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Tém tit

Bai bdo nghién cuu anh huong cia mdt thoang
chdt long dén cdc théng sé thiy dong (TSTP) ciia
chong chéng tau thiy bang phwong phdp mé
phong CFD. Trucc tién, mé hinh tinh toan dwoc
kiém chirng tai dé sau h/D=2,0 bang cdch so sdnh
véi div liéu thwe nghiém. Tiép do, bai bdo tién
hanh déanh gié anh hiwdng ciia mdt thodng dén cdc
TSTP ciia chong chéng ¢ bon do sdu khéac nhau
tai ndm gia tri budc tién twong doi. Két qua tinh
todn cho thdy mdt thodng lam giam déng ké lyc
ddy, mé men va hiéu sudt cia chong chong, ddc
biét khi chong chéng hoat dong gan mdt thodng
va & buée tién twong doi nhé. Ngodi ra, qua viéc
phdn tich dong chdy bao quanh chong chong da
chi ra twong tdc manh giita hai pha khi-long tir do
dan va sw bién déng dong chay sau chong chéng
tang manh & ving gan mdt thodng, dan dén dao
dong lyc va mé men theo thoi gian. Bién do dao
dong cua chung cang lon khi chong chong hoat
déng cang gan mdt thodng va ngwoc lai.

T!‘r khoa: Mat thoang, CFD, chong chong, thong
SO thuy dong.

Abstract

This study investigates the influence of the free
surface on the hydrodynamic characteristics of a
marine propeller using CFD method. Firstly, the
numerical model is verified at a submergence
depth ratio of h/D=2.0 by comparing simulation
results with experimental data. Then, the effects of
the free surface on the propeller's thrust, torque,
and efficiency are evaluated at four different
submergence depths and five advance ratios. The
results indicate that, the free surface significantly
reduces thrust, torque, and overall efficiency,
particularly when the propeller operates near the

water surface and at low advance ratios.

Furthermore, flow field analysis reveals strong
air-water phase interactions, which intensify flow
unsteadiness in the near-surface region and result
in greater fluctuations in thrust and torque in real
time. The amplitude of these fluctuations is
greater when the propeller operates closer to the
free surface and vice versa.

Keywords: Free surface,
hydrodynamic characteristics.
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1. Mé dau

Trong bai toan thiét ké chong chong, nguoi thiét
ké thuong sé tinh toan thiét ké chong chong trong diéu
kién khong chiu anh huong cua mit thoang chat long.
Tuy nhién, trong thuc té khai thac tau c6 thé chay &
ché d6 khac v6i ché do thiét ké nhu: Ché d6 khong
dﬁy tai, ché do ballast hodc chay trén song,... khi do,
chong chong cua tau s& hoat dong & khoang cach rét
gin mit thoang chit 16ng. Trong trudng hop nay, s&
xay ra twong tac thuy dong gitra chong chong véi mat
thoang chat 16ng tir d6 ¢ thé dan dén lam giam hiéu
sudt chong chéng, 1am ting chan dong va do6 on [1].
Vi thé, mdi quan hé giita cong sudt may, toc do tau va
vong quay cua chong chong s& ¢6 sy thay d6i. Dé danh
gia dugc muc do thay doi nay, can phai nghién ctru
anh huong cta mit thoang chat long dén sy thay dbi
cac TSTD cua chong chong.

Trén thé gidi, dd c6 mot sb cac nghién ciru lién
quan dén vén dé nay [1], [2], [3], [4], [5]. Cac nghién
ctru déu chi ra mit thoang chat 1ong c6 anh huong dén
cac TSTD cua chong chong, va muc d§ anh hudng
phu thudc vao d6 sau lam viéc va cac thong s6 hinh
hoc cua chong chéng. Phuong phap nghién cuu dugce
céc tac gia sir dung 1a thuc nghiém dé kiém ching mé
hinh tinh bé’mg CFD, sau d6 ap dung mo hinh tinh CFD
da dugc kiém ching vao trong danh gia anh huong
clia mit thoang dén cac TSTD ciia chong chéong.

O trong nude, cac nghién ciru vé anh huéng cua
mit thoang chét long dén su thay ddi cac TSTD cua
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chong chong van con han ché. Do d6, bai bao nay, trén
co s6 ké thira cac két qua nghién ctru di trude trén thé
gi6i, s& tién hanh mé phong tinh toan mo phong tinh
toan sy thay d6i cac TSTD ciia chong chong ¢ bon do
sau khac nhau tai nam gia tri budc tién twong dbi.
Phuong phap dugc str dung & day la phuong phap
CFD. M5 hinh tinh CFD duoc kiém chimg tai d6 sau
h/D=2,0 bang cach so sanh véi dir liéu thuc nghiém.
Déi tugng nghién ciru duge lya chon trong nghién ctiru
nay la chong chéng Potsdam & dang ty 1¢ mo hinh.

2. Gioi thiéu chong chong Potsdam

Trong nghién ctru nay, chong chong Potsdam duoc
lua chon lam d6i tuong khao sat, do mo hinh 3D cung
v6i dit liu thtr nghiém trong diéu kién khong chiu tac
dong cua mat thoang chat long dugc cong bd va cho
phép tai xudng mién phi trén mang [6, 7]. Chong
chong nay ¢6 5 canh voi duong kinh 1a 0,25m, ty s6
dia 12 0,789, ty sb budc tai gia tri ban kinh 0,75R 1a
1,635, tc do vong quay 1a 15 vong/gidy.

Ky thuat va Cong nghé Hang hai

chong chong va TSTD cua ching, mién tinh toan dugc
chia thanh hai mién gdm: Mién tinh va mién chong
chéng quay, trong d6 mién tinh bao quanh toan bd mién
chong chéng quay, hai mién nay duoc lién két voi nhau
qua bé mat Iudi truot. Mién tinh ¢ hinh dang 1a hinh
hop chit nhat, mién chong chéng quay c6 dang hinh
lang try. Mién tinh c6 kich thudc nhu sau: Theo chidu
dai, phia trudc va phia sau cach dia chong chong mét
doan 1an luot 1a 10D va 25D; theo chidu cao, phia trén
va phia dudi cach tam truc chong chéng mét doan lan
lwot 12 4D va 6D; theo chiéu rong, hai mat bén cach tim
truc chong chong mot doan 6D. Mién quay c6 hinh ling
tru v6i duong kinh bang 1,2D va chiéu cao 1,5D.

Vé mé hinh vat ly: Phuong trinh RANSE duoc
chon dé giai bai toan dong chay rbi khong nén. Mo
hinh dong ri SST K-omega dugc s dung dé dong
phuong trinh RANSE. Mit thoang chét 1ong dwgc mo
phong thong qua viéc st dung moé hinh thé tich chat
long da pha.

Hinh 1. M6 hinh 3D ciia chong chong Potsdam

3. Cac truong hgp tinh

Dé danh gia anh huong ciia mat thoang chit long
dén sy thay ddi tinh chat dong chay bao quanh chong
chong va cac TSTD cua chiing, nghién ctru nay s€ gidi
han cling nhu thyc hién cac truong hop tinh toan sau:

- Chong chong hoat dong ¢ ché d6 tu do;

- Viéc tinh toan dugc thuc hién & 04 d0 sau khac
nhau gdm: h/D=0,75; 1,0; 1,5 va 2,0. O day h la
khoang cach tir tm truc chong chong dén mit thoang,
D 1a duong kinh chong choéng.

- Tai mdi trudng hop d6 sau khac nhau sé thyc hién
tinh toan tai 05 budc tién tuong dbi gém: J=0,4; 0,6;
0,8; 0,1 va 1,2. Viéc thay d6i J dugc thuc hién gidng
nhu thuc nghiém trong bé thir d6 1a thay ddi van tbc
dong chay dén chong chong con vong quay chong
chong duogce giit khong dbi 1a n=15 vong/gidy.

4. Thiét 1ap mé phéng

Trong mo6 phong bai toan anh hudng cta mat
thoang dén su thay doi tinh chit dong chay bao quanh

S |

¢) Hinh anh mat cdt ngang tai vi tri X=0

Hinh 2. Két qua chia luéi

Loai lu6i khéi dugc sir dung 1a ludi trimmed phi
céu tric. Ludi prism layer dugc sir dung dé gii 16p
bién bao quanh bé mit canh chong chong. Khoang
cach tir 16p Iudi prism layer dau tién dén tuong dugc
xac dinh trén co s¢ dam bao cho gia tri Y+ trung binh
nhé hon 5 [8]. Ludi duge 1am min tai cac khu vuc
quan trong nhu gin chong chéng dic biét 1a tai mép
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canh, tai mat thoang chit 1ong dé bat duoc chinh xéac
dong chay quanh chong chong va tuong tac gitta
chong chong véi mit thoang chét long. Cau trac ludi
sau khi chia duogc thé hién trén Hinh 2.

5. Thiét 1ap md phéng
5.1. So sdanh két quia mé phéng va thue nghi¢m

Do khéng c6 két qua thyc nghiém cia chong
chong hoat dong 6 cac d¢ sau khac nhau. Vi vay, trong
nghién ctru nay s& so sanh két qua mé phong tinh toan
cac TSDT cua chong chong khi hoat dong & do sau
h/D=2,0 v&i két qua thuc nghiém trong bé thir (EFD)
ngdp sau hoan toan (khong c6 su dnh hudng cua mat
thoang). S& di c¢6 thé chon d6 sau A/D=2,0 dé so sanh
dugc 14 boi d6 sdu nay di vuot qua yéu cau tdi thiéu
ctia ctia Hiép hoi bé thir qudc t& ITTC vé quy trinh thir
chong chong hoat dong & ché do tu do, dé tranh anh
huong ctia mit thoang dén cac TSTP cia chong
chong [9]. Cac két qua so sanh giita mo phong va thuc
nghiém vé gia tri hé s6 luc day (KT) va hé s6 md men
(KQ) dugc trinh bay trén Bang 1 va Hinh 3.

Bidng 1. So sanh gid tri Kr va Ko gitta EFD va CFD
tai do sau h/D=2,0

; Kr[-] 10Ko [-]

CFD EFD[7] E%D CFD EFD[7] E%D
04 0741 0751 -1,33 1,591 1,629 -2.33
06 0621 0629 -127 1366 139 -2,15
0,8 0,504 0510 -1,17 1,061 1,178 -144
1,0 0,395 0399 -1,00 0968 0,975 -0,72
12 0,293 0295 -0,68 0771 0,776 -0,64
K, 10K [-]
1.80

—e— KT (EFD)

160
—& -10KQ (EFD)

——KT (h/D=2.0)
—8—10KQ (h/D=2.0)

140
120

1.00

0.80

0.60
0.40

020
04 06 08 10 12 14

Hinh 3. So sanh gia tri Kr va Ko giita EFD va EFD
tai dj sau h/D=2,0

Két qua so sanh giira thuc nghiém (khong co anh
huwong cta mit thoang) va md phong bang CFD (tinh
dén anh hudng cua mat thoang tai h/D=2,0) cho két
qua khac nhau chi dudi 3% ddi véi ca KT va KQ.
Trong d6 két qua mo phong bang CFD nhé hon so voi
két qua do trong bé thir & tt ca cac budc tién xem xét.
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Diéu nay c6 thé giai thich mot thuc té d6 khi chong
chong hoat dong & d6 sau cach mét thoang mot doan
h/D=2,0 trén thuc té van co su tuong tac voi mat
thoang miac du mirc d6 tuong tac 1a khong dang ké
(xem Hinh 4). Két qua thu dugc nay hoan toan tring
khép vé xu huéng voi két qua ctia nhom tic gia
Myeong-Jin Eom cing cac cong su khi tinh toan déi
v6i chong chong KP458 [10].

Mt thodng chdt long

s

-

Hinh 4. Céu tritc dong chay sau chong chéng khi

hoat dpng & dp siu h/D=2,00 tai buéc tién twong doi
J=0,6

5.2. Anh hwong ciia mdt thodng chit long dén
cdc TSTD ciia chong chong

Két qua md phong tinh toan anh huong cuia mat
thoang chét long dén cac TSTD cua chong chong khi
hoat dong & cac d9 sau khac nhau c6 so sanh véi
truong hop & h/D=2,0 duogc trinh bay trén Bang 2 va
cic Hinh tir 5 dén 9. Trong d6 KTO0, KQO, Eta0 1a h¢
s6 luc déy, mé men va hiéu suét cua chong chong khi
hoat dong & d6 sau h/D=2,0. Tt két qua thu dugc trén
Bang 2 va cac Hinh tir 5 dén 9, 6 thé dua ra mot sb
nhan xét va két luan sau:

- Mit thoang chat long lam giam cac TSTD cta
chong chéng, mirc giam cua chung s& ting dan déu
khi chong chong hoat dong cang gan mat thoang chat
long va ngugc lai. Ngoai ra, tai cuing mot do sau hoat
dong, khi budc tién trong ddi ctia chong chong cang
nho (tic tai 1én chong chong tang) thi muc d6 anh
huéng cia mit thoang ting va nguoc lai. Két qua
nghién ctru nay hoan toan phu hop vé mit dinh tinh so
v6i cac két qua nghién ctru di trude [2, 10], con két
qua vé dinh luong thi co6 sy khac biét & cac chong
chong co céc thong s6 hinh hoc khac nhau, cu thé:

- Pdi v6i chong chong nghién ciru, trong dai d6 sdu
hoat dong 4/D tir 0,75 dén 1,5 va budc tién twong dbi J
tir 0,40 dén 1,20 tmg véi timg d6 sau hoat dong, hé s6
luc day ciia chong chong giam trong khoang 27,4% dén
0,7% va hé sé mo men giam trong khoang 10,2% dén
0,6% so v6i truong hop tham chiéu /D =2,0.

- Tai cung mot d6 sau hoat dong /D va budc tién
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Bing 2. Anh hwéng ciia mdt thodng chit léng dén

cac TSTD ciia chong chong khi hoat dong ¢ cdc dj

sdu khdc nhau co so sanh vdi truong hop h/D=2,0

J Kr Kiv/Kro 10Ko Ko/Koo Eta
Eta/Etao [-]
1 [ [ [-]
Truong hop #/D=0,75
0,40 0,538 0,726 1,428 0,898 0,240 0,809
0,60 0,5132 0,826 1,29 0,944 0,380 0,875
0,80 0,462 0,917 1,131 0,974 0,520 0,941
1,00 0,372 0,942 0,949 0,980 0,624 0,961
1,20 0,278 0,949 0,759 0,984 0,700 0,964
Truong hop 4#/D=1,0
0,40 0,578 0,780 1,462 0,919 0,252 0,849
0,60 0,543 0,874 1,313 0,961 0,395 0,910
0,80 0,476 0,944 1,136 0,978 0,534 0,965
1,00 0,379 0,959 0,952 0,983 0,634 0,976
1,20 0,284 0,969 0,761 0,987 0,713 0,982
Truong hop #/D=1,5
0,40 0,64 0,864 1,492 0,938 0,273 0,921
0,60 0,5812 0,936 1,333 0,976 0,416 0,959
0,80 0,489 0,970 1,139 0,981 0,547 0,989
1,00 0,388 0,982 0,96 0,992 0,643 0,990
1,20 0,291 0,993 0,766 0,994 0,726 1,000
Kr [
0.80
0.70

0.60

0.50

0.40

030

020
04 06 08

10

Hinh 5. Anh hwéng ciia mit thodng dén hé sé Kr

ciia chong chong ¢ cdc J khdac nhau

10Kp []
1.70
160
1.50
1.40
130
120
1.10
1.00
0.90
0.80
0.70

04 06 08

Hinh 6. Anh huéng ciia h/D dén hé sé Ko ciia chong

10

JI-]

chong tai cdac J khdc nhau

trong d6i J, mirc giam hé sb luc ddy 16n hon so véi
hé s6 mé men. Vi du, tai A/D=0,75 va J=0,4, hé sb luc
déy giam 27,4% con hé sb md men chi giam 10,2% so
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v6i trudng hop tham chiéu A/D=2,0.

- Tai cung d¢ sau hoat dong, khi budc tién tuong
d6i giam, muc d6 anh huong ctia mit thoang ting lén
1d rét (xem Hinh 8 va 9). Cu thé, vi du tai #/D=1,0, hé
s0 KT va KQ ciia chong chong giam so véi truong hop
tham chiéu 4/D =2,0 lan luot 12 22,0% va 8,11% & tai
J=0,4, trong khi do6 tai J=1,2 gia tri hé s6 Krva Ko
chi giam 1an luogt 12 4,1% va 1,3%.

Era []
0.80

04 0.6 0.8 1.0 12 14
I

Hinh 7. Anh hwéng ciia h/D dén hiéu suit ciia

chong chong tai cdac J khdac nhau

KrKm [-]
1,00

—-J=04 ~a-]=0,6 ——J=08 ——J=10 ——I=12

0.75 1,00 125 150
WD [
Hinh 8. Mirc giam hé so Kr ciia chong chong so voi

trwong hop tham chiéu h/D=2,0

Ko&go -]
1,00

0,98 %

—

0,96

0,94

092
090 ‘

—— 1204 —=—T=0 6 ——T=0 8 ——J=1,0 —J=12

0,88
075 1,00 125 1,50
h/D [-]
Hinh 9. Mirc giam hé so Ko ciia chong chong so voi

trwong hop tham chiéu h/D=2,0

Su thay d6i cac TSTD ctia chong chéng khi hoat
dong gan mit thoang c6 thé dwoc giai thich boi su xuat
hién cua tuong tac qua lai gitra chiing, dugc thé hién
thong qua su thay d6i dong chay bao quanh chong
chong khi hoat dong & cac d¢ sau khac nhau (xem Hinh
tir 10 dén 13). Trén Hinh 10 va Hinh 11 ta c6 thé quan
sat thy, su twong tac giita hai pha khi va long ting dan
khi khoang cach giita chong chong hoat dong cang gan
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a) h/D=0,75 a) h/D=0,75

)

q

b) W/D=1,0 b) h/D=1,0

¢) /D=1,5 ¢) W/D=15

d) h/D=2,0
Volume Fraction of air d) h/D:Z’O
0.00 0.333 0.667 1.00
LB A

Hinh 10. Tuong tic giita 2 pha khi va Iéng khi chong ~ Hinh 11. Tuwong tic giita 2 pha khi va long khi chong

chong hoat dpng 6 cac df sau khac nhau tai J=0,6 chong hoat dpng ¢ cdac dj sdu khdc nhau tai J=1,0

b) W/D=1,0

¢) h/D=1,5 d) h/D=2,0
Hinh 12. Anh hwéng ciia mdt thodng dén céu tricc dong chiy quanh chong chéng hoat dong & cic dp siu khdc
nhau tai J=1,0
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nudc, su twong tac gilra hai pha khi va 1ong tang 1én khi
J giam va ngugc lai. Vi dy, tai #/D=0,75, khi J=0,6 sy
tuong tac giita chong chéng va mit thoang 13 rat 16n
trong khi tai J=1,0 sy bién dang mit thoang 1a khong
dang ké. Diéu nay ly giai cho nguyén nhan dan t6i hé
s0 Krva Ko giam nhiéu ¢ J nhé va nguoc lai khi chong
chong hoat dong tai cung mot do sau.

Trén Hinh 12 ta c¢6 thé quan sat thiy, cau triic xody
dong chay xody mép canh bi hon loan khi chong
chong hoat dong cach mat thoang tai #/D=0,75 va
giam dan khi hoat dong cach xa mit thoang.

d) h/D=2,0

Vorticity: Magnitude (/s)
473 787

160 1.7e+03
e | B |
Hinh 13. Anh hwéng ciia mdt thodng dén céu tric
dong chdy quanh chong chong hoat djong o cdc dj

sdu khdc nhau tai J=0,6

Khi chong chong hoat dong gan mit thoang chat
long, s€ tao ra song bé mat. Trén Hinh 13 thé hién hinh
anh song bé mit do chong chéng tao ra khi hoat dong
& céc d6 sau khac nhau tai cing mot bude tién tuong
d6i J=1,0. Tr Hinh 13 ta c6 thé quan sét thiy, cuong
d6 song bé mat do chong chéng tao ra ting dan khi
chong chong hoat dong gan mat thoang va nguoc lai.

Khi chong chéng hoat ddng gin mit thoang chit
long, tai tic dung 1én canh chong chong s& thay doi
theo thoi gian, tir d6 dan dén sy dao dong cua luc va

SO 85 (01-2026)

Ky thuat va Cong nghé Hang hai

mo men theo thoi gian, bién d¢ dao dong cua chung
cang 16n khi chong chong hoat dong cang gan mit
thoang va ngugc lai (xem Hinh 14 va 15). S lidu vé
bién d6 dao dong cta Kr va Ko 1a thong sé dau vao
trong tinh toan dao dong cua hé truc, tiéng on do
chong chéng tao ra khi hoat dong gan mit thoang.

Kr[-]
0.60
0.58
—h/D=0.75 —h/D=15
0.56 —h/D=10 —h/D=2.0
0.54
0.50
7.00 7.05 7.10 7.15 7.20 7.25 7.30

Thoi gian thee [s]

Hinh 14. Sw thay déi hé sé Kt tai J=0,6 theo thoi

gian thuc
10Kp -1
145
—hD=075 —hD=15
—hD=10 —hD=20

7.00 7.05 7.10 7.15 720 725 7.30
Thoi gian thiee [s]

Hinh 15. Sw thay doi hé sé Ko tai J=0,6 theo thoi

gian thuc

6. Két luan

Trén co so nghién ctru anh hudng cua mat thoang
dén sy thay ddi cac TSTD ciia chong chéong, bai bao
da thu duoc cac két qua sau:

- Két qua mé phong & didu kién chong chong ngap
sau hoan toan (h/D=2,0) cho sai sb chi du6i 2,5% so
v6i két qua thir trong bé thir, diéu nay khang dinh mo
hinh thiét 1ap tinh toan dua ra 1a tin cay.

- Khi chong chong hoat dong cang gan mit thoang,
luc ddy, m6 men va hiéu sut déu giam. Ddi v6i chong
chong nghién curu, trong dai d¢ sau hoat dong 4/D tu
0,75 dén 1,5 va budc tién tuong ddi J tir 0,40 dén 1,20
ung voi tung do sau hoat dong, hé sb luc déy cua
chong chéng giam trong khoang 27,4% dén 0,7% va
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hé sb mé men giam trong khoang 10,2% dén 0,6% so
véi trudng hop tham chiéu #/D =2,0.

- Tai cung mot d6 sau hoat dong 4/D va budc tién
tuong d6i J, mirc giam hé s6 lyc day 16n hon so véi
hé s moé men. Cu thé, tai //D=0,75 va J=0,4, hé sb
luc ddy giam 27,4% con hé sb mdé men chi giam
10,2% so v6i truong hop tham chiéu A/D=2,0.

- Tai cing d¢ sau, khi budc tién twong ddi giam
(tadi tac dung Ién chong chong ting), muc d) anh
hudng cua mat thoang tang 1én ro rét. Cu thé, tai
h/D=1,0, hé s6 Krva Ky ctia chong chéng giam so voi
truong hop tham chiéu 2/D=2,0 lan lugt 1a 22,0% va
8,11% 6 tai J=0,4, trong khi d6 tai J=1,2 gia tri hé sd
K7 va Ko chi giam lan luot 14 4,1% va 1,3%.

- Két qua mo phong CFD ciing chi ra rang su
tuong tac gitra hai pha khi - 16ng va su bién dong dong
chay sau chong chéng ting manh & ving gan mit
thoang, dan dén dao dong lyc va mé men theo thoi
gian. Bién d6 dao dong cua ching cang 16n khi chong
chong hoat dong cang gin mat thoang va nguoc lai.
Cac két qua thu dugc vé bién do dao dong cua cac
TSTD chong chdong theo thoi gian thuc nay la dit liéu
dau vao cho cac nghién ciru tiép theo vé rung dong,
tiéng on cua hé truc chong chong trong diéu kién hoat
dong gan mit thoang.
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