khi hoat dong trong day
van toc thiét ké cua no.

cd

Hinh 9. Pdc tinh can tgo ra béi 6ng bao dong co.
Sau khi d6i chiéu cac dic tinh vat ly va
két qua mb phong vai gid tri thuc nghiém,
md hinh mé phong s6 khao sat nguoc dac
tinh hoat dong cua cum chén vit lap ngoai

méy Suzuki DF 9.9 trinh bay trong bai viét
nay di dap ung duoc yéu cau vé do tin cay,
cling nhu phan anh dwoc ban chat hoat dong
cua cum chan vit khao sat.

4. Ap dung két qua md phéng s6 cho
giai phap s1r dung dong co dién thay cho
dong co nd ciia cum may lip ngoai Suzuki
DF 9.9 HP

Hinh 10 biéu thi gia tri m6 men xoén cua
doéng co dién K91-4003 cua hdng Advanced
D.C. Motors [10] va chan vit tao ra & cac
vong quay khac nhau. Ngoai ra, hinh 10 con
thé hién vang hiéu suat cao cua dong co dién
nam trong dai vong quay tir 2000 vong/phut
t6i 3200 vong/phut. Bé lya chon duoc ty sb
truyén phu hop cho viéc hoan cai dong co,
dai vong quay cua dong co dién trong vung
hiéu suat cao cua nd s& duoc lva chon dé
dam bao hiéu sut lam viéc cua toan cum la
tét nhat. Tur do, ung voi mot gia tri md men
x0an nhat dinh, ta s& lya chon ra duoc s
vong quay tuong tng cua dong co dién va
chan vit sao cho md men xoin tao ra cua
dong co dién ludn 16n hon moment xoan can
thiét cho chan vit. Sau khi c6 céc gia tri vong
quay tuong ung, ta s€ tim ra duo*c dai ty sb
truyén phu hop tuong &ng véi sé vong quay
mong muén cua dong co dién (xem bang 1).
Tay theo muc dich st dung va thiét ké, ti s6
truyén phd hop s& duoc nguoi ki su lya chon
sao cho chan vit s& c6 md men xoén da 16n
tao ra luc day ph hop véi diéu kién ban dau
dit ra trong thiét ké. Nhu vay, dé c6 thé hoan
cai dong co ndé bdn thi Suzuki DF 9.9 hp
nguyén ban cua nha san xuat sang dong co
dién K91-4003 cua hang Advanced D.C
Motors [10], nguoi dung c6 thé lwa chon
phuong an truyén dong truc tiép véi dong co
dién hozc lap dat hop ting tdc cho chan vit
véi ti s6 truyén pha hop trong ving tir 100:93
dén 100:87 dé co thé tan dung duoc tdi da
moment xoan cia dong co dién cho hoat
dong cua chan vit ma van dam bao hiéu suit
hoat dong cua dong co dién trong vung hiéu
suit cao cua né (hién tai cum chan vit lap
ngoai Suzuki DF 9.9 st dung hop giam tc
V6i ti sb truyén 1a 12:25).
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Bdng 1. D&y ti so truyén phu hop.
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Hinh 10. Moment xodn tago ra béi chan vit
va dong co dién.

5. Két luan

Viéc &p dung phuong phap khao sat
nguoc dac tinh hoat dong cua chéan vit di kém
v6i cum may lip ngodi dua nén tang ma
nguén mé OpenFOAM, bai viét di dua ra
duoc mot md hinh mé phong sé dic tinh hoat
dong cua chan vit 225x205 mm, ba 14 canh di
kém véi cum may lip ngoai Suzuki DF 9.9.
M6 hinh ludi, mé hinh réi k-¢ va gia tri Y+
dugc dua ra trong bai viét hoan toan cé thé
ap dung trong viéc khao sat nguoc dac tinh
cua cac mau chan vit di kém theo cum may
lip ngoai khéc. Cac két qua thu duoc cua
cum chan vit 1ap ngoai Suzuki DF 9.9 c6 gia
tri tham khao cao cho viéc lya chon ti sé
truyén dong phu hop khi hoan cai dong co nd
nguyén ban bdi dong co dién cho cac phuong
tién thuy dung nang luong di¢nl
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