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TOM TAT

Tén d tai: Phén tich diic tinh thiy déng lwc hoc ciia tau ngim DARPA SUBOFF
bang phwong phap CFD

Sinh vién thyc hién: Nguyén Pirc Trong
S6 thé SV:103190201 Lép: 19KTTT
Sinh vién thuc hién: Tran Ba Sy

S6 thé SV:103190199 Lép: 19KTTT

Db an nay duoc thuc hién dé mé phong dic tinh thuy dong luc hoc cia tau ngdm
DARPA SUBOFF bang phuong phap CFD. Qua dé tai nay gitip ching em véan dung
kién thac da duoc hoc ap dung tinh todn stc can cua tau ngém khi thay ddi van tdc, d6
sau; lyc va momen thuy dong tai cac goc dat va géc chui qua d6 danh gia anh hudng

cla cac yéu to thuy dong luc hoc dén hoat dong cua tau ngém.

Gom ¢6 6 chuong:
Chuong 1. Tong quan vé dé tai
Chuong 2. Co sé 1y thuyét cua phuong phap CFD
Chuong 3. Xay dung mé hinh 3D tau ngdm DARPA SUBOFF
Chuong 4. Tinh toan thity dong luc hoc tac dung 1én tau ngdm trong tinh toan sirc can
Chuong 5. Tinh toan thuy dong luc hoc tac dung 1én tau ngﬁm khi diéu dong
Chuong 6. Két luan



DAI HOC DA NANG CONG HOA XA HOI CHU NGHIA VIET NAM
TRUONG DA HOC BACH KHOA Doc 1ap - Ty do - Hanh phtic
KHOA CO KHI GIAO THONG

NHIEM VU PO AN TOT NGHIEP

TT | Ho tén sinh vién S6 thé SV Lép Nganh
01 | Nguyén Dirc Trong 103190201 | I9KTTT | K1 thuat tau thay
02 | Tran Ba S§ 103190199 | 19KTTT | Ki thuat tau thuy

1. Tén dé tai do an:
Phén tich dic tinh thity dong luc hoc cua tau ngdm DARPA SUBOFF bang phuong
phép CFD
2. Dé tai thude dién: O C6 ky két théa thudn sé hitu tri tué doi voi két qua thyc hién
3. Cdc s6 liéu va dit lidu ban dau:
- Dt li€u thyc nghi€ém cua tau ngﬁm DARPA SUBOFF
- Kich thudc cha yéu cta tau ngdm DARPA SUBOFF
Néi dung cdc phan thuyét minh va tinh todn:
Chuwong 1. Tong quan vé dé tai
1.1 Gi6i thiéu vé tau ngdm DARPA SUBOFF
1.2 Muc ti€u nghién ctru
1.3 Phuong phap va ndi dung nghién ctru
Chuwong 2. Co sé ly thuyét ciia phwong phap CFD
2.1 Gidi thiéu vé phuong phap CFD
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2.3 Cac phuong phap mé phong dong rbi
2.4 Ung dung ctia phwong phap CFD
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3.2 Xay dung mo6 hinh 3D
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4.1 Tinh toan stc can cua tau ngam & cac van toc khac nhau



4.2 Tinh toan sirc can cla tau ngdm & cac d6 sau khac nhau

Chuong 5. Tinh toan thily dong luc hoc tic dung Ién tau ngdm khi diéu dong
5.1 Tinh toan thuy dong luc hoc tc dung 1én tau ngdm & cac goc dat khac nhau
5.2 Tinh toan thay dong luc hoc tac dung 1én tau ngdm & cic goc chai khac nhau
Chuong 6. Két luin

a. Phan chung:

TT | Ho tén sinh vién Noi dung

N Chuong 1: Téng quan vé dé tai
01 | Nguyen buac T .
guyen Bt Jtong Chuong 2: Co so¢ ly thuyét cua phuong phap CFD

Chuong 3: Xay dyng mé hinh 3D tau ngdm DARPA

02 Tran B4 Sy SUBOFF
Chuong 6: Két luan

b. Phan riéng:

TT | Ho tén sinh vién Noi dung

Chuong 4. Tinh toan thity dong luc hoc tac dung Ién tau
ngam trong tinh toan strc can

. 4.1. Tinh toan sirc can cua tdu ngdm & cac van toc khac
01 | Nguyén Duc Trong
nhau

4.2. Tinh toan strc can cua tau ngdm & cac do siu khac

nhau

Chuong 5. Tinh toan thuy dong luc hoc tac dung Ién tau
ngam khi diéu dong

. 5.1. Tinh toan thiy dong luc hoc tac dung 1én tau ngﬁm 0
02 Tran Ba Sy
cac goc dat khac nhau

5.2. Tinh toan thiy dong luc hoc tac dung 1én tau ngdm &

cac goc chui khac nhau
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TT | Ho tén sinh vién Noi dung

01 | Nguydn Pirc Trong | - Ban v tuyén hinh tau ngdm DARPA SUBOFF (A0)




TT | Ho tén sinh vién Noi dung
. - Ban vé ing dung phuong phap CFD trong tinh toan thuy
02 Tran B4 Sy .
dong luc hoc cua tau ngam DARPA SUBOFF (A0)
b. Phan riéng:
TT | Ho tén sinh vién Noi dung
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01 | Nguyén Puc Trong | (A0)
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- Ban v& phan tich thuy dong luc hoc tac dung 1én tau ngam
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02 Tran Ba Sy .
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TS. Nguyén Vin Minh

Toan b do an

6. Ngay giao nhiém vy do dn: 03/09/2023
7. Ngay hodn thanh dé an: 17/12/2023

Trwéng Bo mon

TS. TRAN VAN LUAN

Pa Nang, ngay  thang  nam 2023

Ngudi huéng dian

TS. NGUYEN VAN MINH
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LOI NOI PAU

Vi su tién bo cta khoa hoc k¥ thuat ngay nay, cac bai toan lién quan dén cac dic
tinh thuy dong luc hoc dang dan dwogc s6 hoa dé giam thoi gian tinh toan va hoan thién
tir 46 rat ngan thoi gian dé ché tao hay nghién ctru ra nhitng cong nghé méi. Poi véi
linh vyc tau thay, viéc mo phong sb dbi véi cac bai toan dic tinh thuy dong luc hoc cuc
ky quan trong, vi n6 cho phép dua ra cac thong s nhanh chong ma co khi tinh toan
thong thuong mat rat nhiéu thoi gian. Vi vy trong dé tai nay “Phén tich dic tinh thuy
dong luc hoc cua tau ngdm DARPA SUBOFF bang phuong phap CFD” dura trén cac co
so 1y thuyét da duoc cong nhan va cho phép tmg dung cho phép tinh toan nhanh chéng
va twong ddi chinh xac. Qua dé tai nay, gitp ching em cung c¢6 kién thirc da dugc hoc
trong thoi gian trén giang duong ¢ trudng va trong qua trinh thyc hién dé tai cling gitp
chung em c6 k¥ ning trong viéc van dung kién thtrc, tim hiéu nhitng cong cu lién quan
dé giup ich cho viéc thuc hién d6 an ciing nhu cong viéc sau nay 1a vé moé phong CFD.
Vi day 1a 1an dau thuc hién mot do an lién quan dén mo phong nén ching em khong thé
tranh khoi nhiing thiéu sét, mong cac thay c6 bo qua. Em xin chan thanh cam céc thay
¢ d3 gitip chung hoan thanh va chi bao tan tinh trong qua trinh thue hién do an nay.
Cubi cling, em xin chan thanh cam on thay TS. Nguyén Vin Minh d3 hudng ddn nhém
em thyuc hién, hoan thanh d6 4n mét cach t6t nhét trong subt qua trinh va qua nhiing 161
nhan xét va chi bao tan tinh cia thay giup ching em hoan thién kién thtic cling nhu ban

than minh hon.

Da Ning, ngdy thiang  nim 2023

Sinh vién thyuc hién

Tran B4 Sy Nguyén Duc Trong
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CAM DOAN

Nhom gom 2 thanh vién: Nguyén Duc Trong va Tran B4 S§ xin cam doan:

Db 4n tét nghiép nay 1a thanh qua cua nghién ciru hoan toan dya trén co sd 1y
thuyét r0 rang va dua trén cac thuc nghiém dugc cong bd va cong nhan; duogc
thuc hién dudi sy huéng dan tryc tiép cia gido vién huéng dan thay TS. Nguyén
Van Minh.

Do 4n nay 1a cong trinh méi, khéng sao chép tir bat ky do an twong tu nao.

Tt ca cac ngudn tham khao trong dd an déu dugc trich din trong béo co va danh
muc tai liéu tham khao.

Chung t6i xin chiu trach nhiém hoan toan néu ¢ bat ky vi pham nao lién quan

dén sao chép khong hop 1¢ hodc vi pham quy ché cia nha truong.

Sinh vién thuc hién

Tran Ba Sy Nguyén Ptc Trong
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CHUONG 1. TONG QUAN VE DE TAI

1.1 Giéi thi¢u vé tau ngdim DARPA SUBOFF

Tau ngﬁm 1a loai tau thiét yéu va chuyén dung dugc van hanh boi luc lugng hai
quan cia nhiéu nudc dé phuc vu muc dich an ninh & ving bién qubc gia dong thoi no
cling gitip con ngudi c¢6 thé kham pha céac sinh vat & dudi dai duong va nd con co thé
duoc str dung vao muyc dich ctru hg, quan sat, du lich,... Chinh vi vay thiét ké thuy dong
I cua cac dang than tau va dong co ddy 1a mot trong nhitmg mdi quan tdm chinh cta
cac kién trac su hai quan nham cai thién hiéu suét thuy dong luc vé mat luc can, luc déy,
kha ning co dong, d6 6n dinh va kha ning tang hinh.

Tau ngam DARPA SUBOFF 1a mé hinh tau SUBOFF dugc nghién ctru va phat
trién tir Co quan chi dao cac dy an nghién ctru Qudc phong tién tién DARPA (Defense
Advanced Research Projects Agency) [1]. M6 hinh duoc sir dung cho dé tai dya trén 13
mau 5470 — 5471 c6 kich thudc giébng nhau va khac nhau vi tri voi ap suat bé mit, mo
hinh ndy bao gém phan than tau ngam, dai quan sat va 4 vay dudi tau ngdm duoc bd tri

nhu Hinh 1.1.

Hinh 1.1 Truong hop moé hinh SUBOFF duoc st dung cho dé tai

SVTH: Nguyén Ditc Trong GVHD: TS. Nguyén Vin Minh
Tran Ba Sy 1
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% Kich thuéc chii yéu ciia mé hinh tau ngim:

M6 hinh DARPA SUBOFF nay dugc st dung model 5470 — 5471 [1] va c6 céc
kich thudc chu yéu sau:

— Phan thin tau c6 chiéu dai téng thé 1a 4,356m bao gém: phan than trudc dai
1,016m, chiéu dai phan than giira hinh try 1a 2.229m, chiéu dai phan sau tau la
1,111m va chiéu dai phan duéi 1a 0,095m.

— Phan dai quan nam & mép trén than dai 0,368m va cach vi tri mili tau ngam theo
phuong doc tau la 1 doan 0,924m.

— Phén vay dudi bao gom 4 vay dudi giéng hét nhau dugc gan & vi tri diém mép

trén 0° va 1an luot 1a 90°, 180° va 270°.

4356
r 923 388 2624 217

V.1

Hinh 1.2 Vi tri twong ddi ctia dai quan sat va vy dudi theo chiéu dai tau ngdm

1.2 Muc tiéu nghién ciru

Muc tiéu chung ctia dé tai 1a nghién ctru va phén tich dic tinh thay dong luc hoc
ctia tau ngdm DARPA SUBOFF bang phuong phap CFD. Phuong phép nay sé& dugc sir
dung dé danh gia cac yéu tb thuy dong luc hoc tic dong 1én tau ngdm, bao gdm luc can
va cac yéu to thuy tinh. Pé dat duoc muc tiéu nay, trudc hét nghién ctru s€ sir dung
phuong phap 1y thuyét dé xac dinh cac thong s ctia mo hinh, bao gém kich thuéc, hinh
dang, khdi luong va trong tdm cta tau ngdm DARPA SUBOFF. Sau d6, phuong phap
mo phong CFD s& dugc s dung dé tinh toan va phan tich dong chay luu chat xung
quanh tau ngam. Két qua tinh toan tir mé phong CFD s& cung cip thong tin vé luc thuy
dong luc hoc tac dong 1én tau trong cac truong hop cu thé nhu tau bi chiii mii hodc bi
dat. Tu do, nghién ctru s€ so sanh két qua tinh toan véi dit 1iéu thuc té dé kiém tra do

chinh xéc va tin cay cua phuong phap CFD.

SVTH: Nguyén Piic Trong GVHD: TS. Nguyén Van Minh
Tran Bd Sy 2
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Ngoai ra, dé tai nay con tinh toan xay dung phuong trinh chuyén dong cia tau ngam
Darpa Suboff. Bé don gian hoa phuong trinh chuyén dong ciia tau ngam trong 6 bac ty
do ta cho géc toa do tau G trung vadi trong tdim CG va céc truc toa d0 cua tau tuong ing
voi1 truc quan tinh. Theo dinh luat I Newton ta co: Gia tdc cia mot vat cung hudng véi
luc tac dung 1én vat va do 16n cua gia tde ti 1& thuan v&i do 16m cua luc va ti 18 nghich

v6i khéi luong cia vat. Do d6, ta cé cong thire sau:
F =ma
Trong do:

— F1add 16n cua luc (N)
— m la khéi luong cua tau ngam (kg)

— ala gia toc cua tau ngam (m/s?)

Ttr dinh ludt trén ta c6 phuong trinh chuyén dong cta cac luc va momen nhu sau:

X :m[a—vr+wq—xc(q2 +r2)+yG(pq—f)+zG(pr+Q)] (1.1)
Y = m[f/—wp +ur—y,(r’ +p2)+ZG(qr—p)+xG(qp+f)] (1.2)
Z=m| w—uq+vp—zo(p* +q")+x,(rp =)+ yo(rq + p) | (13)
K=Lp+(=1)ar =G+ ppl + =+ or=l,
+m[yG(v'v—uq+vp)—zG(\>—wp+ur)] .
M=1G+,~1)p—(p+qr)l, +(p*—r ) +(qp—7F)1, (15)
+m|zg (i —vr +wq) —x,(W—uq +p)] '
N=1;+I,-1)pg—(G+m) +(q*—p), +(rqg—p)L, (1.6)

+m[xG(\'/—wp +ur)—y.(u—vr+ wq)]

Dé c6 thé tinh dugc cac toa do chuyén dong ciia tau, cac phuong trinh chuyén dong

duoc tién hanh dao ham riéng sau d6 quy vé dang khong thir nguyén:

SVTH: Nguyén Piic Trong GVHD: TS. Nguyén Van Minh
Tran Bd Sy 3



Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

+§L2 (X v+ X W ]+ §L2 (X 0282 + X 5268 + X 3,15, |
(1.7)
—(W -B)sin0+F, +§L3 (X i+ X v+ X, wq |

_+ § L2 [X'V\)vz + X'W\sz]
§L4 [Y',.,r' +Y, p+ X |+ Y'pqpq} + §L3 [Y'rur +Y up+Y v+ Y'prp]

L[Vl + Y s Vo]0 )| [+ 20 {Y S, +Y 1S (1 —%)C }
(1.8)

_§ c, ! V) WT + T de- §LC_L:|I; WX, (¢ — rlx])dx

| +(W = B)cos@sin ¢

Pyl » . T L ' '
EL [qu—)+prp +Z . r +errp+Zq‘q‘q|q|]
+=0 _Z'Wv'v+ Z'quq + Z'VPVpJ

Z=|+%0 _Z'Ouz + Z'w.uw+Z"W‘u W+Z,, ‘w(v2 + wz)”zu +Z v (1.9)

+§L2 Z w6 +7Z ,u’s,+ Z'muzés (n— %)C}

_gLC_LT v(x)I7FW (t —7[x])dx + (W — B)cos@cos ¢

SVTH: Nguyén Pirc Trong GVHD: TS. Nguyén Van Minh
Tran Bd Sy 4



Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

§L5 (M, g+M, rp]+§L4 (M W+ M, ug]

+§L3 _M‘*uz +M‘Wuw+M‘W‘W‘R w‘(v2 +w2)“2H

w

P

B 2 2N1/2
+ _M“W‘u|w|+M'WW‘w(v +w’) H

M = +§L3 M‘5Su25S +M'5b”25b +M'5mu25s(n—%)C}
1/2
+§Cd [xbGoyw() {[w()T + ()}
L

P s
—ELCL;[XV(X)VFW (1 —7[x])dx

—~(x;W —x,B)cosOcosp—(z,W —Z,B)sin0

P U 'y ! '
ELs[kﬁp+kfr+quqr+kppp|p|]

+§L4 :k'p up+k' ur+ k' v+k', wp]

+§L3 :k'*u2 +k' puv+ K", quW(t—TT)]

K= +§L3 k' u’s, +k'5mu25r(77—%)C}

+§L3 (U +V7 5+ w [k, sindgy + k' sin 8 |

+§Lzz | C_L.[ W(x)I7FW (t —r[x])dx

+(yoW = yzB)costcosg—(z,w —z,B)cosOsing— 0,

(1.10)

(1.11)
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§L5 [N',. PN PN, pq}

N',up+N' ur+N' |

v\v\Rv‘(vz"'Wz)l/ZH

+§L3 _N'*u2+N‘Vuv+N'

N= +§L3 N'ﬁruzﬁr+N'5mu25r(77—%)(7} (1.12)

~2C, Jehv) Do + T |

P e oy
_ELCL I xw(x)vew (t —7[x])dx

X2

+(x;W —x,B)cosOsing +(y, W —y,B)sind

Trong do:

e 4, v, w:lagia toc tuyén tinh (m/s?)
e u, v, w1 van tdc tuyén tinh (m/s)
e p,q,r:lagiatdc goc (degrees/s2)

AX,

o AX=AX + 5
(AX; +log,,u)

1

e C=C,+(C,+CAX)"

o U=@+v+w?)"”

X .
o X '= I **— Ja hé so khong thur nguyén cua X dao ham béc 2 theo ww
—pl’
> P
Xt s ta A Lia : N A
* X, '= 7 2 1a hé s6 khong thtr nguyén cua X dao ham bac 2 theo gw
—.p.L
> e
o X '= ] w13 hé s6 khong thir nguyén ctia X dao ham bac 2 theo vv
—p.
> P
o X '= ] 13 hé s6 khong thir nguyén cta X dao ham béc 2 theo vr
~—pL
> P
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r

S
I

13 hé s6 khong thir nguyén ciia X dao ham béc 2 theo rr

rr 1 4
—.p.L
) P
X .
* X, '= 7 " __1a h¢ so khong thtr nguyén ctia X dao ham bac 2 theo gw
EpL?’

X oixy s A A
e Xx,'= TG l1a hoanh d¢ cua trong tam G

o w'= % 1a thanh phan khong thir nguyén van tdc w theo x

o y'= 512‘1 thanh phan khong thir nguyén vén toc w theo y

. q.L ; o :
o ¢g'= ql]2 1a thanh phan khong thr nguyén gia toc goc so véi truc y

o g'= % 1a thanh phan khong thir nguyén van tdc goc so véi truc y

N, .
o N '= *—1a h¢ s6 khong thir nguyén cua N dao ham bac 2 theo uv

—.p.l
5 P
' N N 1A A A ’ N ” S A
e N '= ] ' —a hé s6 khong thr nguyén cia N dao ham bac 2 theo ur
—.p.L'
) P
' N \ A A A , A N
e N'= T 1a h¢ s6 khong thtr nguyén cua moment theo truc z
—p.LU?
2
M LA A LA . A \ 2 2\2
e M '= %la hé s6 khong thir nguyén cua momen theo ham ‘w(v +w )
—.p.L
) P
' WWR 1y A LA , N . ) M\
. ir =7 1a hé so khong thtr nguyén cia momen theo ham w (v +w )
5 IDL3
o M N '= %m hé sb khong thir nguyén cia momen theo ham u|w|
—.p.l
) P
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o M, '= le 1a hé s6 khong thtr nguyén ctia momen theo ham Ww
—.p.L
> P
M, A , A .
o M '= ] *—1]a hé s0 khong thr nguyén cua momen theo ham uw
—p.L
> P
* M, '= 7 13 hé s6 khong thir nguyén cia momen theo ham rp
—.pL
> P
M, . xa , A .
* M,'= ] 4 1a h¢ s6 khong thir nguyén cua momen theo ham ¢
—pL
> P
M, o . N .
* M,'= ] 4 1a h¢ s6 khong thir nguyén cua momen theo ham ug
—p.L'
> P
' M* \ A A A ’ A 5 \ 2
o M.,'= I 1a h¢ s6 khong thr nguyén cua momen theo ham %
—pL
5 P
o M'= T 13 hé s6 khong thir nguyén ctia momen thity dong theo truc y
5,0[} .(]2
e m'= I " 1a hé s6 khong thtr nguyén ciia khoi luong
—p.L
5 P
' KVR \ A A A ’ A 5 \
o K,'= ] la hé s6 khong thir nguyén ciia momen K dao ham theo uv
—p.L
> P
' K, N LA LA A ’ A ) \ .
e K. '= I — la hé so khong thir nguyén cia momen K dao ham theo 7
—.p.l
> P
' K, s xiia , A \
e K '= ] —la h¢ so khong thtr nguyén cua momen K dao ham theo ur
—.p.L'
) P
* K, '= ] 1 hé s khong tht nguyén ciia momen K dao ham theo gr
—.p.L
> P
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1 .
o [ '= I *—la hé so khong thir nguyén cua momen quan tinh theo phuong x
—.p.C
5 P
e [/'= ] Y 1a hé s6 khong thi nguyén ctia momen quan tinh theo phuong y
—.pL
5 P
SRR P TN S : A o
o [ '= I —la hé s khong thir nguyén cua momen quan tinh theo phuong z
—.pC
) P
e [ '= 7 » 13 hé sé khong thr nguyén cua tich s6 momen quan tinh theo
E,OLS

1 . .
e [ '= 7 = 1a h¢ so6 khong thr nguyén cua tich s6 momen quan tinh theo
—pL
> P
phuong y va z
I r I3
o [ '= I “—1a h¢ s6 khong thir nguyén cua tich s6 momen quan tinh theo
EpLS

phuong x va z

X .
o X'= T . 1a h¢ s6 khong thtr nguyén lyc doc theo phuong x
—pL’U?
2
Y LA A LA . .
o Y'= T 1a h¢ s6 khong thir nguyén lyc ngang theo phuong y
~—pl’U?
2
[ Z \ A A A ) A
o 7'= T . 1a hé s6 khong thir nguyén luc theo phuong z
~—pL’U?
2
) T S , . .
o Y'= I — 14 hé s0 khong thir nguyén luc doc theo phuong y dao ham theo ur
—p.L
> P
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Y.'= I Y 13 hé sé khong thir nguyén lyc doc theo phuong y dao ham theo 7

~.pl
> P
. Y A Aia , n .
Y'= ] *—1a hé s0 khong thtr nguyén luc doc theo phuong y dao ham theo uv
—.p.’
> P
. Y A KA , n . )
Y,'= ] *— 14 hé so khong thr nguyén luc doc theo phuong y dao ham theo v
—.p.
> P
Y;MR 4
Y MR '= T - l1a h¢ s6 khong thir nguyén luc doc theo phuong y dao ham theo
—.pI
5 P
1
% (v2 + v1/2)2

Z,'= Z: 13 hé s6 khong thtr nguyén luc theo phuong z dao ham theo

5 p.l’

* Z,'= 1 %, 1a hé s6 khong thtr nguyén lyc theo phuong z dao ham theo ug
5 p.L

e Z,'= 7 g ) 12 hé s6 khong thir nguyén luc theo phuong z dao ham theo ¢
5 p.L

e Z,'= 1ZV” 1a hé s6 khong thtr nguyén lyc theo phuong z dao ham theo vp
5 p.L

o 7 '= ] Zy 1a hé s6 khong thir nguyén lyc theo phuong z dao ham theo uw
5> p.I’
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1.3 Phwong phap va n¢i dung nghién ciru
1.3.1 Déi twong nghién ciru

Déi trgng nghién ctru chinh cua dé tai 1a tau ngdm khi hoat dong dudi bién. Tuy
nhién, dé giéi han pham vi cta dé tai, nghién ctru s& tap trung vao cac trudng hop sau:

— Tau ngdm duoc gia dinh 1a hoat déng & ché do boi, nghia 1a khong tiép xuc véi
mit nude va khong chiu tac dong clia song bién. Trong truong hop nay, tau ngam
s& khong phai ddi miat v6i cac yéu té thuy dong luc hoc lién quan dén song bién
nhu lyc nang va luc kéo.

— DO sau cua nghién ctru khong b1 han ché. Tuy nhién, d§ sau cua tau ngém trong
cac truong hop duoc gia dinh s& anh hudng dén cac yéu td thuy dong luc hoc lién
quan dén lc can.

— Chét 1ong 1a nudc bién, co do nhét va khong nén duge. Picu nay cd nghia 1a cac
tinh chat vat 1y ctia chat 1ong s& duoc gilt nguyén trong qua trinh tinh toan va mo
phong.

1.3.2 Phwong phap nghién ciru

Dé nghién ctru cac dic tinh thuy dong luc hoc cta tau ngdm, c6 thé sir dung phuong
phap 1y thuyét va mod phong CFD dé tién hanh phan tich va tinh toan. Phuwong phap 1y
thuyét bat dau tir viéc phan tich dic diém hinh hoc ctia tau ngdm DARPA SUBOFF va
xac dinh ban chat vat 1y ciia bai toan mo phong dong luu chat chuyén dong quanh tau.
Tu do, cac gia thiét va diéu kién rang budc co thé duoc ap dat vao mo hinh. Sau do,
thong s6 ciia md hinh dugc xac dinh dua trén cac théng tin vé tau ngdm DARPA
SUBOFF. Cac thong s6 nay bao gdm kich thudc, hinh dang, va cac théng sd vat Iy nhu
khéi lwong, trong tAm, va do can cia tau. Tiép theo, phuong phap mé phong CFD duoc
sit dung dé tinh toan dong chay luu chat xung quanh tau ngadm. Phuong phap nay st
dung giai thuat s6 dé giai quyét cac phuong trinh Navier-Stokes va phuong trinh lién
quan dé mo phong dong chay luu chat. Két qua tinh toan tir mo phong CFD s& cung cap
thong tin vé luc thuy dong luc hoc tac dong 1én tau trong cac trudng hop cu thé nhu tau
bi chui mili hoic bi dat. Dau tién 1a sir dung phuong phap 1y thuyét bat dau tir viéc phan
tich dac diém hinh hoc tau tinh toan va ban chat vat 1y bai toan mé phong dong luu chit

chuyén dong quanh tau ngam, tir d6 ap dat cac gia thiét va diéu kién rang budc trong
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truong hop nay 1a tau ngdm DARPA SUBOFF, dira vao d6 lam co so dé xac dinh céac
thong sb ctia md hinh va st dung phuong phap mé phong CFD phu hop dé tinh toan.
1.3.3 Ngi dung nghién ciru

Nghién ciru vé cac dic tinh thuy dong luc hoc co thé tap trung vao cac khia canh
sau:

— Anh hudng cua van toc va d6 sdu dén stc can tic dong 18n tau ngdm: Nghién ciru
nay co thé xem xét cach van tée va dd sau cia tau ngﬁm anh hudéng dén luc can
ma nd gap phai trong moi trudng nudc.

— Anh huong cia lyc thuy dong luc hoc d6i v6i tau trong trudng hop chai mili hodc
bi dat: Nghién ctru nay c6 thé tim hiéu cac yéu tb thuy dong luc hoc, chfmg han
nhu lyc nang va stc can va cac anh hudng dén tau khi tau bi chai miii hodc bi
dat.

Nghién ctru nay s& giup hiéu rd hon vé cac anh hudng vén tdc, d6 sau, cac goc dat
va goc chii dén hoat dong cua tau ngdm hoc trong méi trudng nude, tir d6 cung cp

thong tin quan trong cho viéc thiét ké va diéu khién tau ngam hiéu qua.
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CHUONG 2. CO SO LY THUYET CUA PHUONG PHAP CFD

2.1 Gi6i thiéu vé phwong phap CFD

CFD (Computational Fluid Dynamics) 1a mdt phuong phép tinh toan sé duoc st
dung dé mo phong va phan tich cac tinh hudng chuyén dong cua chat long va khi. No
dua trén vi¢c sir dung cac phuong trinh dinh lugng, nhu phuong trinh Euler va Navier-
Stokes, dé mo ta cac qua trinh chuyén dong ctia chét 16ng va khi. Phuong phap CFD ap
dung cac phuong phap tinh toan sé dé giai quyét cac phuong trinh dinh luong nay. Bang
cach chia khong gian mo phong thanh mot ludi hitu han cac diém va ap dung cac phuong
phap tinh todn sb nhu phuong phap Finite Difference, Finite Volume hodc Finite
Element, CFD c6 thé tinh toan céc thong ) quan trong nhu ap suit, van toc, nhiét do va
céc dic tinh khac ciia chat 1ong va khi trong khong gian mo phong.
2.2 Cac phuong trinh chu dao

CFD vé co ban dya trén cac phuong trinh chu dao cua dong luc hoc chét long,
chting mé ta va biéu dién cac phuong trinh toan hoc vé cac dinh luat bao toan vat 1y [3].

CFD dua trén 3 nguyén 1y vat 1y co ban 4p dung cho hau hét dong luc hoc chat long do

la:
— Pinh luat bao toan khéi lugng
— Dinh luat II Newton
— Dinh luat bdo toan nang lugng
Dua trén 3 dinh luat trén thi CFD dp dung dua ra 3 phuong trinh chu dao tuong
ung la:

— Phuong trinh bao toan khdi luong — lién tuc
— Phuong trinh bao toan dong lugng
— Phuong trinh bao toan nang lugng
Pau tién, cac dinh luat s& duoc thé hién dua trén viéc xét chat 1ong & don vi co so,

& day 1a xét trén hat chit luu co s hinh 1ap phuong va cé cac canh bang 1 [3].
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Hinh 2.1 M6 ta hat chat lwu va hudng theo toa do Descartes
Tim hiéu cac khai niém dugc Gng dung gdbm ap sudt p, trong luong riéng chat
long p, cac vecto van toc trong khong gian u, v, w déu phu thudc vao cac dai luong

toa dd x, y, z va thoi gian ¢ nén cac dai lugng nay ngam hicu 1a p=p(x,y,2,1),

pP= p(x,y,z,t) , u :u(x,y,z,t), V= v(x,y,z,t) , W= w(x,y,z,t).
2.2.1 Phwong trinh bdo toan khéi lwong — phwong trinh lién tuc

Phuong trinh bao toan khéi luong dugc phat biéu 1a ty 18 ting khdi luong trong
mot phan tir chét luu bang tong khéi luong di vao va khéi luong di ra trong mot phan tir
chét luu d6 [4].

Phuong trinh bao toan khéi luvgng duoc biéu dién nhu sau [3]:

9p , 9lpu) opv) dpw) _, @.1)
ot ox oy 0z

Trong do6:

a \ \ 5 A * A A 9 A N A 1A A
8_/? la dao ham cua khoi lugng riéng chat 16ng trén thoi gian: theé hién sy thay doi

mat d6 chat 16ng tai mot thoi diém cu thé.
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d(pu) d(pv) O(pw)

, 1a dao ham cua khéi luong riéng chat long véi van tdc
ox oy Oz

theo cac huéng x, y, z: thé hién su thay ddi khéi lugng khi ¢6 sy ra vao cua cac
dong vat chat.
Theo dinh luat bao toan khéi luong ta co6:

Tbc do tang khoi lugng cua phén ttr chit luu 1a dao ham cua mat do chat luu trén

mot don vi thoi gian:
o op
— (p.AxAYyAz) = — AxAyAz 2.2
5, (PAXAYAZ) == Axiy (2.2)
Trong do:
¥ A , Ao 12 kg
+ p: Khoi lugng riéng cta chat 1éng (—J
m

+ 8x8ydz: Thé tich clia phan tir chét luu

clpw) 1
pwWH ({ 5 A\
é(pv) 1 oz 2
W+ — — Ay
£ > 2

LY

I
I
I
Ll

cpu) 1
P+ — itat e ALy

1
o 2 il e

al pu)
P — L ; > 0 (xyz) = =

P
134
e

(]

y z \
\I X
clpv)

a(pw) 1 A
VW — - —.— AV
f A ¢ !

- dy 2
oz 2

})H'

Hinh 2.2 Luu lugng chat 1ong vao ra cua phan tir chat luu

Luu luong khéi vao ra ctia mot phan tir chit luu c6 toa d6 (x,y,z) cho dong chay

theo phuong x la:

m = pUAy.Az (2.3)

Luu lugong khdi tai 2 mit vao ra cta phﬁn ttr chét luu theo phuong x la:
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d(pu) 1 O(pu)
- = A — .
(pu % 2 ]( \VAZ); (pu+ . zij(A Az) (2.4)
Tuong tu dbi véi phuong y va z ta co:
Theo phuong y: (pv Apv) 1 j.(AxAz); (perM.lAy].(AxAz) (2.5)
oy 2 dy 2
Theo phuong z: (pw opw) 1 J.(AxAy); (pw opw) 1 J(AxA ) (2.6)
oz 2 oz 2

Vay luu luong khéi gitta dong vao va dong ra ctia mot phan tir chit luu 1a:

d(pu) 1 LOp) 1
(pu ox 2 j(AAZ) [ ox 2 j(AAZ)

_d(pv) 1 B d(pv) 1
J{pv & .2ij.(AxAz) (per & .2ij.(AxAz)

+[pw—%%&j.(AxAy)—(pw+ %%AZ)(AXA)/)

Apu) %AxAyAZ — puAyAz — a(g “) ; AxAyAz 2.7)
X

= pu.AyAz —
+pv.AxAz — Ml AyAxAz — pv.AxAz — M.lAyAxAZ
a 2 oy 2

oow) ;AzAxAy pwAxay — 22 ;AzAxA

z Z

+pW.AxAy —

= —MAxAyAz —M.AxAyAz —M.AxAyAz
Ox oy oz

Tir cong thire (2.2) va (2.6) ta suy ra phuong trinh bao toan khéi lugng 1a:

%P axayz = - 2P pcapaz - 2P acapnz P aavn: 28)
ot ox oy oz

_op dpu) Opv) dpw) _,
ot ox oy 0z

(2.9)

Vi day 1a chat 1ong khong nén duoc nén mat do chat 1ong khong thay dbi theo thoi gian
do d6 phuong trinh (2.10) s€ trd thanh:
ou oOv oOw

=0 (2.10)
ox Oy oz
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2.2.2 Phwong trinh bdo toan dong luwong

Phuong trinh bao toan dong lugng dugc phat biéu 1a ty 18 ting dong lugng trong
mot phan tir chat luu bang tong cac luc tic dung 1én phan tir chit luu d6 bao gém luc
mit va luc khoi [4]. Luc mat 1a lyc tac dong cua mot vat 1én mat bé mat va dugce tinh
bang tich cta ap suat voi dién tich bé mit tiép xtc giita vat va bé mat d6. Luc khdi 1a
luc tac dong lén mot vat do trong luong cia nd va dugc tinh béng tich cta khdi luong
cua vat va gia tde trong truong. Dua vao Hinh 3.1 ta c6 x4c dinh dugc trén cdc mat cua

hinh 1ap phuong céac (mg suit phap o .0 ,,0.. theo cic huéng x, y, z va cac ing suét

a2 gy

tiép 7,,, 7,., 7., cua cac mat lap phuong song song voi cac mat xy, yz, xz.

Phuong trinh bao toan dong luong duoc biéu dién nhu sau [3]:

— Theo phuong x:

— 0
pﬁz 6p+80’“ + Fon +8TZ" +2FXB (2.11)
Dt Ox ox oy Oz

— Theo phuong y:

_op 0, 0o, 0
PR SCTITIAE I of iF (2.12)
Dt oy ox oy oz g

— Theo phuong z:

- or,
P Dw _ op N or_. N T, N 0o, +zeB (2.13)
Dt 0oz ox oy Oz

Trong do:
D D D L. A £, 12 A L \
— pFL; , pF‘;, va: la tich cua khoi luong riéng chat 16ng nhan véi dao ham

riéng ctia cac ham vecto van téc u, v, w theo thoi gian: thé hién su thay do6i
dong luong cua hat chat luu theo thoi gian.

—-0p -0p -0 X 2 1
— d , P , d la dao ham cua 4p suat theo cac phuong x, y, z: thé hi¢n su
ox Oy Oz

thay d6i ap suit do thay doi ctia mét do chat 1ong trong hat Iuu chit khi c6 ngoai

luc tac dong [4].
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0 0 0 0 0
_ ao_xx + Tyx + a)z-zx , Tx)’ + O-yy + TZ;V s asz + Tyz + aO-zz lé luc mét téC dung lén
ox oy Oz ox oy 0z Ox Oy oz

hat luu chét theo cac phuong x, y, z: thé hién cac ngoai lyc tdc dung lén bé mat
bao gom luc tiép tuyén va luc phap tuyén.

- Y FP,DFP, D FP lacac lyc khéi tac dung 1én phan tir chat luu.

Tyy

Hinh 2.3 Céc thanh phan tng suat tic dung 1én phan tir chat luu theo phwong x

Téng cac lyc tac dung 1én phan tir chat luu theo phuong x la:
Y F.=ma, (2.14)

Trong do:

- ZFx : Tong luc tac dung 1én phan tir chat luu theo phwong x

— ay Giatoc (ax = &)
Dt

— m: Khéi lugng, m = p.AxAyAz

Téng lyc mit tac dung 1én phan tir chat luu theo phuong x:
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5
S F = (0% Oy Oy ippn 2.15)
x oy &

Tong lyc mat tic dung 1én phan tir chat luu theo phuong vy 1a:

do, Otr,6 Or,
D F =(—2+—2+—)AxAyAz (2.16)
g oy ox Oz
Tong lyc mat tic dung 1én phan tir chat luu theo phuong z la:
or
D = (9%, 0% | ey \apas (2.17)
Oz ox Oy

Trong do:
o.=—-p+7,_
o,=-p+7, (2.18)
O.=—p+7..

Ma theo Newton thi ing suét nhét ty 1€ thuan véi tbc d6 bién dang nén ta co:

T, = Zy% + AV
X

aul.l ou (2.19)
T = 'u(é_xi + G_x,)
Trong do:
+ V=0 (ddi v6i chat 1ong 1y tuong khong nén duoc)
Do d6 ta co:
O, =—P+T,
Oy ="P%T,
O.=—p+T,
Ty =Ty = w2y (2.20)
ox Oy :
OW Ou
T =7, = ﬂ(a + g)
T, =T,= u(@ + @)
0z O

Thanh phan lyc khéi tac dung 1én mé hinh véi phuong x,y,z 13: pg

=> Phuong trinh bao toan dong luong theo phuong x la:
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p% — (F, + F,)AxAyAz 2.21)
Trong do:
—  F,.la lyc mat
—  F, lalyc khoi
OP+24-) 5 oy ou. 0. ow ou
S p—=pg. + )+ —[u(—+ )]+ —[u(—+—)] (2.22
P = PS. ( 5 ) 8y['u(8x ay)] az[“(ax 82)]( )

op o'u 0 0’u o*w 0’u

:pgx_a+2'u8x2+6y8x'u+8y2/u+6xﬁz'u+622ﬂ
op Ou 0u 0ou o’u  0v 0w
=g o T G e T T M G e o
op 0Ou ou 0Ou 0 Ou 0Ov Ow
=ng—a+(ax2+ayz+azz)ﬂ+ﬂa—x(a+§+a—z)

Tuong tu dbi v6i phuong y va z ta c6:

Dv 15/ o’v 0v 0O 0 Ov oOu ow
pE=pg, At bt p () (2.23)
Dt R S oy oy ox oz

Dw op Ow Ow 0w 0 ow Ov Ou
— =pg ——+ —+ FU—(—+—+— 2.24
T I

2.2.3 Phuwong trinh bdo toan nang luong

Phuong trinh bao toan dong luong dugc phat biéu 1a ty 1¢ ting ning luong trong
mot phan tir chat luu bang tong nhiét truyén vao phan tir chat luu cong voi tong cong
sinh ra ctia phan tir chat luu d6 [4]. Phuong trinh bao toan ning luong duoc biéu dién

nhu sau:

p%f =—div(pu)+ div(l.grad(T))

d(uo,,) N a(uTyx) . O(ur.,)
ox oy oz

(2.25)
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Trong do:

DE ‘. ) : . .
— pE la tich ctia khéi Iugng riéng chat long nhan véi dao ham riéng cua ham

ning lugng theo thoi gian: thé hién su thay d6i ning luong cua hat chét luu theo
thot gian.

d(pu) d(pv) o(pw)
ox oy oz

— —div(pu)=-

— div(A.grad(T))=—div(q)1a téc do truyén nhiét vao chat long vao chat long va
g =—A.grad(T) 1a nhiét lugng truyén qua cac bé mit tiép xuc.
2.3 Cac phuwong phap md phong dong roi
2.3.1 Gigi thiéu vé dong réi

Dong chay tang 14 dong chay ma ¢ d6 cac hat chat luu di chuyén song song véi
nhau, ¢6 su phan téng vé van toc va khi ¢ trang thai 6n dinh van tc tai mot diém hau
nhu khong doi theo thoi gian.

Dong chay rdi 1a dong chay ma cac hat chat luu di chuyén khong on dinh va nhiéu
loan tao ra cac dong xody hon don 16n bé khac nhau dan dén sy thay doi ngiu nhién cia
van tdc va ap suét 1am cho su khuéch tan, trao doi nang luong dién ra manh mé& va kho
kiém soat.

O day, trong dé tai nay viéc tim hiéu vé dong rdi cuc ky quan trong vi khi mé
phong cac dong rdi nay chinh 1a két qua ctia mo phong can tim hiéu, tai cc vi tri chit
long di qua vat thé c6 su thay doi van téc va ap suat thi anh huong dén két qua mong
doi va dua ra 101 giai dé tim hiéu sau hon.

2.3.2 Phwong phdp mé phéng réi truc tiép DNS (Direct Numerical Simulation)
+» Khai niém:

DNS Ia mot phuong phéap mé phong dong chay trong linh vuc CFD, trong d6 céac
phuong trinh Navier-Stokes dugc giai quyét truc tiép dé tinh toan cac thong s6 dong
chay trén timg diém khong gian. DNS 1a phuong phap c6 do chinh xac cao nhét trong
CFD, cho phép mé phong céc hién tugng dong chay chi tiét nhat [4].
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Tuy nhién, viéc giai quyét truc tiép cac phuong trinh Navier-Stokes doi hoi khdi
lwong tinh toan rat 16n, vi vay DNS thuong chi dugc st dung trong cac trudng hop dong
chay khong nén duoc va voi kich thude khong gian nho.

% Cac diic diém ciia DNS bao gom:

— Do chinh xac cao: DNS cho phép tinh toan céc thong sé dong chay trén timg
diém khoéng gian, do d6 d6 chinh x4c ctia phuwong phép nay rit cao.

— Khbi luong tinh toan 16n: Viéc giai quyét truc tiép cac phuong trinh Navier-
Stokes doi hoi khoi lugng tinh toan rat 16m, do d6 DNS chi 4p dung dugc cho cac
truong hop dong chay khong nhon va véi kich thudc khong gian nho.

2.3.3 Phwong phdp mé phéng réi véi cdc xody lon LES (Large Eddy Simulation)

% Khai niém:

LES 1a mot phuong phap md phong dong chdy trong linh vuc CFD, trong d6 céc
hién tuong dong chay nhon dugc md phong bang cach giai quyét truc tiép cac phan tir
nho, goi 1a eddy, va xap xi cac phan tir 1én hon. Phuong phap LES cho phép mé phong
cac hién tugng dong chay nén duogc véi do chinh xac cao hon so véi cac phuong phéap
mo phong dong chay khong nén dugc va dong thoi giam thiéu chi phi tinh todn so véi
cac phuong phap mo phong dong chay toan phan (DNS) [4].

% Cic dic diém cia LES bao gom:

— Do chinh xac cao: LES cho phép mo6 phdng cac hién tuong dong chay nén duoc
v6i do chinh xac cao hon so véi cadc phuong phdp moé phong dong chay khong
nén duoc.

— Khébi luong tinh toan trung binh: Viéc giai quyét truc tiép cac phan tir nho doi hoi
khdi lugng tinh toan trung binh so vé1 DNS, do d6 LES c6 thé duoc st dung cho
cac tng dung thuc té.

2.3.4 Phwong phdp mé phéng réi trung binh RANS (Reynolds-Averaged Navier-
Stokes)

% Khai niém:

RANS Ia mdt phuong phap moé phong dong chdy trong linh vuc CFD, trong do6 céc
phuong trinh Navier-Stokes dugc giai quyét bang ky thuat lay trung binh Reynolds.
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Phuong phap RANS cho phép md phdng céc hién tuong dong chay khong nén dugc voi

d6 chinh x4c tuong dbi cao va dugc st dung rdng rii trong cac tng dung thuc té.
% Cac diic diém cia RANS bao gom:

— Do chinh x4c twong d6i cao: Phuong phap RANS cho phép mé phong cac hién
tugng dong chay khong nén véi do chinh xac twong ddi cao. Tuy nhién, d6 chinh
xac ctia RANS thip hon so v6i cac phuong phap mé phong dong chay khong nén
dugc va LES (Large Eddy Simulation).

— Khébi lugng tinh toan trung binh: Viéc giai quyét k¥ thuat 1y trung binh Reynolds
gitip giam sd lugng phuong trinh can giai quyét va do d6 giam khéi luong tinh
toan so voi cac phuwong phap moé phong dong chay toan phan (DNS).

% Két luan:

Dé tai nay lam viéc voi ddi tugng 1 tau ngdm Darpa Suboff ¢6 tinh chit ddi xtng
va qua trinh nghién ciru lién quan dén ap suat, van téc, d6 nhét dong hoc va luu lugng
chat long. Phuong phap RANS cho két qua kha chinh xac va khéi luong tinh toan phu
hop véi kha ning tinh toan ma khong mat nhiéu ngudn tai nguyén va ngoai ra phuong
phap RANS xur li t6t cac truong hop chat 1ong c¢6 hudng va hinh hoc ¢6 tinh chat dbi
xung.

Phuong trinh trung binh RANS duoc x4y dung trén co so 14 tach cac gia tri bién
ctia dong chét luu thanh cac thanh phan trung binh va thanh phan bién dong tir day sinh
ra 6 bién moi tuong tng 6 thanh phan tng suét rdi Re (Reynolds) dé biéu dién bién dong

tdng van toc cua chat luu do la:

0,=-pu’,0,=—pv’, 0 =—pw’ (2.26)

Txy :Tyx =—puv Tyz :sz =—pYW , T =T, =—puw

3 phuong trinh bao toan cé 5 phuong trinh ma phuwong phap RANS c¢6 6 an méi
nén phuong phap nay théng thudng s& bd sung cac mé hinh dong chay rdi, ta sir dung
mo hinh SST k- cho bai toan nay. STT k- e 1a su két hop gitta 2 mo hinh k-& va k-
@ trong d6 k- & manh cho tinh toan dong chét luu xung quanh vt thé nhung 16p bién

thi it chinh xé4c thay vao d6 16p bién s& duoc tinh bang mo hinh k- e .
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6((,;);0) +div(poV)

2.27
p koo 7

0,0 Ox; Ox,

2]

g j

@,

= a’ivM,u+ngmd(a))} +7, £2pSlj.Sy. —%pa)%Ay)—ﬂzpa)z +2
. x

2.4 Ung dung ciia phwong phap CFD

Xu hudng str dung phuong phap mo phong CFD (Computational Fluid Dynamics)
ngay cang dugc pho bién trong cac linh vuc ki thuat va cong nghiép hién nay. CED giup
t61 uu hoa thiét ké va cai thién hiéu sut cta cac san phdm va qua trinh san xuat, dong
thoi giam thiéu chi phi va thoi gian nghién ciru va phat trién san phim méi. Ngoai ra,
CFD con gitp danh gia tic dong ciia dong chay chat 16ng va khi dén méi trudng, tir d6
dua ra cac giai phap bao v¢ mai trudng va tdng cuong an toan cho cac hoat dong san
XUAL. Tuy nhién, viéc stt dung CFD ciing dat ra mot sb thach thirc, bao gSm chi phi cao
cho vi¢c tinh toan va mé phong, do phuc tap cua céc thuat todn va phuong trinh tinh
todn, cling nhu su khé khan trong viéc thu thap va xur ly dir liéu dau vao. Vi vay, Viéc
sit dung CFD can dugc danh gia ky ludng dé dam bao tinh chinh xac va hiéu qua cia
cac két qua mo phong, tir 46 dua ra cac quyét dinh thiét thuc va hop 1y trong cac hoat

dong k¥ thuat va san xuat.
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CHUONG 3. XAY DUNG MO HINH 3D TAU NGAM DARPA SUBOFF

3.1 Thu thap dir liéu
Dua vao tai liéu [1] vé viée xay dung 1én mo hinh tau DARPA SUBOFF bﬁng toa
do, ta chia ra cac giai doan xay dung nén mo hinh 3D tau.

Bang 3.1 Dit liéu tau tau ngdm Darpa Suboff (David Taylor Research Center)

Thong sb Ky hiéu Kich thuéc (m)

Chiéu dai toan bo Loa 4,356
Chiéu dai phan than trudc Lr 1,016
Chiéu dai phan than giita Ls 2,229
Chiéu dai phan than sau tau La 1,111
Chiéu dai phan duoi Lp 0,095
Chiéu dai dai quan sat Los 0,368
Dai quan sat cach vi tri miii

‘ - 0,924
tau ngam theo phuong doc tau
- Loa -

LF Las
o o
. P’ T ]

Hinh 3.1 Kich thudc chii yéu mé hinh tau ngdm
3.2 Xay dung m6 hinh 3D
3.2.1 Phén than tau ngam déi xirng
Phan than tau c6 dang déi xtimg qua duong tim doc than tau xuyén sudt chiéu dai
4,356m va duong kinh 16n nhat phan than gitra 12 0,508m. Chon truc x lam truc di xtmg

v6i diém O 13 phan dinh miii tau ngdm ta chia phan than tau thanh 4 phan:
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< Phéin miii (0m<x<1,016m) hodc (0fi <x<3,333fi)

Cong thirc xac dinh ban kinh phan miii theo chiéu dai theo don vi feet:

1

1,126395101x(0,3x —1)* |2

R=R,,, | +0,442874707x%(0,3x - 1)’ G.1)
+1—(0,3x—1)*(1,2x+1)

Trong do:

x 14 chiéu dai mé hinh (ft)

R ban kinh tir tam doc tau (ft)

— Rmax = Bl
6
Béng 3.2 Ban kinh phan miii theo chiéu dai tau
STT x (ft) R (ft) X (m) R (m)
0 0,000 0,000 0,000 0,000
1 0,042 0,059 0,013 0,018
2 0,083 0,114 0,025 0,035
3 0,125 0,164 0,038 0,050
4 0,167 0,212 0,051 0,065
5 0,208 0,255 0,063 0,078
6 0,250 0,296 0,076 0,090
7 0,292 0,333 0,089 0,101
8 0,333 0,367 0,102 0,112
9 0,375 0,398 0,114 0,121
10 0,417 0,427 0,127 0,130
11 0,458 0,453 0,140 0,138
12 0,500 0,478 0,152 0,146
13 0,542 0,499 0,165 0,152
14 0,583 0,519 0,178 0,158
15 0,625 0,538 0,190 0,164
16 0,667 0,554 0,203 0,169
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17 0,708 | 0,569 | 0216 | 0,173
18 0,750 | 0,583 | 0229 | 0,178
19 0,792 | 0,595 | 0241 | 0,181
20 0,833 | 0,606 | 0254 | 0,185
21 0,875 | 0,616 | 0267 | 0,188
22 0917 | 0,625 | 0279 | 0,191
23 0,958 | 0,633 | 0292 | 0,193
24 1,000 | 0641 | 0305 | 0,195
25 1,042 | 0648 | 0317 | 0,197
26 1,083 | 0654 | 0330 | 0,199
27 1,125 | 0,660 | 0343 | 0,201
28 1,167 | 0665 | 0356 | 0,203
29 1208 | 0,670 | 0368 | 0,204
30 1250 | 0675 | 0381 | 0,206
31 1292 | 0,679 | 0394 | 0207
32 1333 | 0684 | 0406 | 0,208
33 1375 | 0,688 | 0419 | 0,210
34 1417 | 0,692 | 0432 | 0211
35 1458 | 0,69 | 0444 | 0,212
36 1,500 | 0,700 | 0457 | 0,213
37 1,542 | 0,703 | 0470 | 0,214
38 1,583 | 0,707 | 0483 | 0,216
39 1,625 | 0,711 | 0495 | 0,217
40 1,667 | 0,715 | 0508 | 0218
41 1,708 | 0,719 | 0521 | 0,219
42 1,750 | 0,723 | 0,533 | 0,220
43 1,792 | 0,727 | 0546 | 0,222
44 1,833 | 0,731 | 0559 | 0,223
45 1,875 | 0,736 | 0,571 | 0,224
46 1,917 | 0,740 | 0,584 | 0,226
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47 1,958 | 0,744 | 0,597 | 0,227
48 2,000 | 0,749 | 0610 | 0228
49 2,042 | 0,753 | 0622 | 0230
50 2,083 | 0,758 | 0635 | 0231
51 2,125 | 0,762 | 0648 | 0232
52 2,167 | 0,767 | 0660 | 0234
53 2,208 | 0,771 | 0673 | 0235
54 2,250 | 0,775 | 0686 | 0236
55 2292 | 0,780 | 0,698 | 0,238
56 2333 | 0,784 | 0,711 | 0239
57 2375 | 0,788 | 0,724 | 0,240
58 2417 | 0,792 | 0,737 | 0242
59 2,458 | 0,796 | 0,749 | 0,243
60 2,500 | 0,800 | 0,762 | 0,244
61 2,542 | 0804 | 0,775 | 00245
62 2,583 | 0807 | 0,787 | 0,246
63 2,625 | 0811 | 0800 | 0247
64 2,667 | 0814 | 0813 | 00248
65 2,708 | 0817 | 0825 | 0249
66 2,750 | 0819 | 0838 | 0250
67 2,792 | 0822 | 0851 | 0250
68 2,833 | 0824 | 0864 | 0251
69 2,875 | 0826 | 0876 | 0252
70 2917 | 0827 | 0889 | 0252
71 2,958 | 0829 | 0902 | 0253
72 3,000 | 0,830 | 0914 | 0253
73 3,02 | 0831 | 0927 | 0253
74 3,083 | 0832 | 0940 | 0254
75 3,125 | 0,832 | 0952 | 0254
76 3,167 | 0,833 | 0965 | 0254
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77 3,208 0,833 0,978 0,254
78 3,250 0,833 0,991 0,254
79 3,292 0,833 1,003 0,254
80 3,333 0,833 1,016 0,254

< Phin than dng (1,016m < x <3,245m) hodc (3,333t <x<10,646ft)

Bang 3.3 Ban kinh phan than éng

STT X R Don vi
1 1,016 | 0,254 m
2 3245 | 0,254 m

< Phin dudi (3,245m < x <4,261m) hodc (10,646 ff <x<13,979 ff)

Cong thirc xac dinh ban kinh phan dudi theo chiéu dai theo don vi feet:

2
1+, K E +(2O—20rh2 -4 K, —%Kljfg'

+ (—45 +45r7 +61,K, + K, )§4
(3.2)
+(36-36r; —4r,K, - K, )&

+(—10+10rh2 +rK, +%Klj§6

Trong do:

— 1,=0,1175
- K,=10

— K, =46,6244

_13,979167 - x

¢ 3,333333
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Bang 3.4 Ban kinh phan dubi theo chiéu dai

STT ¢ x (ft) R(f) | x(m) | R(m)
0 1,000 10,646 | 0833 | 3,245 | 0,254
1 0,950 10,812 | 0833 | 3296 | 0254
2 0,900 10,979 | 0,828 | 3,346 | 0,252
3 0,850 11,146 | 0818 | 3397 | 0249
4 0,800 11,312 | 0801 | 3,448 | 0,244
5 0,750 11,479 | 0,776 | 3,499 | 0237
6 0,700 11,646 | 0,744 | 3,550 | 0,227
7 0,650 11,812 | 0,705 | 3,600 | 0,215
8 0,600 11,979 | 0,661 | 3,651 | 0,201
9 0,550 12,146 | 0,611 3,702 | 0,186
10 0,500 12,313 | 0557 | 3,753 | 0,170
11 0,450 12,479 | 0,501 3,804 | 0,153
12 0,400 12,646 | 0442 | 3854 | 0,135
13 0,350 12,813 | 0384 | 3,905 | 0,117
14 0,300 12,979 | 0327 | 3,956 | 0,100
15 0,250 13,146 | 0271 | 4,007 | 0,083
16 0,200 13313 | 0220 | 4,058 | 0,067
17 0,150 13,479 | 0,174 | 4,108 | 0,053
18 0,100 13,646 | 0,135 | 4,159 | 0,041
19 0,050 13,813 | 0,108 | 4210 | 0,033
20 0,000 13,979 | 0,098 | 4261 | 0,030

< Phin chép dudi (4,261m < x<4,356m) hodc (13,979t <x<14,291ft)

Cong thirc xac dinh ban kinh phan dudi theo chiéu dai theo don vi feet:

1

R= 0.1175.RMM.[1—(3,2x—44, 733333)2}2 (3.3)
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Bang 3.5 Ban kinh phan chép theo chiéu dai
STT | x (ft) R (ft) |x(m)| R(m)
0 |13,979| 0,098 |4,261| 0,030
1 14,042 | 0,096 |4,280 | 0,029

2 | 14,104 | 0,090 |4,299 | 0,027
3 | 14,167 | 0,078 |4,318 | 0,024
4 |14229| 0,059 |4,337] 0,018
5 114292 0,000 |4,356| 0,000
3.2.2 Phén dai quan sdt

Phan dai quan sat mat cat dang profil, & day s€ xac dinh toa d¢ dang profil & mat
trén cung cua dai quan sat.
< Phin truéc

Cong thure xac dinh toa do phén trude dai quan sat theo don vi feet:

1

2) = Zp | 2,094759(4) +0,2071781(B) +(C) | (3.4)

Trong do:
A=2D(D-1)*
B= A D*(D-1)°

C=1-(D-1)*(4D+1)
D =0,9363456(x —0,9244541328)

Bang 3.6 Toa do profil phan phia trudc dai quan sat

STT| A B C D |x(ft)|y({t) | z(ft) [ x(m)|y(m)|z(m)
0 {0,000 | 0,000 |0,000]|0,000 3,033 1,508 {0,000 | 0,924 | 0,460 | 0,000
1 10,058| 0,000 0,010 0,033 |3,044 | 1,508 | 0,040 | 0,928 | 0,460 | 0,012
2 10,101 | -0,001 | 0,039 | 0,067 | 3,055 | 1,508 | 0,055 | 0,931 | 0,460 | 0,017
3 10,131 -0,002 | 0,081 | 0,100 | 3,066 | 1,508 | 0,065 | 0,934 | 0,460 | 0,020
4 10,150 | -0,004 | 0,135 0,133 {3,076 | 1,508 | 0,073 | 0,938 | 0,460 | 0,022
5 (0,161 | -0,005 | 0,196 | 0,167 | 3,087 | 1,508 | 0,080 | 0,941 | 0,460 | 0,024
6 (0,164 |-0,007 | 0,263 | 0,200 | 3,098 | 1,508 | 0,085 | 0,944 | 0,460 | 0,026
7 10,161 | -0,008 | 0,332 | 0,233 | 3,109 | 1,508 | 0,089 | 0,948 | 0,460 | 0,027
SVTH: Nguyén Pirc Trong GVHD: TS. Nguyén Van Minh
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8 10,154 -0,009 | 0,402 | 0,267 | 3,120 | 1,508 | 0,093 | 0,951 | 0,460 | 0,028

9 10,144 | -0,010 | 0,472 | 0,300 | 3,131 | 1,508 | 0,096 | 0,954 | 0,460 | 0,029

10 | 0,132 |-0,011 | 0,539 | 0,333 | 3,141 | 1,508 | 0,099 | 0,958 | 0,460 | 0,030

11 {0,118 |-0,011 | 0,603 | 0,367 | 3,152 | 1,508 | 0,101 | 0,961 | 0,460 | 0,031

12 10,104 | -0,012 | 0,663 | 0,400 | 3,163 | 1,508 | 0,102 | 0,964 | 0,460 | 0,031

13 10,089 |-0,011 | 0,718 | 0,433 | 3,174 | 1,508 | 0,104 | 0,967 | 0,460 | 0,032

14 10,076 | -0,011 | 0,768 | 0,467 | 3,185 | 1,508 | 0,105 | 0,971 | 0,460 | 0,032

15 |0,062 |-0,010 | 0,813 | 0,500 | 3,196 | 1,508 | 0,106 | 0,974 | 0,460 | 0,032

16 |0,051|-0,010 | 0,851 | 0,533 | 3,207 | 1,508 | 0,107 | 0,977 | 0,460 | 0,033

17 10,040 | -0,009 | 0,885 | 0,567 | 3,217 | 1,508 | 0,108 | 0,981 | 0,460 | 0,033

18 |0,031 |-0,008 | 0,913 | 0,600 | 3,228 | 1,508 | 0,108 | 0,984 | 0,460 | 0,033

19 10,023 | -0,007 | 0,936 | 0,633 | 3,239 | 1,508 | 0,108 | 0,987 | 0,460 | 0,033

20 | 0,016 | -0,005 | 0,955 0,667 | 3,250 | 1,508 | 0,109 | 0,991 | 0,460 | 0,033

21 10,011 |-0,004 | 0,969 | 0,700 | 3,261 | 1,508 | 0,109 | 0,994 | 0,460 | 0,033

22 10,007 | -0,003 | 0,980 | 0,733 | 3,272 | 1,508 | 0,109 | 0,997 | 0,460 | 0,033

23 10,005 | -0,002 | 0,988 | 0,767 | 3,283 | 1,508 | 0,109 | 1,001 | 0,460 | 0,033

24 10,003 | -0,002 | 0,993 | 0,800 | 3,293 | 1,508 | 0,109 | 1,004 | 0,460 | 0,033

25 10,001 | -0,001 {0,997 |0,833 | 3,304 | 1,508 | 0,109 | 1,007 | 0,460 | 0,033

26 10,001 | -0,001 {0,999 |0,867 | 3,315 | 1,508 | 0,109 | 1,010 | 0,460 | 0,033

27 10,000 | 0,000 |1,000 0,900 |3,326 | 1,508 | 0,109 | 1,014 | 0,460 | 0,033

28 10,000 | 0,000 | 1,000 0,933 |3,337| 1,508 | 0,109 | 1,017 | 0,460 | 0,033

29 10,000 | 0,000 | 1,000 0,967 | 3,348 | 1,508 | 0,109 | 1,020 | 0,460 | 0,033

30 | 0,000 | 0,000 | 1,000 |1,000 3,359 1,508 | 0,109 | 1,024 | 0,460 | 0,033

< Phan giira
Bang 3.7 Toa d9 profil phan giita

STT | x (m) | y (m) | z (m)
0 | 1,024 | 0,460 | 0,033

1 |1,085]0,460 | 0,033

SVTH: Nguyén Piic Trong GVHD: TS. Nguyén Van Minh
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< Phan dudi
Cong thire xac dinh toa do phén dudi dai quan sat theo don vi feet:
2,238361(E(E-1)')

z,=0,109375
+3,106529(E* (E-1)')+(1-(E~1)' (4E+1)) (3.5)

o (4,241319-0)
0,6822917

Bang 3.8 Toa d6 profil phan dudi
STT| E x(ft) | y(ft) | z(ft) | x (m) | y (m) | z (m)
0 | 1,000 | 3,559 | 1,508 | 0,109 | 1,085 | 0,460 | 0,033
1 |0,750 | 3,730 | 1,508 | 0,105 | 1,137 | 0,460 | 0,032
2 10,500 | 3,900 | 1,508 | 0,086 | 1,189 | 0,460 | 0,026
3 10,250 | 4,071 | 1,508 | 0,051 | 1,241 | 0,460 | 0,015
4 10,000 | 4,241 | 1,508 | 0,000 | 1,293 | 0,460 | 0,000

3.2.3 Phén viy duéi

Phéan vay dudi voi sb lwong 13 4 nén ¢ day sé xac dinh vy vi tri 0°. VAy nay s&
duoc xac dinh béi bién dang profil cé chiéu hudng to dan vao tdm nén ta xac dinh toa
d6 bién dang profil vay dudi tai 2 vi tri: 1 1a phan profil 16n bén trong va 2 1a phan profil
nhé bén ngoai.
3.2.3.1 Profil 16m bén trong

Cong thirc xac dinh toa d6 phan profil 16n bén trong theo don vi feet:

Eg? =0,2969/E —0,126£ —0,3516&> +0,2852&° —0,1045¢
cly

—h
0<e=2
for0se =0

c(y)=-0,466308y +0,88859
h=12,73

+1<1 (3.6)

Trong d6: vi tri x ban dau 14 12,73 ft trong tng 3,88 m

SVTH: Nguyén Piic Trong GVHD: TS. Nguyén Van Minh
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Bang 3.9 Bang toa do profil vay dudi phan 16n bén trong

STT| & | c(y) | x(f) | y(f) | z)/e(y) (f) | x(m) |y (m) | z(x)/c(y) (m)
0 10,000 0,833 12,730 | 0,118 0,000 3,880 | 0,036 0,000
1 10,013 0,833 |12,740 | 0,118 0,032 3,883 | 0,036 0,010
2 10,025|0,833 | 12,750 | 0,118 0,044 3,886 | 0,036 0,013
3 10,038 10,833 | 12,761 | 0,118 0,052 3,890 | 0,036 0,016
4 10,050 |0,833 | 12,771 | 0,118 0,059 3,893 | 0,036 0,018
5 10,063 0,833 {12,782 | 0,118 0,065 3,896 | 0,036 0,020
6 |0,075]0,833 12,792 | 0,118 0,070 3,899 | 0,036 0,021
7 10,088 10,833 12,803 | 0,118 0,074 3,902 | 0,036 0,023
& 10,100 0,833 {12,813 0,118 0,078 3,905 | 0,036 0,024
9 10,113 0,833 12,823 0,118 0,081 3,909 | 0,036 0,025
10 | 0,125 0,833 | 12,834 | 0,118 0,084 3,912 | 0,036 0,026
11 0,138 0,833 | 12,844 | 0,118 0,087 3,915 | 0,036 0,026
12 10,150 | 0,833 | 12,855 | 0,118 0,089 3,918 | 0,036 0,027
13 0,163 | 0,833 | 12,865 |0,118 0,091 3,921 | 0,036 0,028
14 |0,175 0,833 | 12,875 | 0,118 0,093 3,924 | 0,036 0,028
15 |0,188 (0,833 | 12,886 | 0,118 0,094 3,928 | 0,036 0,029
16 |0,200 | 0,833 | 12,896 | 0,118 0,096 3,931 | 0,036 0,029
17 10,213 {0,833 | 12,907 | 0,118 0,097 3,934 | 0,036 0,029
18 10,225 0,833 12,917 0,118 0,098 3,937 | 0,036 0,030
19 10,238 {0,833 | 12,928 | 0,118 0,098 3,940 | 0,036 0,030

20 |0,250 (0,833 | 12,938 | 0,118 0,099 3,943 | 0,036 0,030
21 10,263 | 0,833 | 12,948 | 0,118 0,099 3,947 | 0,036 0,030
22 10,275 10,833 | 12,959 | 0,118 0,100 3,950 | 0,036 0,030
23 10,288 10,833 | 12,969 | 0,118 0,100 3,953 | 0,036 0,030
24 10,300 | 0,833 | 12,980 | 0,118 0,100 3,956 | 0,036 0,030
25 10,313 0,833 12,990 | 0,118 0,100 3,959 | 0,036 0,030
26 |0,325 0,833 | 13,000 | 0,118 0,100 3,963 | 0,036 0,030
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27 10,338 10,833 [ 13,011 [0,118 0,100 3,966 | 0,036 0,030
28 10,350 0,833 [ 13,021 | 0,118 0,099 3,969 | 0,036 0,030
29 10,363 0,833 13,032 [ 0,118 0,099 3,972 | 0,036 0,030
30 |0,3750,833 [ 13,042 | 0,118 0,098 3,975 | 0,036 0,030
31 | 0,388 0,833 13,053 0,118 0,097 3,978 | 0,036 0,030
32 [ 0,400 | 0,833 | 13,063 | 0,118 0,097 3,982 | 0,036 0,029
33 [ 0,413 0,833 [ 13,073 [ 0,118 0,096 3,985 | 0,036 0,029
34 [0,4250,833 [ 13,084 | 0,118 0,095 3,988 | 0,036 0,029
35 0,438 10,833 (13,094 [ 0,118 0,094 3,991 | 0,036 0,029
36 | 0,450 0,833 [ 13,105 | 0,118 0,093 3,994 | 0,036 0,028
37 0,463 10,833 [ 13,115 0,118 0,092 3,997 | 0,036 0,028
38 [0,4750,833 [ 13,125 0,118 0,091 4,001 | 0,036 0,028
39 [ 0,488 0,833 [ 13,136 | 0,118 0,089 4,004 | 0,036 0,027
40 10,500 | 0,833 ] 13,146 | 0,118 0,088 4,007 | 0,036 0,027
41 |0,51310,833 (13,157 /0,118 0,087 4,010 | 0,036 0,026
42 10,52510,833 (13,167 | 0,118 0,085 4,013 0,036 0,026
43 10,538 10,833 (13,178 [ 0,118 0,084 4,017 | 0,036 0,026
44 10,550 | 0,833 ] 13,188 | 0,118 0,082 4,020 | 0,036 0,025
45 10,563 10,833 (13,198 [ 0,118 0,081 4,023 0,036 0,025
46 10,575 0,833 (13,209 | 0,118 0,079 4,026 | 0,036 0,024
47 10,588 10,833 (13,219 0,118 0,078 4,029 | 0,036 0,024
48 10,600 | 0,833 13,230 | 0,118 0,076 4,032 | 0,036 0,023
49 10,613 10,833 (13,240 | 0,118 0,074 4,036 | 0,036 0,023
50 |0,6250,833 [ 13,250 [ 0,118 0,072 4,039 | 0,036 0,022
51 | 0,638 0,833 13,261 | 0,118 0,070 4,042 | 0,036 0,021
52 0,650 0,833 [ 13,271 | 0,118 0,069 4,045 | 0,036 0,021
53 0,663 0,833 13,282 (0,118 0,067 4,048 | 0,036 0,020
54 [0,6750,833 13,292 0,118 0,065 4,051 | 0,036 0,020
55 | 0,688 0,833 (13,303 0,118 0,063 4,055 | 0,036 0,019
56 | 0,700 | 0,833 [ 13,313 | 0,118 0,061 4,058 | 0,036 0,018
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57 (0,713 10,833 | 13,323 | 0,118 0,059 4,061 | 0,036 0,018
58 10,725 (0,833 | 13,334 | 0,118 0,056 4,064 | 0,036 0,017
59 10,738 | 0,833 | 13,344 | 0,118 0,054 4,067 | 0,036 0,017
60 |0,750 | 0,833 | 13,355 (0,118 0,052 4,070 | 0,036 0,016
61 |0,763 | 0,833 | 13,365 | 0,118 0,050 4,074 | 0,036 0,015
62 (0,775 0,833 | 13,375 | 0,118 0,048 4,077 | 0,036 0,015
63 |0,788 | 0,833 | 13,386 | 0,118 0,045 4,080 | 0,036 0,014
64 (0,800 | 0,833 | 13,396 | 0,118 0,043 4,083 | 0,036 0,013
65 (0,813 0,833 | 13,407 | 0,118 0,041 4,086 | 0,036 0,012
66 |0,825(0,833 (13,417 0,118 0,038 4,090 | 0,036 0,012
67 (0,838 0,833 | 13,428 | 0,118 0,036 4,093 | 0,036 0,011
68 0,850 0,833 | 13,438 | 0,118 0,033 4,096 | 0,036 0,010
69 |0,863 0,833 | 13,448 | 0,118 0,031 4,099 | 0,036 0,009
70 {0,875 0,833 | 13,459 | 0,118 0,028 4,102 | 0,036 0,009
71 {0,888 | 0,833 | 13,469 | 0,118 0,025 4,105 | 0,036 0,008
72 10,900 | 0,833 | 13,480 | 0,118 0,023 4,109 | 0,036 0,007
73 10,913 0,833 | 13,490 | 0,118 0,020 4,112 | 0,036 0,006
74 10,925 (0,833 | 13,500 | 0,118 0,017 4,115 10,036 0,005
75 10,938 | 0,833 | 13,511 | 0,118 0,015 4,118 | 0,036 0,004
76 10,950 (0,833 | 13,521 0,118 0,012 4,121 | 0,036 0,004
77 10,963 | 0,833 | 13,532 0,118 0,009 4,124 1 0,036 0,003
78 10,975 0,833 | 13,542 | 0,118 0,006 4,128 | 0,036 0,002
79 10,988 | 0,833 | 13,553 | 0,118 0,003 4,131 | 0,036 0,001
80 | 1,000 | 0,833 | 13,563 | 0,118 0,000 4,134 | 0,036 0,000
3.1.3.2 Profil nho bén trong
Cong thuc xac dinh toa do phén profil nho bén ngoai theo don vi feet:
2e) =0, 2969\/5— 0,126& —0,3516£7 +0,2852&° —0,1045¢&* (3.7)

c(y)
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Trong d6: Vi tri x ban day 1a 13,146 ft twong tng 4,007 m voi cac hé sd nhu bén
dudi
x—nh

c(y)
c(y) =—0,466308y + 0, 88859

h=13,146

0<E=2""11<1

Bang 3.10 Bang toa do profil vy dudi phan nhé bén ngoai

STT| & | ey [z/e) | x@® [y | z@®) [x@m) [ ym) [ z(m)
0 [0,000|0,417| 0,000 |13,146 1,012 0,000 | 4,007 | 0,308 | 0,000
1 [0,013]0,417| 0,032 |13,151]1,012|0,013|4,009| 0,308 | 0,004
2 100250417 | 0,044 |13,157|1,012]0,018|4,010| 0,308 | 0,006
3 10,038|0,417| 0,052 |[13,1621,012|0,022|4,012| 0,308 | 0,007
4 10,050|0417 | 0,059 |13,167 1,012 0,025 4,013 | 0,308 | 0,008
5 10,063 (0,417 | 0,065 |13,172 1,012 (0,027 | 4,015 | 0,308 | 0,008
6 [0,075(0,417| 0,070 |13,178|1,012 0,029 | 4,017 | 0,308 | 0,009
7 10,088]0,417| 0,074 |13,183|1,012|0,031|4,018| 0,308 | 0,009
8 10,100 |0,417| 0,078 | 13,188 1,012 0,033 | 4,020 | 0,308 | 0,010
9 10,113]0,417| 0,081 |[13,193|1,012 0,034 |4,021| 0,308 | 0,010
10 |0,125]0,417| 0,084 |13,198 1,012 0,035 (4,023 | 0,308 | 0,011
11 10,138 0,417 | 0,087 |13,204|1,012|0,036 | 4,024 | 0,308 | 0,011
12 10,150 | 0,417 | 0,089 |13,209|1,012 0,037 | 4,026 | 0,308 | 0,011
13 10,163 0,417 | 0,091 |13,214|1,012 0,038 | 4,028 | 0,308 | 0,012
14 |0,175]0,417| 0,093 |13,219|1,012|0,039 | 4,029 | 0,308 | 0,012
15 10,188 0,417 | 0,094 |13,224 1,012 0,039 4,031 0,308 | 0,012
16 |0,200 | 0,417 | 0,096 |13,230|1,012|0,040 [ 4,032 | 0,308 | 0,012
17 10,213 10,417 | 0,097 |13,235|1,012 | 0,040 | 4,034 | 0,308 | 0,012
18 10,22510,417| 0,098 | 13,240 | 1,012 | 0,041 [ 4,036 | 0,308 | 0,012
19 10,238 10,417 | 0,098 |13,245|1,012 0,041 | 4,037 | 0,308 | 0,012
20 | 0,250 0,417 | 0,099 |13,250| 1,012 0,041 | 4,039 | 0,308 | 0,013
21 10,263 0,417 | 0,099 |13,256|1,012|0,041 | 4,040 | 0,308 | 0,013
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22 [0,27510,417] 0,100 [13,261[1,012]0,042[4,042] 0,308 | 0,013
23 10,288 ]0,417] 0,100 |13,266 1,012 0,042 4,043 | 0,308 | 0,013
24 10,300 (0,417 0,100 |13,271 [ 1,012 0,042 4,045 0308 | 0,013
25 103130417 0,100 |13,276 1,012 0,042 4,047 | 0,308 | 0,013
26 10,325[0,417| 0,100 |13,282 1,012 0,042 4,048 | 0,308 | 0,013
27 10,338 0,417 0,100 |13,287 [ 1,012 0,041 4,050 | 0,308 | 0,013
28 10,350 0,417 0,099 |13,292 1,012 0,041 4,051 | 0308 | 0,013
29 10,363 0,417 0,099 |13,297 [ 1,012 0,041 4,053 | 0,308 | 0,013
30 [0,375/0417 ] 0,098 |13,303 1,012 (0,041 4,055 0,308 | 0,012
31 0,388 (0417 | 0,097 |13,308 1,012 (0,041 4,056 | 0,308 | 0,012
32 0,400 (0417 ] 0,097 [13,313 1,012 0,040 | 4,058 | 0,308 | 0,012
33 0,413 0417 ] 0,096 |13,318 1,012 0,040 4,059 | 0,308 | 0,012
34 [0,425[0417] 0,095 |13,323 1,012 0,040 | 4,061 | 0,308 | 0,012
35 (0,438 10417 ] 0,094 [13,329 1,012 (0,039 | 4,063 | 0,308 | 0,012
36 0,450 (0,417 | 0,093 | 13,334 1,012 (0,039 4,064 | 0,308 | 0,012
37 0,463 0417 ] 0,092 [13,339 1,012 (0,038 | 4,066 | 0,308 | 0,012
38 0,475[0417] 0,091 |13,344 |1,012 0,038 4,067 | 0,308 | 0,012
39 0,488 0417 | 0,089 |[13,349 1,012 (0,037 | 4,069 | 0,308 | 0,011
40 0,500 (0,417 | 0,088 |13,355[1,012 0,037 4,070 | 0,308 | 0,011
41 [0,5513]0,417| 0,087 |13,360 | 1,012 0,036 4,072 | 0,308 | 0,011
42 10,525[0,417| 0,085 |13,365]1,012 0,036 | 4,074 | 0,308 | 0,011
43 10,538]0,417| 0,084 [13,370 | 1,012 0,035 4,075 | 0,308 | 0,011
44 10,550 0,417 | 0,082 |13,375|1,012]0,034 | 4,077 | 0,308 | 0,010
45 10,563 10,417| 0,081 |13,381|1,012]0,034 | 4,078 | 0,308 | 0,010
46 10,575]0,417| 0,079 |13,386 | 1,012 0,033 | 4,080 | 0,308 | 0,010
47 10,588 10,417 0,078 |13,391 | 1,012 | 0,032 | 4,082 | 0,308 | 0,010
48 10,600 0,417 0,076 |13,396 | 1,012 0,032 | 4,083 | 0,308 | 0,010
49 10,613 ]0,417| 0,074 |13,401 | 1,012]0,031 | 4,085 | 0,308 | 0,009
50 |0,625/0417] 0,072 |13,407 | 1,012 ] 0,030 | 4,086 | 0,308 | 0,009
51 0,638 0417 0,070 | 13,412 1,012 0,029 | 4,088 | 0,308 | 0,009
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52 [0,650[0,417] 0,069 |13,4171,01210,029]4,090 0,308 [ 0,009
53 0,663 (0417 0,067 |13,4221,012 (0,028 | 4,091 | 0,308 | 0,008
54 [0,675/0417] 0,065 |13,428 1,012 (0,027 4,093 | 0,308 | 0,008
55 0,688 10417 0,063 |13,433 1,012 0,026 | 4,094 | 0,308 | 0,008
56 0,700 0,417 | 0,061 |13,438 1,012 0,025 4,096 | 0,308 | 0,008
57 10,713 0,417 0,059 | 13,443 1,012 (0,024 | 4,097 | 0,308 | 0,007
58 (0,725 0,417 | 0,056 | 13,448 | 1,012 0,024 | 4,099 | 0,308 | 0,007
59 0,738 0417 | 0,054 |13,454 1,012 (0,023 [4,101 | 0,308 | 0,007
60 | 0,750 [0,417 | 0,052 | 13,459 | 1,012 0,022 4,102 | 0,308 | 0,007
61 0,763 10417 0,050 | 13,464 | 1,012 0,021 4,104 | 0,308 | 0,006
62 0,775 0,417 | 0,048 | 13,469 | 1,012 0,020 | 4,105 | 0,308 | 0,006
63 0,788 0,417 | 0,045 |13,474|1,012]0,019]4,107 | 0,308 | 0,006
64 0,800 0,417 0,043 |13,480|1,012]0,018]4,109| 0,308 | 0,005
65 0,813 0417 | 0,041 |13,485|1,012]0,017]4,110] 0,308 | 0,005
66 |0,825/0,417| 0,038 | 13,490 | 1,012 ]0,016|4,112| 0,308 | 0,005
67 0,838 10417 0,036 |13,495|1,012]0,015]4,113| 0,308 | 0,005
63 0,850 0,417 0,033 |13,500 | 1,012 0,014 | 4,115 0,308 | 0,004
69 |0,863 10417 0,031 |13,506|1,012]0,013]4,117| 0,308 | 0,004
70 0,875 0,417 0,028 | 13,511 |1,012]0,012]4,118| 0,308 | 0,004
71 | 0,888 0,417 | 0,025 [13,516 1,012 (0,014,120 0,308 | 0,003
72 0,900 [0417 | 0,023 [13,521 1,012 (0,010 4,121 | 0,308 | 0,003
73 10,913 (0417 ] 0,020 |13,526 1,012 (0,008 | 4,123 | 0,308 | 0,003
74 10,925 0417 ] 0,017 |13,532 1,012 (0,007 | 4,124 | 0,308 | 0,002
75 0,938 0,417 ] 0,015 |13,537 | 1,012 0,006 | 4,126 | 0,308 | 0,002
76 10,950 [0,417 | 0,012 [13,542 1,012 (0,005 | 4,128 | 0,308 | 0,001
77 10,963 0,417 | 0,009 |[13,547 |1,012[0,004 | 4,129 | 0,308 | 0,001
78 0,975 0417 | 0,006 |13,5531,0120,002 4,131 0,308 | 0,001
79 [0,988 0,417 | 0,003 | 13,558 |1,012 0,001 |4,132| 0,309 | 0,000
80 | 1,000]0,417 | 0,000 |[13,563]1,0120,000 |4,134] 0,309 | 0,000

SVTH: Nguyén Pirc Trong
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Phan tich ddc tinh thuy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

Hinh 3.2 M6 hinh 3D tau ngam 3D dugc xiy dung

SVTH: Nguyén Durc Trong
Tran Ba Sy
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Phan tich ddc tinh thuy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD
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Phdn tich ddc tinh thiy dong luc hoc ciia tau ngdm Darpa Suboff bang phirong phdp CED

Tir mé hinh 3D tau ngdm DARPA SUBBOFF ta c6 bang tri sd tuyén hinh tau

ngam:
Bang 3.11 Bang tri s6 tuyén hinh tau ngdm Darpa Suboff
. Chiéu cao cich chuin Nira chiéu rong
Suon DT CDl1 CD2 CD3 CD4 |DNI1 | DN2 |DN3 | bN4 | BN5
SNO | - - - - - - - - - - - - - - -
SN1 | 208|300 | - - - - - - - - - - 46 - -
SN2 | 142|366 | 181 | 327 | - - | 181327 - - - 73 | 112 | 73 -
SN3 | 68 | 440 | 88 420|177 [331 | 88 [420| 177|331 | 77 | 166 | 186 | 166 | 77
SN4 | 15 493 | 31 (477 | 86 | 422 | 31 (477 | 86 | 422 | 168 | 223 | 239 | 223 | 239
SN5 | 0 |508| 15 (493 | 65 (443 | 15 | 493 | 65 |443 | 189 | 239 | 254 | 239 | 189
SN6 | 0 |508| 14 (494 | 65 |443 | 14 (494 | 65 [ 443 | 189 | 240 | 254 | 240 | 189
SN7 | 0 |508| 14 (494 | 65 (443 | 14 | 494 | 65 | 443 | 189 | 240 | 254 | 240 | 189
SN8 | O |508| 14 (494 | 65 [443 | 14 (494 | 65 [ 443 | 189 | 240 | 254 | 240 | 189
SNO | 0 |508| 14 (494 | 65 (443 | 14 | 494 | 65 | 443 | 189 | 240 | 254 | 240 | 189
SN10| O |508 | 14 | 494 | 65 |443 | 14 | 494 | 65 | 443 | 189 | 240 | 254 | 240 | 189
SN11 | O |508 | 14 [494 | 65 493 | 14 [494 | 65 [ 493 | 189 | 240 | 254 | 240 | 189
SN12| 0 |508 | 15 |494 | 65 |443 | 15 | 494 | 65 | 443 | 189 | 240 | 254 | 240 | 189
SN13 | 0 [509| 15 [494 | 65 443 | 15 [494 | 65 | 443 | 189 | 240 | 254 | 240 | 189
SN14 | 0 |509 | 15 |494 | 65 |443 | 15 | 494 | 65 | 443 | 189 | 240 | 254 | 240 | 189
SN15| 0 |508 | 15 [493 | 65 443 | 15 [493 | 65 [ 443 | 189 | 239 | 254 | 239 | 189
SN16| 3 |505| 17 | 491 | 68 |440| 17 | 491 | 68 | 440 | 186 | 237 | 251 | 237 | 186
SN17 | 21 | 487 | 37 |471| 94 | 414 | 37 |471 | 94 | 414 | 160 | 217 | 233 | 217 | 160
SN18 | 43 | 465 | 61 | 447|128 | 380 | 61 | 447 | 128|380 | 126 | 193 | 211 | 193 | 126
SN19 | 79 | 429 | 101 | 407 | 209 | 299 | 101 | 407 | 209 | 299 | 45 | 153 | 175 | 153 | 45
SN20 | - - - - - - - - - - - - - - -
SVTH: Nguyén Pirc Trong GVHD: TS. Nguyén Van Minh
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Phdn tich ddc tinh thiy dong luc hoc ciia tau ngdm Darpa Suboff bang phirong phdp CED

CHUONG 4. TINH TOAN THUY PONG LUC HQC TAC DUNG LEN TAU
NGAM TRONG TiNH TOAN SUC CAN

4.1 Tinh toan sirc can ciia thu ngdm & cic van toc khac nhau
4.1.1 Diéu kién mé phéng — cdc théng sé dau vao

Diéu kién m6 phong CFD trong dé tai ndy s& duoc mé phong twong tir cac diéu
kién nhu thuc nghiém [2] nén cac thong sé dau vao dé thiét 1ap mo phong sé duoc dya
trén tai liéu [2]. Cac thong sd cu thé nhu diéu kién kich thudc bé thir, khéi lwong riéng
cua nudc, d§ nhat dong hoc, do nham bé mit s& duoc thiét 1ap tuong tu bé thu cling nhu
vén tdc cia mo hinh tau ngam tir 3,0507 m/s dén 9,1520 m/s. M6 hinh dong chay duoc
str dung trong mé phong bao quanh tau ngim 12 mé hinh chat 1ong thuc RANS véi dong
chay déu va mo hinh dong r6i SST k - @ 1a phuong phap rat tot cho cac dong chay dic
biét 1a strc can tac dung 1én bién dang tau ngam [4].

Béng 4.1 Thong sb dau vao

Céc thong s6 dau vao Ki hiéu Gia tri Don vi
Khéi lugng riéng cta nude P 998,2 kg / m
Do nhét dong hoc y 1,003.10° m’[s

Bang 4.2 Cac trudong hop vén toc thir nghiém
Trsme hop Van tbc tau that | Van téc tau mo hinh
(m/s) (m/s)
1 14,95 3,0507
2 25,2 5,1444
3 29,87 6,0962
4 35,08 7,1611
5 40,32 8,2311
6 44,84 9,1520
SVTH: Nguyén Pirc Trong GVHD: TS. Nguyén Van Minh
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

4.1.2 Khéng gian mién tinh todn

Mién khong gian tinh toan cuc ki quan trong vi né anh hudéng dén d6 chinh xac
ctia két qua, tuy bai toan thi mién khong gian s& dam bao dung kich thude voi cac bai
toan trong dudng 6ng hodc du d6 16n dé dam bao khong anh huéng dén cac diéu kién
bién va cac yéu t6 can tinh toan tic dong 1én mo hinh hinh hoc cta tau ngam. O day ta
phai gidi han mién khong gian sao cho cac tau cach mit nuée 1 khoang va cach mit day
1 khoang dé khong ton tai anh hudng cia mat thoang ciing nhu 13 anh huong cia d6 sau
dén luc can cia tau ngdm. Theo ITTC (2008) [5] ta lua chon mién tinh ton sao cho céac
kich thuéc dam bao phai 16n hon hodc bang d& mién tinh toan dat do chinh x4c cho viée
tinh toan bai toan dén dic tinh thuy dong luc hoc tac dong 1én tau ngém. Dé6i vé6i bai
toan tinh sttc can tau ngam ta chon mién khong gian c6 dang hinh hop chir nhat bao
quanh tau ngdm vdi cac kich thudc ti thiéu nhu nhu sau (Chiéu dai tau L =4,356mva

duong kinh than tau ngdm 1a D =0,254m):

[

2,5L

1,5L T S 3L

25L

Y

Hinh 4.1 Kich thudc mién khong gian hinh chiéu ding

SVTH: Nguyén Pirc Trong GVHD: TS. Nguyén Van Minh
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Phdn tich ddc tinh thiy dong luc hoc ciia tau ngdm Darpa Suboff bang phirong phdp CED

9D

1,5L I B 3L

9D

Hinh 4.2 Kich thudc mién khong gian hinh chiéu bang
Bang 4.3 Mién tinh toan theo ITTC 2008

Vi tri cach tau Khoang cach
Phia trudc mili tau ngdm 1,5.Loa
Phia sau dudi tau ngdm 3.Loa
2 bén man tau ngam 9.D
Phia trén tau ngdm 2,5.Loa
Phia dudi tau ngadm 2,5.Loa

4.1.3 Lwoi tinh todn

Str dung dang ludi tam gidc (Triangle Mesh) 1a mdt loai ludi dugce st dung trong
m6 hinh hoéa va tinh toan cac van dé lién quan dén dong chay, nhiét do va co hoc trong
phan mém Ansys Fluent. Ludi tam gidc dugc tao bang cach chia khong gian tinh toan
thanh céc tam gidc. Cac tam giac nay co thé c6 kich thudc va hinh dang khac nhau, tiy
thude vao yéu cAu ctia mo hinh va do chinh xac mong mudn.

Ludi tam giac thuong dugce st dung trong cdc md hinh don gian va c6 hinh dang
don gian, vi no dé tao va tinh toan nhanh hon so véi cac loai ludi khac. Ngoai ra, ludi
tam gi4c ciing dé dang diéu chinh do chinh x4c cia mé hinh bang cach thém hodc bt
cac diem ludi.

% Xac dinh tinh chinh xac cia vié€c chia luéi
Ta so sanh két qua thu duoc tai van toc v=3,0507 m/s va kiém tra so sanh két qua

suc can gitra chung va thyc nghi¢m dé ki€ém chung tinh chinh xac cua luoi.

SVTH: Nguyén Piic Trong GVHD: TS. Nguyén Van Minh
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

Bang 4.4 Kich thudc luéi va sé phan tir timg ludi

e Kich thudc luéi | S lwong phan tir
cen \
(m) (triéu phan ttr)
Ludi tho 0,5 0,64
Lu6i min 0,25 2,33
130
120
M B~ o
/_\110 = ;1 T -
Z —:1 = r_1
8 100
(]
[}
90 /
80 )
70

1 2 3 4 5 6 7 8 9 10 11

=B-Ludi min Ludi tho

Hinh 4.3 D6 thi so sanh két qua stic can cta 2 ludi

Sai léch do két qua 2 ludi 1a 0,5% nén dam bao do hdi tu va so sdnh véi thyc
nghi¢m suc thi két qua suc can cua ludi tho sai 1€ch 1a 5,05% va ludi min 1a 4,54% dam
bao tinh chinh xac cua viée chia ludi va chat luong ludi duge dam bao. Chon ludi tho
dé str dung lam mé phong tinh stc can trudng hop tau thay ddi van tde do sai 1éch dap
an gitra viéc stir dung ludi thuong va ludi min khéng qua dang ké so véi két qua, thém
vao d6 st dung luéi thudng s& giam thoi gian tinh toan xudng dang ké.

% Pic diém cia luoi:
Kich thudc ludi mién chit long duge chon theo cong thirc kinh nghiém GCI (Grid

Convergence Index):

(4.1)

SVTH: Nguyén Pirc Trong GVHD: TS. Nguyén Van Minh
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

Trong do:
— & la kich thuéc phan tir (m)
— L 14 chiéu dai 16n nhit cia mién chat 16ng (m)
— N=3 d6i véi bai toan m6 phong 3D
Déi véi 16p bién trén tau va xung quanh gan bé mit tau ngam, kich thude ludi duoc
tinh chon theo cong thure kinh nghiém Y+ :

*
L p.U
U

(4.2)

Trong do:

— Y* 1a tham s6 khong thir nguyén khoang cach tuong

y 1 khoang cach tir bién dén 16p bién (m)
—  U*la van toc ma sat (m/s)
— ulahé s6 nhét dong hoc
Déi voi 16p bién mién tinh toan xac dinh c6 dang thu nho dan vé bién dang tau
ngam, theo cong thirc kinh nghiém CGI kich thudc phan tir & <3,12m, chon & =0,5m.
Khoang cach tir bé mit dén 16p bién y < 0,308 m, chon kich thudc ludi 6 =0,272m va

chi thém 16p bién quanh tau ngdm vdi kich thudc 0,025 m.

0.000 15.000 30]000 (m)
I
7.500 22,500

Hinh 4.4 Luéi tinh toan mién khong gian chét long

SVTH: Nguyén Pirc Trong GVHD: TS. Nguyén Van Minh
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

VAVA

AT S
R
"Nivae,
N )

Hinh 4.5 Luéi trén bé mit tau ngdm va ludi xung quanh tau
% Tiéu chuin danh gia chit lwong hréi:
Tiéu chudn Skewness:

Béng 4.5 Tiéu chuan danh gia chat luong ludi Skewness

Skewness

Xuét sic Rat tot Tt Tam Té¢ Khoéng dat
0-0,25 0,25-0,5 0,5-0.,8 0,8-0,94 | 0,95-0,97 0,98 -1

Max Skewness = max| L~ Pe . Lo ~ Prin (4.3)

180-¢," o,
Trong do:

... 1a goc 16n nhét ctia phan tir
— @, 1a goc nho nhit ciia phan tir
— @, =60 v&i phan tir tam giac

% Kiém tra chat luong lu6i trong phan mém

— Max skewness: 0,894
— Min skewness: 0,001
— Céc ludi nam trong khoang 0,001 dén 0,596

SVTH: Nguyén Ditc Trong GVHD: TS. Nguyén Vin Minh
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

Hinh 4.6 Chét luong luéi trong phin mém

4.1.4 Thiét lap tinh todn

% Bude 1: Thiét 1ap mé hinh toan hoc

Mo hinh hinh hoc tau ngdm 3D Darpa Suboff dugc xdy dung bang phan mém
AutoCad & Chuong 3 dugc xuét sang file *.iges @& mo phong. Cac budc tuan tu dé

dua hinh hoc 3D vao phan mém:

— Khoi dong phan mém Ansys Workbench va chon module Fluid Flow (Fluent):
day 1a module chuyén dung ctia Ansys dung dé tinh toan cac gia tri thay dong
luc hoc cuia tau hay phuong tién trong méi truong chat 1ong ciing nhur trong méi

truong thé khi.

SVTH: Nguyén Ditc Trong GVHD: TS. Nguyén Van Minh
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

File  View Tools Units Extensions Jobs Help

N 3@’ *EH F’rojeu;‘t.

- @limport... | «Reconnect [£] Refresh Project 7 Update Project | i ACT Start Page
Toolbox

Anai‘ysis Systems |

Design Assessment

Eigenvalue Buckling

Electric

Explicit Dynamics

Fluid Flow - Blow Molding {Polyflo
Fluid Flow - BExtrusion {Polyflow)
Fluid Flow (CFX)

Fluid Flow (Fluent) @ solution

Fluid Flow (Polyflow)

Harmonic Acoustics @ Resuits

Harmoenic Response Fluid Flow (Fluent)
Hydrodynamic Diffraction
Hydrodynamic Response
IC Engine (Fluent)

IC Engine (Forte)
Magnetostatic

% Fluid Flow (Fluent)

e Geometry

(61

—=

IBEERERERE

. Mesh
ﬁ Setup

%

h b

L= Y, BN - OV TR % I
ol | ol | ol | ogl | eg)

-

KB

=

|
A

Hinh 4.7 Khdi dong phan mém va chon module Fluid Flow
Trong phan Geometry chon Design Modeller

| File Create Concept Tools Units View Help

QB [G]| Dide G |[sdee [ b | B W@ @ | 0

= o
..,.H\a"a‘

(B M- g S S e A AT

J XYPlane v > | None - & H } Generate @9 “hizie Topology  [E5]Parameters “ )
[ B hin/Surface Qe Blend v 4 Chamfer W Slice H OPoint B Conversion
Tree Outline 2 Graphics
= /@ A: Fluid Flow (Fluent)
-y ¥ XYPlane
‘g ZXPlane
oy ¥m YZPlane

..., 0Parts, 0 Bodies

Hinh 4.8 Module DesignModeler

SVTH: Nguyén Pirc Trong GVHD: TS. Nguyén Vin Minh
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Phdn tich dic tinh thiy déng luc hoc cua tdu ngam Darpa Suboff bang phwong phdp CFD

— Import file *.iges md hinh 3D tiu ngdm vao phan mém

5~ oo e

e L

Hinh 4.9 Import tau ngdm Darpa Suboff vao DesignModeler
Thiét 1ap mién tinh toan nhu muc 4.1.2 bang Enclosure — mién chét 16ng s& c¢6
dang 1ap phuong vdi cac kich thude mién chat 1ong duoc lya chon dya vao ITTC
da duoc thiét 1ap & trén voi cac hudng so véi tau:
+ Phia trudc mii
+ Phia sau dudi

+ Cac mat bién xung quanh

Hinh 4.10 Thiét 14p mién tinh toan

SVTH: Ngu‘yéNn Duec Trong GVHD: TS. Nguyén Vin Minh
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Phdn tich dic tinh thiy déng luc hoc cua tdu ngam Darpa Suboff bang phwong phdp CFD

— Dung lénh Subtract dé giit lai mién khong gian sir dung

Boolean Boolean2
Operation Subtract
Target Bodies 1 Body
Tool Bodies 1 Body
Preserve Tool Bodies? No

0.000 10.000 20.000 (m)
I ..

5.000 15.000
Hinh 4.11 Hoan thanh phén thiét 1ap mé hinh hinh hoc
« Buwéc 2: Chia ludi

Sau bude kiém tra tinh chinh x4c cua ludi, lua chon loai ludi st dung ta tién hanh
thiét 14p ludi cho cac trudng hop Gmg véi cac van tde con lai trong phan mesh cua Fluid

Flow nhu sau:

— Thiét 1ap lu6i Triangle cho mién cht 1ong bén ngoai kich thudt phan tir 14 0,5m

SVTH: Ngu‘yéNn Duec Trong GVHD: TS. Nguyén Vin Minh
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

0.000 15.000 30.000 (m)
[ — S—]
7.500 22.500
Hinh 4.12 Thiét 1ap lu6i mién chat 1ong
— Thiét lap ludi Triangle cho bé mit tau ngam véi kich thude 16p 14 0,272 m, 5 16p

va kich thudc luéi trén bé mat tau ngam 1a 0,025 m:

Hinh 4.13 Thiét 14p lu6i xung quanh tau ngdm

— Dit tén cho cac mat phang dé sir dung cho cac thiét lap tinh toan vé sau véi:
+ Inlet 1a mat phang thiét 14p van téc dau vao

+ Outlet 1a mat phang thiét 1ap thong s dau ra

+ Side 1a cac mit phang xung quanh

+ Submarine 14 bién dang tau ngdm

SVTH: Nguyén Pirc Trong GVHD: TS. Nguyén Van Minh
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

Hinh 4.14 DPat tén cac bién

< Budre 3: Thiét 1ap thong sb

Sau khi hoan thanh budc 1 va 2 thi tiép theo can thuc hién 14 thiét 1ap cac diéu kién

bién va thong s6 dau vao, lyra chon phurong phép dé tién hanh mo phong theo tuan tu:

— Lua chon Module Setup

E scale... Combine Delete.., Agpend  _ Mesh
Seporste _  Deactivats., Replace Mesh,, Crvarnt

Make Folyhedra Ady Actvate eplace Zone....

Thsk Page

& manerials
@ Cefl Zone Condrtions
12 Boundacy Concdtions
& Dymamic Mesh
& Raterence valoss
v & Sokticn
 Methods
« Controls
+ ) Report Defintions
v B Menitees
B cell Ragaters
R Intialaation
v A Caloddation activites
¥ Fum Caiadation
- @ Resuls
v D Graphics
v A plots
» [D anmations
) & Reports
v & pacametees & Tustomization

(o[ _owa |[oramn]

Solver
Type Velooty Formuladon
@ Pressure-Based @) Absolste
Denaty-Based Relative

® Tronsient

Gravty |Umits.,
N )

[nee

Hinh 4.15 Giao dién module Setup, Solution va Results
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

— Luya chon mé hinh dong chay r6i SST k — @

Model

() Inwiscid
Laminar
) Spalart-Allmaras (1 eqn)
k-epsilon (2 eqgn)
k-omega (2 eqn)
Transition k-kl-omega (3 eqn)
() Transition S5T (4 eqn)
() Reynolds Stress (7 egn)
") Scale-Adaptive Simulation (SAS)
Detached Eddy Simulation (DES)
() Large Eddy Simulation (LES)

k-omega Model

) Standard
BSL
(@ ssT

k-omega Options

Low-Re Corrections

Options
Curvature Correction
Production Kato-Launder
+ Production Limiter
Intermittency Transition Model

Maodel Constants
Alpha®_inf -~
1

Alpha_inf

0.52

Beta®_inf

0.09

al

0.31

Beta_i (Inner)

0.075

Beta_i (Outer)
0.0828

TKE (Inner) Prandtl #
1.176

TKE (Outer) Prandtl #
1

User-Defined Functions
Turbulent Viscosity

none j

Scale-Resolving Simulation Options

Stress Blending (SBES) / Shielded DES

s
Hinh 4.16 Thiét 1ap mé hinh dong ri SSTk - @

— Thiét 1ap chat 1ong mé phong 1a nudc

Order Materials by

Rame Matersal Type o Nome
yatenhiquid floid L Chemical Formuta
Chemical Formula Fuent Fuid Materials
h2o<!> waterliqud (h2o<i>) _:] Fluont Database...
_l User-Defined Database...
Propertes
Densfty (kg/m3)| conmant _il
098.2
Viscosty (kg/m-s) constont z
0.001003

O\angeICreatel @
Hinh 4.17 Thiét lap chét 1ong mo phong

SVTH: Ngt{ye:n Duec Trong
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

— Thiét 1ap van tdc vao muc Velocity Magnitude véi hudng dong chay téi song

song tam doi xuing tau ngam. Tai day céc truong hop khac nhau s€ dién cac van

r
A ,
toc khac nhau.
Zone Name
ikt
Momentum
Velodty Specfication Methodtluegr»:ude. Normal to Boundary _:]
Reference Frame Absolute l.l
Velocity Magnitude (m/s) 2.0507 | canstant ~
Supersonic/Initial Gauge Pressure (pascal) 0 canstand ~]
Turbulence
Specification Method| Intensty and Viscosay Ratio ~|
Turbulent Intensity (%) 5 [
Turbulent Viscostty Rato 10 [ﬂ

B = (=]
Hinh 4.18 Thiét 1ap vén toc
— Tai muc Reference Values dit bai toan véi dau vao 1a ¢ Inlet va tinh toan véi chét
long 1a nude da thiét 1ap.

Reference Values

Compute from

inlet :I

Reference Values

Area (m2) 6.339
Density (kg/m3) |998.2
Enthalpy (j/kg) 0
Length (m} |1
Pressure (pascal) |0
Temperature (k) |288.16
Velocity (m/s) |3.0507
Viscosity (kg/m-s) 0.001003

Ratio of Specific Heats |1.4

Reference Zone

|su:u|id ;I

Hinh 4.19 Cai dit gi4 tri

— Tai muc Run Calculation tién hanh chay mé phong.

SVTH: Nguyén Pirc Trong GVHD: TS. Nguyén Vin Minh
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

4.1.5. Két qud va ban luidn
¢ Sirc can
Sau khi chay mo6 phdong va tién hanh kiém tra do hoi tu thu duoc két qua suc can
tai cac van toc dat ra va so sanh véi cac két qua thyc nghi¢m o tai liéu [2]:

Bang 4.6 Két qua mo phong va so sanh véi thuc nghiém

, Strc can (N) ,
Van toc Sai s0
STT Thuc Mo phong
(m/s) _ (%0)
nghiém CFD
1 3,0507 102,3 106,4 4,01
2 5,1444 283.,8 279,5 1,52
3 6,0962 389,2 383,2 1,54
4 7,1611 526,6 518,7 1,50
5 8,2311 675,6 671,8 0,56
6 9,1520 821,1 821,6 0,06
A
900
800
Z 700
5
o 600
3
»v2 500
400
300
200
ol [
0
3,05 5,1 6,10 7,16 8.2
Vian tdc m/s)

B Thyc nghiém ™Mo phong CFD

Hinh 4.20 So sanh két qua mé phong CFD véi thyc nghiém
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Phdn tich ddc tinh thiy dong luc hoc ciia tau ngdm Darpa Suboff bang phirong phdp CED

% Tinh chuyén sitc can tau mé hinh sang tau that
Mo hinh tau ngim va tau ngam thyc té dong dang s froude, truong hop tau ¢ sdu
trong nudce bién gia dinh st can tau ngam chi bao gém strc can ma sat va st can du 1a
dang ké nhat, sirc can tau that s& duoc tinh toan dua trén tau mau:
— Hé s6 strc can du tau mau bang sirc can du tau mé hinh: C, =C,
— Surc can ma sat tinh theo ITTC 2008
+ S6 Reynold

L
Re="Z (4.4)
y7
+ Hé sb strc can ma sat
0,075
= (4.5)
" (log,,Re—2)
+ Strc can du
R,=0,5.C,.pV> WS (4.6)
+ Strc can ma sat
R, =0,5.C,.pV* WS (4.7)

Quy trinh tinh chuyén sirc can tau mé hinh sang tau ngam thyc té khi da biét st
can cua tau mo hinh:
— Budc 1: Tinh s6 Reynold cta tu mé hinh (4.4)
— Budc 2: Tinh hé s6 sirc can ma st ciia tau mo hinh (4.5)
— Budc 3: Tinh strc cdn ma sat cua tau mo hinh (4.6)
— Budc 4: Tinh strc can du tau mo hinh bang cong thirc
R, =R, +R, (4.8)

— Budc 5: Tinh hé s6 strc can du tau md hinh
— Budc 6: Tinh sirc can du tau ngam thyc té
— Budc 7: Tinh sirc can ma sat tau ngam thuyc té

— Budc 8: Tinh sirc can toan bo tau ngam thuc té (4.8)
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

Bang 4.7 Tinh chuyén strc can tau ngdm mo hinh sang mé hinh tau that

Van toc Van tdc Strc can Strc can
tau ngdm Vs | mo hinh Vin | mé hinh Run tau that Ry
(m/s) (m/s) N) (N)
14,95 3,05 106,4 200699
25,2 5,14 279,5 545302
29,87 6,10 383,2 755397
35,08 7,11 518,7 1030220
40,32 8,23 671,8 1344967
44,84 9,15 821,6 1651154

+¢ Phan bo ap suat

Hinh 4.21 Phan b ap suét tai V=3,0507 (m/s)

Hinh 4.22 Phan b ap suét tai V=5,1444 (m/s)
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

Hinh 4.23 Phan b ap suét tai V=6,0962 (m/s)

Hinh 4.24 Phén b ap suit tai V=7,1611 (m/s)

Hinh 4.25 Phan b ap suét tai V=8,2311 (m/s)
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

Hinh 4.26 Phan b ap suét tai V=9,1520 (m/s)

Hinh 4.27 Phan b 4p suit miii va dudi V=3,05 m/s
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

Tir két qua phan bd ap suét cua tau ngdm duogc thé hién & trén, ap suat duoc biéu
dié & cac mat cit doc va bé mit tau theo hudng doc cua than tau. O hinh phan bd ap suét
miii va duoi tau, ap suat dat gia tri cuc dai tai mii tau va phén phia trudc cua dai quan
sat khi tau di chuyén v6i hai van tde khac nhau rd nhét 1a tir van téc 7,16 m/s dén 9,15
m/s . Nguyén nhan giy ra ap suat 16n nhat ¢ mili tau va phia trudc dai quan sat 13 do ¢o
su va cham giita tau ngdm va nudc khi di chuyén. Khi tau ngam tién vao nudc, miii tau
va phia trudc dai quan sat bi tic dong bai khdi lwong nude kém theo phuwong doc tau
phia trude hudng tién ciia tdu ngdm, tao ra mot ving ap sudt cao. Trong khi do, ap luc
tac dong trén phan than gitra chu yéu 1a do tmg suét tiép tuyén giy ra. Trén phan dudi,
ap suat giam xudng cho dén khi gip cac vay dudi. Tai cac vi tri & phan dudi tau ngam,
ap suat tang 1én do ap luc ciia dong chay tac dong 1én phan phia sau dudi tau. Thong qua
su phan bd ap suat nhan thay tau ngam khi di chuyén trong nudc bién thi cac vi tri tiép
giap nudc nhu mii tau, phia trude dai quan sat, vi tri chuyén tiép tir phan than giita sang
phan than sau va cac vy dudi c6 4p suét toan phan 16n hon do sy anh hudng cua yéu td
thily tinh va stic can tir cac vi tri nay. Hinh dang than tau duoc thiét ké dang tru gitip

giam mat tiép nudc va ap suat tac dong 1€n than tau ¢ mirc to1 thiéu.

Hinh 4.28 Vi tri tiép giap than giita V=9,15 m/s
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

+ Phan bo van toc

Hinh 4.29 Phéan b van téc trén cac 16p bién xung quanh tau tai V=3,0507 (m/s)

Hinh 4.30 Phan b van tdc trén cac 16p bién xung quanh tau tai V=5,1444 (m/s)

Hinh 4.31 Phan b vén tdc trén cac 16p bién xung quanh tau tai V=6,0962 (m/s)
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

P A A e ,
|

A — 2

m’?'oQ - e - ’@V" 'ﬁ-1l
Hinh 4.32 Phan b vén tdc trén cac 16p bién xung quanh tau tai V=7,1611 (m/s)

Hinh 4.34 Phan b van tdc trén cac 16p bién xung quanh tau tai V=9,1520 (m/s)
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Phdn tich dic tinh thiy déng luc hoc cua tdu ngam Darpa Suboff bang phwong phdp CFD

Hinh 4.36 Mt cit A-A

Hinh 4.37 Mt cat B-B
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Phdn tich ddc tinh thiy dong luc hoc ciia tau ngdm Darpa Suboff bang phirong phdp CED

Veloc
Vantocdaiquansat

H 3.840e+00

F 2.880e+00
. — e

| |
1.920e+00 | l

= l"l | ]

9.600e-01

I— — - — — I
0.000e+00 .'

[m s*1]

Hinh 4.38 Mit cat C-C

Tir két qua phan bd vén tdc trén mit phang giira tau va cac mit cit ngang cia tau
tai cac vi tri dai quan sat, phan than giita va ving vay dudi duoc trinh bay & trén va thé
hién thanh 3 mit cit ngang A-A, B-B, va C-C. Phin b6 vén toc trén mit cat ngang A-A
cho thay su thay d6i van toc déu theo cac 16p chat 1ong, dic biét 1a tai dai quan sat, 2
bén dai trén mat cat co van téc 1on nhat. Tai mit cit B-B, phan b6 van tdc déu hon chi
co phén sau dai quan sat c6 su giam nhe van tdc do bi chan. Cudi cung, tai mat cat C-C,
4 vay c6 dang profil thoat nudc tét, tuy nhién, gan phan dudi ¢ tai 1 dong chay gan nhu
hinh vuéng c6 van tde thép, tao diéu kién thuan loi cho chan vit xoay dé tao luc déy cho
tau va taing d6 hiéu qua cho hé thong 1ai khi hoat dong trong truong hop tau tién 1én.
4.2 Tinh to4n sirc can ciia thu ngdm & cac dd sdu khac nhau
4.2.1 Piéu kién mé phong — cdc théng sé dau vao

Diéu kién mo phong CFD trong dé tai ndy s& duoc mo phong tuwong tu cac diéu
kién nhu thuc nghiém [1] nén cac thong sé dau vao dé thiét 1ap mo phong sé duoc dua
trén tai liéu [2]. Cac thong s6 cu thé nhu diéu kién kich thudc bé thir, khéi lwong riéng
cua nudc, dd nhét dong hoc, Ao nham bé mit s& duoc thiét 1ap tuong tu bé thu cling nhu
viéc chon d6 sadu cho mo hinh tau ngam. M6 hinh dong chay dugc s dung trong md
phong bao quanh tiu ngam 1a mo hinh chét 1ong thuc RANS véi dong chay déu va mo
hinh dong réi SST k - @ 1a phuong phép rat t6t cho cac dong chay dic biét 1a sirc can
tac dung 1én bién dang tau ngdm [4]. D6 sdu cua tau ngdm s& dya vao ty 16 H/D véi H

1a chiéu chim ctia banh 14i, D 1a duong kinh phan than tau ngam.
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Phdn tich ddc tinh thiy dong luc hoc ciia tau ngdm Darpa Suboff bang phirong phdp CED

Bang 4.8 Thong sb dau vao

Céc thong sb dau vao Kihiéu | Giatri | Ponvi
X CA ) , kg
Khoi lugng riéng ctia nude Proc 998.2 —
m
. P kg
Khoi1 luwgng riéng cua khong khi Pk 1,225 —
m
m2
Do nhot dong hoc Y puoc 1,003.10°° -
m2
D06 nh6t dong hoc Vi 1,789.10°® —
S

Bang 4.9 Cac truong hop thir nghiém

Truong hop | D6 sau (m) | Van toc (m/s)
1 0,81 0,86
2 0,81 2,03
3 0,81 3,01
4 1,37 0,86
5 1,37 2,03
6 1,37 3,01

4.2.2 Khéng gian mién tinh todn

Phan mién khong gian tinh toan phan nay c6 su khac biét so voi Phan 4.1 do diéu

kién tinh toan 1a nudc nong nén can thiét 1ap 2 mién — 1 1a khong khi bén trén 2 13 nudce

bén dudi. Theo ITTC (2008) [5] ta Iwa chon mién tinh toan sao cho cac kich thudc dam

bao phai 16n hon hoac béng dé mién tinh toan dat do chinh xac cho viéc tinh toan bai

toan dén dic tinh thuy dong luc hoc tac dong Ién tau ngﬁm. Déi vé6i bai toan tinh stc

can tau ngam ta chon mién khong gian c6 dang hinh hop chir nhat bao quanh tau ngam

v6i cac kich thudce tdi thiéu nhu nhu sau (Chiéu dai tau L =4,356m va duong kinh than

tau ngam 1a D =0,254m):
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

Bang 4.10 Kich thudc mién chit 16ng

Vi tri cach tau Khoang cach
Phia trudc mili tau ngdm 1,5.Loa
Phia sau dudi tdu ngdm 3.Loa
2 bén man tau ngam 9.D
Phia trén tau ngdm Loa
Phia dudi tau ngdm 2,5.Loa
—
Waterline
1,5L J B S 3L
|
—
0
(o]
y
X

Hinh 4.39 Kich thuéc mién khong gian hinh chiéu ding
I

aD

1,5L r 3L

aD

—_— =X

1

Hinh 4.40 Kich thuéc mién khong gian hinh chiéu bang

SVTH: Nguyén Pirc Trong GVHD: TS. Nguyén Van Minh
Tran Ba Sy



Phdn tich ddc tinh thiy dong luc hoc ciia tau ngdm Darpa Suboff bang phirong phdp CED

4.2.3 Phuwong phap VOF ( Volume of Fluids)

Phuong phap VOF (Volume of Fluid) trong CED 14 mét phuong phap sd hoc duoc
st dung dé mo phong ludng chit 1ong da pha, trong d6 cc pha dugc x4c dinh bang cach
theo ddi ty 18 thé tich cua ching trong mdi 6 1uéi.

Pic diém cua phuong phap VOF bao gdom:

— Kha ning mod phong cac hién tugng da pha nhu tach 16p, tron 1an va giao thoa
giita cac chat long.

— Khaning xac dinh giao dién giita cac pha va tinh toan cac thong sb lién quan nhu
dién tich giao dién, van tdc va ap Sut.

Ung dung cta phuong phap VOF trong dé tai ndy d6 1a mo phong hién twong da
pha trong mé phong strc can tau ngam. Trudng hop mé phong nay 1a tiu ngam di chuyén
& d6 sau gan mit thoang nén c6 anh hudng ctia mit thoang. Mién chét 16ng s& duoc chia
thanh 2 pha: 1 1a nudce va 1 1a khong khi vai 16p khong khi bén trén va 4p dét trong luc
va diéu kién dé cho 2 chat long khong bi hoa tron vao nhau & diéu kién bién ban dau
bang khong.

4.2.4 Lwoi tinh toan

Str dung dang ludi tam giac (Triangle Mesh) 1a mdt loai ludi1 dugce sir dung trong
m6 hinh hoéa va tinh toan cac van dé lién quan dén dong chay, nhiét do va co hoc trong
phan mém Ansys Fluent.

Lu6i dugc chia min phan xung quanh than tau va ving mit thodng ctia nudc dé
dam bao bat duge két qua chinh xac vé sirc can ciing nhu 1a song tao ra do tau ngam

chay gan mit nudc gay ra.

< Pic diém cia ludi:
boi vai 16p bién mién tinh toan xac dinh c6 dang thu nho dan vé bién dang tau
ngam, theo cong thic kinh nghiém CGI kich thuéc phan tir § <3,12m, chon & =1,3m.
Khoang céch tir bé mat dén 16p bién y < 0,308 m, chon kich thudc ludi & =0,272m va

chia thém 16p bién quanh tiu ngam véi kich thudc 0,025 m.
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD
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Hinh 4.42 Lu6i trén bé mit tau ngam va ludi xung quanh tau
% Tiéu chuin danh gia chit lwong hréi:
Kiém tra chat luong lu6i trong phan mém
— Max skewness: 0,894
— Min skewness: 0,0011,4.10°¢
— Céc ludi nam trong khoang 0,001 dén 0,596
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

Hinh 4.43 Chat lugng ludi trong phan mém

4.2.5 Thiét lap tinh todn

% Bude 1: Thiét 1ap mé hinh toan hoc

Mo hinh hinh hoc tau ngdm 3D Darpa Suboff duoc xay dung bang phan mém
AutoCad & Chuong 3 dugc xuét sang file *.iges dé mo phong. Cac budc tuan ty dé dua

hinh hoc 3D vao phin mém:

— Khéi dong phan mém Ansys Workbench va chon module Fluid Flow (Fluent)

— Trong phan Geometry chon Design Modeller

— Import file *.iges md hinh 3D tau ngdm vao phan mém

— Thiét 1ap mién tinh toan nhu bén dudi, tai dy sir dung dang ddi xing Symmetry
nén vung tinh todn s€ gidam 1 ntra nhu Hinh 4.42

— Dung lénh Subtract dé giit lai mién khong gian sir dung
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

— Sau d6 bidm Generate dé hoan thanh viéc loai bo khdi bén trong tau ngim tao
diéu kién thuan loi dé chia 16p bién xung quanh tau khi thiét 1ap phuong phap
tinh todn mo6 phong.

Hinh 4.44 Xay dung mién tinh toan

s Bwoce 2: Chia ludi

2500 7500

Hinh 4.45 Chia luéi cho mo6 phéng
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

bac tén cho cac mat phéng: viéc dat tén cho cac mién chit long dé than tién cho

viéc quan Iy va thiét 1ap cac diéu kién bién, cac diéu kién thir nghiém khi tién hanh trong
phan thiét 1ap phuong phap giai bai toan CFD. D4i v6i bai toan tinh st can tau thi dua
trén kinh nghiém s€ chon 1 mat phéng lam dau vao, 1 mat phéng ddi dién 1am dau ra,
cac bién khong dung 13y két qua s& khong duoc dit tén, mit phang bién dang tau ngam
s& duoc dat tén thun tién cho viéc xuat két qua tir bién dang tau ngém va dac biét do
bai toan can khi luong tinh toan 16n d6 1a dong 2 pha nén dé giam khdi luong tinh toan
sir dung phuong phap Symmetry dé sir dung:

— Inlet 12 mit phang thiét 1ap van toc dau vao

— Outlet 1a mat phing thiét 1ap thong s6 dau ra

—  Wall 1a cic mit phang xung quanh

— Marine 12 bién dang tau ngdm

— Symmetric 1a mat phang ddi xtng

Marine

0.000 J .08
I -
2500 7.500

Hinh 4.46 Dit tén cho cic mit phang
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

% Budre 3: Thiét 1ap thong sb

Sau khi hoan thanh budc 1 va 2 thi tiép theo can thyc hién 1a thiét 1ap cac diéu kién

bién va thong sé dau vao, lya chon phuong phap dé tién hanh mé phong theo tuan ty:

— Luya chon Module Setup, thiét 1ap phan General gia toc trong trudng

V| Gravity Units...

Gravitational Acceleration
X (mfs2) 0

Y (m/s2) -9.81

= = [=]

Z(m/s2) |0

Help

Hinh 4.47 Thiét 1ap gia tdc trong truong
— Luya chon mo6 hinh dong chay r6i SSTk— @
— Thiét 1ap thém chét 16ng mé phong 1 nudc

Order Materials by
e Matertal Type o Home
water-liquid flud _'_I

Chemcal Formuta

Chemical Farmula

Fuent Fhuid Materials
h2o<|>

— _l User-Defined Dolabase.:
Propertes =
Denshty (kg/m3)| consant -J

998.2
Viscosty {l@‘m-s)igrﬂ'ﬁ;am _"

0001003

IO\ange:Creete\ !Deletel Help
Hinh 4.48 Thiét 1ap chat lo6ng mo6 phong
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

— Thiét 1ap phuong phap VOF chia 2 mién pha chit long

Model Mumber of Eulerian Phases
) off |2 |‘v‘|
l Volume of Fluid
() Mixture

) Eulerian

() Wet Steam
Coupled Level Set + VOF VOF Sub-Models
Level Set +| Open Channel Flow
Open Channel Wave BC
Volume Fraction Parameters Options
Formulation Interface Modeling
() Explicit Type
(®) Implicit (®) Sharp
) Sharp/Dispersed
() Dispersed
WVolume Fraction Cutoff P
|1e-[]ﬁ | Interfacial Anti-Diffusion

Default

Body Force Formulation

+| Implicit Body Force

Hinh 4.49 Thiét lap VOF

MName

||:ihEISE'-1 |

Phase Material|air :I
| Delete | | Cancel | |Help|

Mame

|phase—2

Fhase Material|water—|iquid ;I
| Delete | | Cancel | | Help |

Hinh 4.50 Chon chat luu cho 2 pha
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

— Thiét 1ap van tdc vao muc Velocity Magnitude véi hudng dong chay téi song
song tam ddi xtng tau ngam. Tai ddy cac trudng hop khac nhau s& dién cac van

toc khac nhau va do sau khac nhau.

Zone Name Phase
inlet |mixture |
Momentum Thermal Radiation Species DPM Multiphase Potential ubDs
+/ Open Channel Inlet Group ID | 1 =

Secondary Phase for Inlet| phase-2

Flow Specification Method| Free Surface Level and Velocity

Free Surface Level (m) 1.37 |constant
Velocity Magnitude (m/s) 0.86 | constant
Bottom Level (m) |—12] |constant

Ll lefleflefl«

Density Interpolation Method| From Free Surface Level

Hinh 4.51 Thiét 1ap van toc va do sau dau vao

Zone Name Phase
outlet |mi)¢ure |
Mormentum Thermal Radiation Species DPM Multiphase Potential uDs
| Open Channel Outlet Group ID | 1

Pressure Specification Method| Free Surface Level

Free Surface Level (m) | 1.37 |constar1t

Bottom Level (m) |—12] | constant

Ll Ll

Density Interpolation Method| From Free Surface Level

Hinh 4.52 Thiét 1ap do sdu dau ra
— Tai muc Cell register thiét lap region méi la mién nude dé thue hién tinh toan tai
day van tdc va ap suat duoc dat 1én va tinh toan céc gia tri chinh x4c cua van tde

dau vao ciing nhu cac gid tri trong viing region ndy, ban chét thiét lap 1a dung cho
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

muc dich cung voi mién chat 16ng di vao va ra tao thanh 1 thé thong nhit 2 mién

chat long 2 pha.
Region Register
Name region-0
Options Input Coordinates
®) Inside ¥ Min (m) ¥ Max (m)
Outside -5 24
Shapes ¥ Min (m) ¥ Max (m)
-12 1.37
® Hex
Sphere Z Min (m) Z Max (m)
Cylinder “4.572 0
]

Select Points with Mouse

Save/Display | | Save

Display Options... | | Close | | Help

Hinh 4.53 Thiét 1ap mién chat luu nuéc tinh toan

— Tai muc Reference Values dat bai toan voi dau vao 1a & Inlet va tinh toan véi chat

long 1a nudc da thiét 1ap.

Reference Values

Compute from

| inlet

Reference Values

Area

(m2) 6.339

Density (ka/m3) 998.2

Enthalpy (j/kg) 0
Length (m) |1

Pressure (pascal) |0

Temperature (k) 288.16

Velocity (m/s) |0.86

Viscosity (kg/m-s) |0.001003

Ratio of Specific Heats | 1.4

Reference Zone

|so|id

Hinh 4.

54 Cai dat gia tri

— Tai muc Run Calculation tién hanh chay mo phong.
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

4.2.6 Két qua va ban ludn

s Sirc can

Bang 4.11 So sanh két qua strc can dya trén thuc nghiém va mé phong

Posau | Van tde Thuc nghiém | M6 phéong CFD | Sai léch
Trudng hop
(m) (m/s) (N) (N) (%)
1 0,86 11,07 11,36 2,57
2 0,813 2,03 77,97 80,63 3,30
3 3,01 213,26 222,52 4,16
4 0,86 10,44 10,05 3,84
5 1,37 2,03 48,11 48,95 1,72
6 3,01 117,81 120,06 1,87
A
250
225
200
175
Z 150
=
b
o 125
Nt
n
100
75
50
25
o | - m
1 2 3 4 5 6
Truong hop

B Thyc nghiém ® M6 phéng

Hinh 4.55 So sanh két qua mé phong CFD véi thyc nghiém
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

250

200

—
W
S

Strc can (N)

100

50

L A

0,813 1,37
b0 sau (m)

0,86 (m/s) =A=2,03 (m/s) —A=3,01 (m/s)

Hinh 4.56 Biéu db so sanh su thay dbi strc can khi thay ddi d6 sau

Két qua cho thay, khi tau & gan mat thoang thi stic can trén tau c6 xu hudng tiang

khi cang gan médt thoang ¢ cung 1 van toc. Sy gia tang strc can ciia mod hinh tau ngadm

Darpa Suboff khi giam tiép cin gan bé mit tu do nguyén nhén la:

— Su gia tang van tbc dong chay giita bé mit ty do va ving dudi tau, khi tau cang

gan mit thoang, nhan thy co su co thiat dong dong chay phia dudi tau, sinh ra

hiéu tng Venturi 1am ting van toc dong chay gilta mat thoang va dudi tau gay

nén song

—Khoéang cach nay cang nho va van tdc tau cang nhanh sinh ra stc can tao song

16n anh hudng dén stic can toan bd tau.

— Khi tdng chiéu chim cta tau ngam thi song sinh ra c6 xu hudng gidm ro rét chung

minh & Vm=3,05 m/s ¢ truong hop & Muc 4.1 véi stic can Rt= 106,40 N so voi

Vm=3,01 m/s & truong hop 6 6 Muc 4.2 1a 102,06 N.

SVTH: Nguyén Pirc Trong GVHD: TS. Nguyén Van Minh
Tran Ba Sy



Phdn tich ddc tinh thiy dong luc hoc ciia tau ngdm Darpa Suboff bang phirong phdp CED

Ngoai ra, song trén bé mit nudc bién gay ra nhu Bang 4.10 dudi ddy, tau ngam khi
& cung 1 do sau thay ddi van toc sirc can tang 1én nhanh dang ké khi so sanh trudng hop
1-2-3 va 4-5-6; khi & cung 1 van tc va giam do siu strc can tdu ngdm ting 1én nhanh
choéng dién hinh 13 trudng hop 1-4, 2-5, 3-6. Khi giam d6 sdu tau ngdm, song sinh ra
trén bé mat c6 budc song ting dan khi ting van tdc, va chidu cao song ciing ting, su gia
ting strc can khi tau cang gn mit thoang 13 do su gia ting van tdc cuc bd giita mit
thoang va ving dudi tau. Khi tau ting chiéu chim, strc can cua tau giam dan va anh
huong ctia mit thoang cling giam, dién hinh 14 séng trén mit thoang co chiéu cao giam

dan.

Bang 4.12 Chiéu cao song trén bé mit va budc song trén mit thodng

Truomg hop Budce song Chiéu cao s6ng 16n nhat

(m) (m)
1 2,8 0,55
2 5.9 0,79
3 7,8 2,02
4 2,9 0,39
S 5.6 0,61
6 8,2 1,50

Qua cac dd thi song cho thay, song sinh ra do tau chay gan mit thoang kha déng
ké nhu & céc hinh, song co chiéu cao song tur 0,39 m dén 2,02 m so véi chiéu dai tau 1a
4,56 m. O cing 1 do sau tang van tdc thi budc song ting, chiéu cao séng ting do anh
huong cua hinh dang tau ngdm hudng dong chay xudi theo bién dang trong d6 ddi véi
mién chét 16ng phia trén tau ngam la gan mat thoang két hop voi dai quan sat va vay
dudi tao 1én ap luc 16n sinh ra séng. Song sinh ra l1a dang hinh sin, chiéu cao séng giam
nén dudng biéu dién séng gan nhu theo dang dao dong tat dan, cang xa tau nén cang xa
tau song c6 xu hudng yéu dan. Véi tinh chit nay thong thuong khi ndi 1én mit nudce
hodc can di chuyén gan mit nuéc thi tiu ngam hay c6 xu hudng di chuyén cham, ddi
v6i tdu ngdm quan su, sy yén tinh khi tau ngdm hoat dong rat can thiét, song sinh ra c6

thé anh huong dén hoat dong bi mat cua tau.
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

% Phan bo van toc gan mit thoang

Hinh 4.57 Phan b van tdc tai Trudng hop 3

Hinh 4.58 Phéan b van téc tai Trudng hop 6
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

2000 = &000

Hinh 4.59 Song trén mit thoang do tau ngdm gay ra Trudng hop 1

0 4000 3000 (M)

2000 8000

Hinh 4.60 Séng trén mit thoang do tau ngam gay ra Truong hop 2
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

n 4000 A000 (m)

Hinh 4.61 Séng trén mat thoang do tau ngdm gay ra Trudng hop 3

0 4000 2000 (m)

2000 8000

Hinh 4.62 Séng trén mit thoang do tau ngam gay ra Truong hop 4
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

0 & 000 A0 (m)

00 &0

Hinh 4.63 Song trén mit thoang do tau ngdm gay ra Truong hop 5

L) 4000 8000 ()

2000 0 002

Hinh 4.64 Song trén mat thoang do tau ngdm gay ra Trudng hop 6
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

< Soéng trén mit thoang do tau ngam giy ra

Ty & xich: 1[mm]=10[mm)
Chiéu cao séng
(m]
06 -

04 -

02 4

0.55

Ty I& xich: 1[mm]}=100{mm]

-0,24-

04

0.6+

% Chiéu dai
20 (m]

Hinh 4.65 Db thi chiéu cao song bé mat Trudng hop 1

Ty 1€ xich: 1[mm]}=10{mm)]

Chiéu cao song
[m]

08 1
0,6 -

04 -

59

0,77

Ty 16 xich: 1{mm)=100{mm]

15

' Chiéu dai
20 (m]

Hinh 4.66 D6 thi chiéu cao song bé mit Trudng hop 2
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

Ty & xich: 1[mm]=20[mm]
Chiéu cao séng
[m]

24 LR
2 —

1.6 +—

7.8

2,02

Ty 1& xich: 1[mm]=100[mm]

-1,6—4—

24—

| Chiéu dai
2 [m]

Hinh 4.67 D6 thi chiéu cao song bé mit Trudng hop 3

Ty I& xich: 1[mm]=0,1[mm]
Chidu cao séng
[m]
06 -+

04 —+

039

M Ty lé xich: 1[mm]=100{mm)]

04

L1 — Chibudai
\ 20 [m]

Hinh 4.68 D6 thi chiéu cao song bé mat Trudng hop 4
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

Ty l& xich: 1jmm]=10{mm]

Chiéu cao sdng

(m]

08 -1

04 -+

02—+

56

0,61

Ty 18 xich: 1[mm]=100{mm)]

0,24

0,4

|

06—

08—

{ Chidu dai

20 [m]

Hinh 4.69 D6 thi chiéu cao séng bé mit Trudng hop 5

Ty Ié xich: 1fmm}=20[mm)]

Chidu cao séng

{m]

R
16 +
14 +
12 +
08 +

0.4

82

Ty 1& xich: 1[mm]=100{mm]

0

02—+

04-4

0,6+

t Chidu dai
20 (m]

Hinh 4.70 D6 thi chiéu cao song bé mat Trudng hop 6
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Phdn tich ddc tinh thiy dong luc hoc ciia tau ngdm Darpa Suboff bang phirong phdp CED

CHUONG 5. TiNH TOAN THUY PONG LUC HQC TAC DUNG LEN TAU
NGAM KHI PIEU PONG

5.1 Tinh toan thity dong luc hoc tic dung 1én tau ngim & cic goc dat khac nhau
5.1.1 Céc théong sé diu vao

Céc thong sb dau vao duoc 13y dya trén dir liéu ctia cac nha khoa hoc, cac bai bao
da thtr nghi€ém mo hinh trong cac bé thu thyuc té [6] nhu: Cac gbc dat, van tdc mo hinh.
Mo hinh dugc str dung trong md phong 1a mo hinh chat 1ong thuc RANS véi dong chay
déu va mo hinh rdi k-® (SST). M6 hinh nay 1 mé hinh giai hai phuong trinh dya trén
khai niém d6 nhot rdi [7]. Trong d6, mot phuong trinh mé ta dong nang rdi va phuong
trinh con lai thé hién toc do tiéu tan réi.

Bang 5.1 Céac thong sb dau vao

Thong sb Ki hiéu Gia tri Pon vi
Van téc md hinh A 3,3436 m/s
Goéc dat B 0;2;4;6;8;10 bo
Do nh6t dong hoc Y 1,003.10°¢ m?/s
Khéi luong ridng clia nudc ngot P 998,2 kg [m’

5.1.2 Cdc diéu kign tinh todn
5.1.2.1 Mién tinh todn va diéu ki¢n bién
Mién tinh toan 1a mot khéi hinh hop chir nhat c6 cac kich thude nhu sau:
— Khoang cach tir tiu ngdm dén céc vi tri ciia mién tinh toan nhu sau:
— Khoang cach tir mii tau dén inlet: 1,5L
— Khoang cach tir dudi tau dén outlet: 3L
— Khoéng cach tir tau dén phia trén va phia duéi ctia bé thir do: 9D

— Chiéu rong clua bé thtr 40 tinh tir bé mat tau: 2,51
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

9D
—
1,5L — j%;‘ 3L >
9D
A
2,50
= Y 1
15y = L < aL -
A
25L
4

Hinh 5.1 Kich thudc mién tinh toan
<% Diéu kién bién:
— Inlet: Van tdc vao lay bang van tdc ctia tau mé hinh 1a V = 3,3436 m/s
— Outlet: Ap suat dau ra (P =0 Pa)
— Hull: Than tau ngam (no slip - wall)

— Heé sb nhét dong hoc cua nude ngot & 20°C: 4= 0,001003 m?/s
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Phdn tich ddc tinh thiy dong luc hoc ciia tau ngdm Darpa Suboff bang phirong phdp CED

. syml
~ hull
: \ sym2 |
inlet — outlet
sym2
\ ‘
L |
| syml

Hinh 5.2 Piéu kién bién mién tinh toan
5.1.2.2 Luwdi va tiéu chudn danh gid chit lwong lwdi
Lud6i 1a mot phan rat quan trong cta qua trinh mé phong, né anh huéng dén su hoi

tu, do chinh xac cua két qua va tdc do tinh toan. Viéc st dung ludi trong mo phong la
dé chia nhé cac mién tinh toan.
% Ciac dang luéi gom:

— Ludi 2D: Triangle (tam gidc), Quadrilateral (t&r giac), Polygonal (da giac)

— Luéi 3D: Tetrahedral (T dién), Hexa (hinh hop 6 mit), nhiéu mit (Poly)
% Tiéu chuin danh gia chit lwong luéi:

Bang 5.2 Tiéu chuan danh gia chét luong ludi Orthogonal

Orthogonal

Excellent | Very good Good Acceptable Bad Unacceptable
0,95 -1 0,7-095 | 0,2-0,69 | 0,15-0,2 | 0,001 —0,14 0-0,001

Tiéu chuan Orthogonal 1a dé dénh gia chat lwong truc giao xung quanh bé mit tau
ngam, né gitp xir 1y tot cac 16p bién gan tudng va giam bét khdi lugng tinh toan (nén
dé gia tri Min ctia n6 nho hon 0,1 dé dam bao chét lugng ludi).

5.1.3 Quy trinh tinh todn mé phéng bang phian mém Ansys — modun Fluid Flow
(Fluent)
5.1.3.1 Thiét lap mé hinh tinh todn

Mo hinh 3D tau ngdm duoc xdy dung bang phan mém Autocad sau d6 duoc dua

vao phan mém Ansys — modun Fluid Flow Fluent ¢¢ mé phong nhu sau:

— Budc 1: Khoi dong Ansys workbench 19.2 va chon Modul Fluid Flow (Fluent)
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

— Budc 2: Kich chuft vao Geometry va chon New Design Modeller Geometry
— Budc 3: Kich vao file va chon Import External Geometry File dé dwa mo hinh
3D tau ngdm vao phan mém

File  View Tools Units Extensions Jobs  Help

NE 3R EH Praject |

ﬁ]lmport... | + Reconnect Refresh Project  # Update Project | BB ACT Start Page

Toolbox Project Schematic

|E Analysis Systems |

Design Assessment

Eigenvalue Buckling i A

(&) Electric 1

Explicit Dynamics 2P Geometry 7
& Fluid Flow - Blow Molding {Polyflo :
€& Fluid Flow - Extrusion (Polyflow) 3 @ vesh )
@ Fluid Flow (CFX) 4 @ setp 2,
[ Fluid Flow (Fluent) | 5 g5 Solution )
(& Fluid Flow (Polyflow) 4
|l Harmonic Acoustics 6 @ Resits L
@ Harmonic Response muoi

Hinh 5.3 Khoi dong Ansys — module Fluid Flow (Fluent)

P A muo - Desgnvioosier
Fle Creste Concept Took Units View Hep

S A 3] Refreshinput
1 &) Start Over (Certe N)
5] Georetry > ; 7 Load Designiiodeler Datatase. (Ctrie O)
S =@ _New SpaceClalm Geometry... e Seve Project (O )
< @ 5o " |80 tew Omsgrwodeler Geomesry.. & Eper
| - Import Geomey
5 @ Soko 7 4 g B Attach 10 Actwe CAD Geomwtry
Yransfer Dats From New . ‘WMM—
bt rmad Transfer Dats To News . g
Wtz Scrpt Shetchvles) of Active Place
< Banis & Ron Scrpt
Updete Lpsirean Components
o Refesh o o
e Lo Auto-save Now
Testore Auto-save Fie »
Fropertes
Focemt impens »
Quick Melp
Add Note Clove Devgrdtodeter

Hinh 5.4 Cac budc thiét 1ap mo hinh tau ngam

— Budc 4: Thiét 1ap mién tinh toan
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Phdn tich dic tinh thiy déng luc hoc cua tdu ngam Darpa Suboff bang phwong phdp CFD

Kich thudc mién tinh toan duoc dia trén hiép hoi bé thir qudc té ITTC — 2008.
Kich thudc ctia bé thir ao 1a: LxBxH = 23,950x5,508x18,508 (m)

Hinh 5.5 Mién tinh toan
5.1.3.2 Chia lwoi (mesh)

Chat lugng ludi anh hudng dén d6 chinh xéac, kha nang hoi tu va tdc do tinh toan
do d6 chiing ta phai chia ludi that chinh xac va kiém tra theo cac tiéu chudn danh gia
cua ludi. Quy trinh chia ludi nhu sau:

— Budc 1: Kich dip vao Mesh dé tién hanh chia ludi
— Budc 2: Tién hanh chia luéi cho cac khéi (body sizing) va cac mit (face sizing)
va 16p bién gan tuong (inflation)

— Budc 3: Chon Generate mesh dé tao luéi

-
1

2 @Gecmetr? v
3|§@ Mesh 2
T_‘ Setup T o4
5 ﬁsdut:}n ?‘
6 @ Results 7,
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

) A muol - Meshing [ANSYS AUTODYN PrepPost]

Details of “Face Sizing" - Sizing 2
File Ede View Usits Tock Help | 1] «of | o) Genesate! 5l Scope
I R B Fiv =
TV R-B @ MAEREE & A Scoping Method | Geometry Selection
5 Show Vertices 135 Close Vertices S0 TUZ MAute Soale - Geometry 22 Faces
w+5ze v @ (ocation > (@ Comvent ~ 01 Miscebaneous ~ & =I| Definition
#t DeFeset Explode Fator 4, 'Suppressed [No
Mesh ) Update @ Mesh v B Mesh Contred » @ Mesh Edi Type o 'E|'e'ment Size
Outline ’ [ Element Size | 2.5¢-002m
Filter Name - = Advanced '
Dat-a @l [ Defeature Size | Default (8.6438¢-003 m)
52 Prowect [Behon TSo
o A3) IBehavnor ASoft )
& /& Geometry Growth Rate | Default (1.2)
. ==
o Makerals Capture Curvature No
® oo Coxdrale Systevs | o PO 1
@ e z
SR Bady Sy Section Planes 3 x
SR, P v . 5
b FEEEL R

Hinh 5.6 Cac budc chia ludi tinh toan

— Budc 4: Kiém tra chat luong ludi
+ Max Skewness: 0,894
+ Min Skewness: 0,001

Bang 5.3 Bang so sanh giita ludi tinh toan va tiéu chuan Skewness

Skewness
CFD Tiéu chuan (Acceptable) | Tiéu chuan (Excellent)
Min 0,001 0,8 0
Max 0,894 0,94 0,25

— Chat lugng ludi nam trong khoang chap nhan duoc

S6 lugng phan tir ludi hon 1,4 triéu phan tir va hon 250 nghin giao diém
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

Hinh 5.8 Kich thudc ludi Orthogonal

Budc 5: Thiét 1ap bién va tudng cia mién tinh toan
Tién hanh dit tén cho cac bién va tuong gom: Inlet, outlet, sym1, sym2, hull sau
d6 bam Update

Mesh <} Update @ Mesh v @ Mesh Control « @ Mesh B2
Outline B
Filter  Name -

Bat-=g il
= & Geometry
« @ Sokd
A Materials
3] s A Coordnate Systems
= 8 Mesh
/B Body Sizng
,,Q- Face Sarg
/A inflaton
@) Hamed Selactons
D rlet
¢ D) outlet
s sym1
Yy 0 sy
O hs

Hinh 5.9 Tén cua cac bién va tudong
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

5.1.3.3 Thiét ldp tinh todn trong Fluent

Buéc 1: Kich dup chudt vao Setup va giao dién Fluent Launcher xuat hién

Budéc 2: Chon Double Precision va bAm OK

A B3 Fluent Limncher (Semning Edin Only) - (8] x
: NANSYS Fluent Launcher
)l % Fluid Flow (Fluent) Démansida g
Ooubls Sracanon
2 Geometry W -
W 4 (;'.ac, Cpsona zx:o;-;-'. iy Ophods
Coeploy Math Atey Readng Sanal
3 ﬁ Mesh ' d @ Vosnsnch Colos Scveme Pl
_| Donct shaw this pasel sgan
T Gpton
4 |ﬂ Setup e, AToptn
o - =
5 IE SDIUtIDn a 4 & Shom Mare Ot
=
6 @ Results A
o Carcsl Hedp =

Hinh 5.10 Giao dién Fluent Laucher

Budre 3: Tién hanh thiét 1ap cac thong sd dé tinh todn mo phong

— Lua chon md hinh tinh toan: Model — Viscous — Edit — xuét hién hop

thoai Viscous Model — k-omega (2eqn) — SST — bam OK dé hoan

thanh

— Chon mbi trudng dé tinh toan: Chon Materials — Fluid — Create/Edit —
Xuét hién hop thoai Fluent Database Materials — chon Fluent Fluid

Materials — Water-liquid (h20 <I>) — Copy dé thém méi truong nude sau

d6 bam Close tit ca dé hoan thanh

| - T e T e e R N
. a AT 3
[ T T S CUEE [P N —

. e D o

o o <o i Do R Gl ey Frsvelp ot
,::: . n '
- ; = o e
B i & Wewisie = o
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Phdn tich ddc tinh thiy dong luc hoc ciia tau ngdm Darpa Suboff bang phirong phdp CED

Viscous Model

Model

Inviscid
Laminar
Spalart-Allmaras (1 eqn)
k-epsilon (2 eqn)

® k-omega (2 eqn)
Transition k-kl-omega (3 eqn)
Transition SST (4 eqn)
Reynolds Stress (7 eqgn)
Scale-Adaptive Simulation (SAS)
Detached Eddy Simulation (DES)
Large Eddy Simulation (LES)

k-omega Model

Standard
BSL
® 55T

k-omega Options

Low-Re Corrections

Options
Curvature Correction
Production Kato-Launder
+| Production Limiter

Intermittency Transition Model

X
Model Constants
Alpha®_inf -
1
Alpha_inf
0.52
Beta®_inf
0.09
al
0.31

Beta_i (Inner)

0.075

Beta_i (Outer)

0.0828

TKE (Inner) Prandtl #
1.176

TKE (Outer) Prandtl #
1

User-Defined Functions
Turbulent Viscosity

none j

Scale-Resolving Simulation Options

Stress Blending (SBES) [ Shielded DES

Hinh 5.11 Lya chon mé hinh va méi truong tinh toan
— Sau khi chon méi truong tinh toan ¢ phan Materials, ta bAm vao Cell Zone
Conditions dé thay thé cac moi truong cii bang Water-liquid (h20 <I>)
< Thiét 1ap cac diéu Kkién bién
— Thiét lap diéu kign bién cho dong vao:

+ Chon Boudary Conditions — inlet — Chon Type (Velocity inlet) —
chon Edit — xuat hién hop thoai Velocity inlet

+ Tai Velocity Magnitude [m/s] ta nhap 3,3436 sau d6 bam Apply va chon
Close d¢ hoan thanh

— Thiét Igp diéu kién cho dong ra:

+ Chon Boudary Conditions — outlet — Chon Type (Pressure outlet) —
chon Edit — xuat hién hop thoai Pressure outlet — nhap P = 0 (Pascal)
sau d6 bam Apply va chon Close dé dong hop thoai

—  Thiét Igp cdc diéu kién bién con lai nhw sau:

+ Syml, Sym2: Symmetry
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

+ Hull: Wall

+ Trong Reference Values ta thiét 14p cac gid tri nhu: dién tich (Area), van

tdc (Velocity [m/s]) dé tinh toan cac luc va moment

+ Tiép theo, ta lya chon phuong phap giai — chon Method va tién hanh

thiét 1ap phuong phap

Fluid

Zone Name

solid

Material Name |water-liquid j

Frame Motion 3D Fan Zone Source Terms
Mesh Motion Laminar Zone Fixed Values
Porous Zone LES Zone
Reference Frame Mesh Motion Porous Zone 3D Fan Zone Embedded LES Reaction

Rotation-Axis Origin

X(m) 0
Y{(m) 0

Z(m) 0

Rotation-Axis Direction

|c0nstant j X0 |c0nstant j
|c0nstant j Y0 |c0nstant j
|c0nstant j Z1 |c0nstant j

B (=] [

Hinh 5.12 Thiét 1ap méi trudng tinh toan Water-liquid

Velocity Inlet

Zone Nermne

kst

Momentum

Supersonic/Initial Gauge Pressure {pascal) 0 i_:cr’.rm!

Velocity Specification Maethod ' Magnitude and Direction
Reference Frame Absochte

Velodty Magnitude (m/s) 3.3436 | constant

Coordnate Systern Cartesian (X, Y, Z)
X-Component of Flow Direction 0,9848078 |A.U"Ei-5'l|

f
Y-Comnponent of Flow Oirection 0,1 736482 | constant

Lo Lol Ll el Lebel e

2-Cornponent of Flow Direction 0 |:r.r7’,¥.5'17| i
Turbudence
Specffication Method| Intensty and Viscosity Ratio

Turbulent tensity (%)

|
ol K

Turbulent Viscosty Ratio 10

B [conce] [1en ]
Hinh 5.13 Thiét lap cac diéu kién bién
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

Reference Values

Solution Methods
Compute from
R Prassure-Velooty Coupling
inlet :l o
Reference Values SIMPLE _:]
5 | 0 !
Area (m2) |6.339 3patel Ghecrobration
Gradhant o
Density (kg/m3) 9958.2 Least Squares Cell Based _-]
Pressure
Enthalpy (j/kg) 0 Second Drder _-]
Mamentum
Length (m) |1
gth (m) Second Order Upwind ;I
Pressure (pascal) 0 Turbulent Kinetic Energy

First Order Upwind
Temperature (k) 288.16 Specfic Dissipation Rate

L

Velocity (m/s) | 3.3436 First Order Upwind L] v
" . k hannenrlr E?""‘“L‘“""
Viscosity (kg/m-s) 0.001003 Tt Onde Bosbcn ;]
Ratio of Specific Heats 1.4 Hon-Rerative Time Advancernent

Frozen Flux Formulation
Reference Zone

|su:u|id

Warped-Face Gradient Correction
vI

High Order Term Relaxaton Options. ]
| Default |

Hinh 5.14 Thiét 1ap phuong phap giai

— Thiét lgp diéu kign héi tu ciia bai todn:
+ Kich dap vao Monitors — xuét hién hop thoai Residual Monitors va
chon cac thong s nhu hinh vé

+ Sau d6 bAm OK dé hoéan thanh

R —— .
» 8 solid B Residual Meaitors X
@ Cot Zone Condhons
8 wokd Muid, =2 Opties Equarions
= J& Boundary Condttions v Pretto G " Resdal Monitor Check Convergentcs Absoluts Critaria -
B hue ot =9 tontinuty v v 0.001
'X inkat fveloaty-mket, «d=5) V. Fot sloctty v v 0.001
=y (LR
B imenor-sokd (interior, | Windaw : a
B outlet (prossore-outiet, 1 e Curves_.. || Axes. ] yvelooty v v 0.0
B symt isymmetry, 10=7) ' z-veiocity v v 0.001
B oymz (symmetry, id=g} Rerations to Plot -
B Dynaenc Moesh 1000 - Residual Values Convergence Criteron
#® Reforence Values [absokse
absokse ;l
- &) soktion Normasze =
D Metheds Neraticos 1o Store ———
+" Controls 1000 - 7 Scole | Convergence Condmions. o
» B Report Defimitions
~ B Monitors Compute Loca Seale

g :‘OC(: i:": m I Plot | | Renormeltzs | | Canesi | | Hep J
veport Plots e | hbca 3

Hinh 5.15 Thiét 1ap diéu kién hoi tu
Budrc 4: Tién hanh chay chuong trinh
— Chon Initialization — Hybrid Initialization — chon Initialize

— Tiép theo, chon Run Caculation — Time Step Size (s): 10 — Number of

Time Steps: 100 — chon Calculate dé tién hanh tinh toan

SVTH: Nguyén Pirc Trong GVHD: TS. Nguyén Van Minh
Tran Ba Sy 98



Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

Tres
foar Y
' Heat Exchanger (Off) A
¥ Species (Off)
b ¥ Dssorete Phase (Off)
W Solidficstion & MeRing..,
# Acoustics (Off)
¥ Eulenan Wall Fdm (Off)
# Electric Patential (Off)
* & materials
~ & Fluia
B air
PAS water-liquid
v & solid
* @ Cell Zone Condtions
& soid tfluid, idw2)
~ 3% Boundary Conditions
Pt bat (wat id=9)
BE inlet (veloaty-inlet. ig=3]
P interior-sobd (intenor, |...
Pt qutier (prossure-outiet. ...
B sym? (symmetry, id=7)
BE sym2 (symmetry, 1d=8)
& oynamic Mesh
® Reference Vales
* & Soiution
D Msthads
¥ Controls

Task Fage L]
Solution Initiakzation

Initialization Methods

‘® Hybnd Initialzation
Standard Initialization

[ eenge. ] [t

Hinh 5.16 Khoi tao tinh toan

% Heat Exchanger (Offf =
® species (O
» & Duscrete Phase (Off)
# Solidification & Melting...
# acoustics (Off)
¥ Eulerian Wall Film (Off}
# Electric Potential (Off)
v & Materials
v & Fuid
D air
& water-iquid
» & solid
v & Cel Zone Condtions
& zokd (fluid. id=2)
~ Pt Boundary Conditions
P& bt (wall, id=39)
BE infet (velocity-nlet, id=5)
B% interior-solid interior, i
B% outiet (pressurs-outiet. ...
Pt symi (symmetry, id=7)
Pt gym2 (symmetry, 1d=8)
& Dynamic Mesh
& Reference Values
* @ solution
D Mathods
o Cortrals
» B Repont Definiticns
v B Moniters
€ Cell Registers
%4 Intialization
v Cakulation Adtivities

~ @ Results
» D Graghics

Task Page
Run Calculation
Time Stepping Method Time Step Size (3)
|Fixed -] 10 7
[ Number of Time Steps
z 1000 s
Options
Extrapolate Varisbles

Data Sampling for Time Statishcs

Samphing Ints

| Sampling Optns
smeseit (0) 10
Solid Time Step

Max Rerations/Time Step  Reporbing Intervel

20 st )
Prafie Update Interval
1 &

|Datanthbu..| \cnutic Signats

Hinh 5.17 Thiét lap s6 budc thoi gian tinh toan
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Phdn tich ddc tinh thiy dong luc hoc ciia tau ngdm Darpa Suboff bang phirong phdp CED

5.1.4 Két qud va ban ludn
Bang 5.4 Két qua tinh toan tir CFD

B (o) X (N) Y (N) N (N.m)
0 127,465 0,070 1,332
2 123,822 78,324 240,039
4 115,919 169,937 466,193
6 111,431 257,394 600,358
8 105,875 426,884 789,057
10 86,325 568,541 934,955
12 70,327 757,000 1025,342

Dé ¢ thé quy doi cac luc va moment thu dugc thanh céac gia tri khong thir nguyén
cac phuong trinh sau duoc str dung theo dé xuat cia SNAME 1950. Theo d6 cac luc
thuy dong X, Y, Z duoc dua vé gia tri khong th nguyén bang cach sir dung cong thirc

sau.:
X'= IL (5.2)
2 2
EP.V 'LOA
Y= 1# (5.3)
2 2
EPV 'LOA
AR 1# (5.4)
2 2
EpV 'LOA

Cac momen K, M, N 1a cadc momen quay quanh truc X, Y, Z dugc dua vé gia tri
khong thir nguyén bang cong thirc sau:

K

K'=—— (5.5)
2 ° 04
M'= IL (5.6)
5 p.Vz.LOA3
SVTH: Nguyén Pirc Trong GVHD: TS. Nguyén Van Minh
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Phdn tich ddc tinh thiy dong luc hoc ciia tau ngdm Darpa Suboff bang phirong phdp CED

N'=- ]i 3 (5.7)
5 pV-L,,

Duya vao cac cong thirc ¢ trén, ta c6 dugc bang gia tri ciia cac hé s6 luc va momen khong
thtr nguyén

Bang 5.5 Két qua hé s lyc va momen khong thir nguyén

Sai Sai Sai
ﬂ X b X b ’( Y 9 Y 9 A N 9 N 9 ’(
(CFD) | (EFD) | | (rD) | @Dy | | (cFD) | ®FD) |
.
(40) %) %) %)

1,204 | 1,220 |1,328 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000
1,170 | 1,238 |5,812| 0,740 | 0,826 |9,621 | 5,210 | 5,169 |0,787
,L115 | 1,124 | 2,648 | 1,605 | 1,685 |4,984| 10,102 | 9,948 | 1,524
1,052 | 1,093 |3,897| 2,630 | 2,792 | 6,159 | 13,000 | 13,890 | 6,846
1,000 | 0,989 |1,100| 4,030 | 4,105 | 1,861 | 17,100 | 17,103 | 0,018
10 | 0,815 | 0,837 |2,699 | 5,371 | 5,673 |5,622 | 20,271 | 20,104 | 0,828
12 | 0,664 | 0,654 |1,506 | 7,150 | 7,023 | 1,776 | 22,231 | 22,689 | 2,060

o N B~ D] O

Tir két qua tinh toan mo phong ta co thé thiy: khi cang ting goc dat thi Iyc doc X
cang giam va momen quay quanh truc Z va luc dat ngang Y cang tang. Pidu d6 co thé
duoc giai thich bang cong thire sau:

u=U.cosf (5.8)
v=U.sinf (5.9)
Trong do:
— U: Van tdc tau ngadm theo phuong doc (m/s)
— u: Van téc tuyén tinh theo phuwong doc tau (m/s)
— v: Van tdc tuyén tinh theo phuong ngang tau (m/s)
— B: Goc dat cua tau ngam (d0)

Sau khi c6 dugc két qua lyc va momen thity dong khong thir nguyén, em tién hanh
so sanh v6i dit liéu duoc 13y tir thir nghiém mo hinh va cho thy két qua kha chinh xac
v6i sai s6 16n nhat giira két qua cua luc thay dong tac dung theo phuwong doc X tir md

phong CFD va thuc nghiém 13 5,812%, thip nhit 13 1,1%, lyc thiy dong tac dung theo
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

phuong ngang Y vdi sai s6 16n nhit 14 9,621%, thap nhét 1a = 0%, va momen thuy dong

quay quanh truc z voi sai s6 16n nhat 13 6,846%, thap nhat 1a ~ 0%.

A
1,4
1,2
1
0,8
<
0,6
0,4
0,2
0
0 2 4 6 8 10 12
Goc dat [°]
mCFD mEFD

Hinh 5.18 D thi hé s6 luc doc tau ngﬁm

> 4
3
2
| |
0 |
2 4 6 8 10

Goc dat [°]

12

EmCFD mEFD

Hinh 5.19 D thi hé sé luc ngang tac dung 1én tau ngdm
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

A
25
20
15
z
10
| II II
0
0 2 4 6 8 10 12
Goc dat [°]
ECFD mEFD

Hinh 5.20 D6 thi hé sé moment quay ctia tiu ngm

Hinh 5.21 Phén b 4p suét cua tau ngim tai goc dat 0 do
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Phdn tich dic tinh thiy déng luc hoc cua tdu ngam Darpa Suboff bang phwong phdp CFD

ANSYS

—n L —

°—  s | R °_ =" <L

Hinh 5.23 Phén b 4p suét cta tau ngim tai goc dat 4 d6
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Phdn tich dic tinh thiy déng luc hoc cua tdu ngam Darpa Suboff bang phwong phdp CFD

) 1,000 {m) | R 0 — A _-_L

ANSYS

A L= —tm L

AM?VS

Hinh 5.25 Phén b 4p suét cua tau ngim tai goc dat 8 do
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Phdn tich dic tinh thiy déng luc hoc cua tdu ngam Darpa Suboff bang phwong phdp CFD

0 . 1,000 (m) L.‘ 0 0,000 (m) ‘i

ANSYS

Hinh 5.27 Phan b 4p suét cia tau ngam tai goc dat 12 do
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

RO R R
_::—
L.‘

Pressure [Pa]
a .50 1.000 ()

Contour 3 [
0250 0150

Hinh 5.28 Phén b 4p suit quanh tau ngdm tai goc dat 0 d6

ROty fffffﬁmﬁ

L’.
Pressure [Pa]

Contour | -- . ‘“ il
0.780

Hinh 5.29 Phan b 4p sut quanh tau ngam tai goc dat 2 do
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Hinh 5.30 Phan b 4p sut quanh tau ngam tai goc dat 4 do

Hinh 5.31 Phan bd ap suét quanh tau ng.;im tai goc dat 6 do
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Hinh 5.32 Phén b 4p suat quanh tau ngdm tai goc dat 8 d6

Hinh 5.33 Phén b 4p suat quanh tau ngam tai goc dat 10 do
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Phdn tich dic tinh thiy déng luc hoc cua tdu ngam Darpa Suboff bang phwong phdp CFD

] & J re

Hinh 5.34 Phan b 4p sut quanh tau ngam tai goc dat 12 d6

o ——

Hinh 5.35 Phan bd ap suét cua miii va duéi tai gbc dat 0 do

4 ﬁ" ': . - .
———

Hinh 5.36 Phan b 4p suét ctia miii va dudi tai goc dat 2 do
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Phdn tich dic tinh thiy déng luc hoc cua tdu ngam Darpa Suboff bang phwong phdp CFD

. -

Hinh 5.37 Phan b 4p suét ctia miii va dudi tai goc dat 4 do

Hinh 5.38 Phan bd ap suét cua miii va duéi tai gbc dat 6 do

™ —_ =

Hinh 5.39 Phan b 4p suét ctia miii va dudi tai goc dat 8 do
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Phdn tich dic tinh thiy déng luc hoc cua tdu ngam Darpa Suboff bang phwong phdp CFD

Hinh 5.42 Phan b 4p suét ctia dai quan sat tai goc dat 0 do

SVTH: Ngu‘yéNn Duec Trong GVHD: TS. Nguyén Vin Minh
Tran Ba Sy 112



Phdn tich dic tinh thiy déng luc hoc cua tdu ngam Darpa Suboff bang phwong phdp CFD

Hinh 5.45 Phan b 4p suét ctia dai quan sat tai goc dat 6 do
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Phdn tich dic tinh thiy déng luc hoc cua tdu ngam Darpa Suboff bang phwong phdp CFD

Hinh 5.48 Phan b 4p suét cua dai quan sat tai goc dat 12 do

Nhan xét: Tir két qua nghién ciru cho thiy su phan bd ap suét trd nén dang ké &
cac goc dat 16n, viée ting goc dat co anh hudng dén su phan bd 4p sudt cua than tau
ngdm DARPA SUBBOFF vi 4p sut va van toc co mdi lién hé voi nhau trong cac
phuong trinh dong luong. Tir két qua, ta ciing co thé thdy ap sut ¢ phia mii tau va dai

quan sat 1 16n nhét (P = 4934 [Pa] tai goc dat 12 d6) do su tic dong gan nhu vudng goc
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

ctia nude bién, sy thay doi ap sudt rd rét trén than tau duoc thé hién tur gbéc dat 4 do dén
goc dat 12 do. Pong thoi ¢ dai quan sat con cho thdy su phan bd ap sudt bén phai dai
quan sat giam 0 rét khi tang goc dat, con & bén trai thi tdng 1én do ¢ phia bén trai la
phan dién tich chiu tac dong truc tiép tir nudc, phan dién tich d6 cang tang thi ap suét
phan bd & bén trai cang 16n, phan bd 4p suit & bén phai dai quan sat cang giam. Ngoai
ra, chung ta cling c6 thé thiy duoc sy khac nhau vé phan bd ap sut tai man phai va man

trai, phan bo &p suat & man trai tdng con ap suat & man phai giam khi tang cac goéc dat

va diéu d6 ciing giai thich cho sy gia ting ctia lyc ngang Y.

Hinh 5.49 Phan bd van tdc cta tau ngﬁm tai goc dat 0 do

Hinh 5.50 Phan bd van tdc cua tau ngém tai goc dat 2 do
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Hinh 5.51 Phan bd van tdc cta tau ng'?lm tai goc dat 4 do

Hinh 5.53 Phan bd van tdc cua tau ngﬁm tai goc dat 8 do
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

SO I RN & S 30N 4
SFS PP PRSI Do P

N & 432 e o

Velocity

. 1 1000
Coatour 3 —— "
L 1500

[ms°<1]

Hinh 5.54 Phan b van tdc cua tau ngﬁm tai goc dat 10 do

) ", ~ Q n
S P F DTG FadalaNad © v 5L

AN Vo Ny o Sl Sl T U T X

X v‘\.
\(clouty 1.000 2000 Im)[m §*1]
Contour 3 ee— | — ==

0500 1500

Hinh 5.55 Phan b van tdc cua tau ngam tai goc dat 12 d6
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

Hinh 5.57 Phan bb duong dong tai goc dat 2 do
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Phdn tich dic tinh thiy déng luc hoc cua tdu ngam Darpa Suboff bang phwong phdp CFD

Hinh 5.59 Phan bb duong dong tai goc dat 6 46
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Phdn tich dic tinh thiy déng luc hoc cua tdu ngam Darpa Suboff bang phwong phdp CFD

Hinh 5.60 Phan bd duong dong tai goc dat 8 do

o 0420 ST
— ——
0200 R 0800

Hinh 5.61 Phan bd duong dong tai goc dat 10 do
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

[ms?-1]

0 0450 0,000 |m)
x | ey bkl
0225 oS

Hinh 5.62 Phan bd duong dong tai goc dat 12 do

Nhan xét: Tir két qua nghién ctru cho thay sy phan bd van toc xung quanh tau tai cac
goc dat 0 do va 2 d6 rat 16n, khi cac goc dat cang tang thi phan bd van tdc cang giam di
va phan bd van téc giam dan theo phuong doc tau. Khi ting goc dat 1én thi dién tich
chin nudc cang 16n, didu nay s& 1am giam su phan bd van tdc quanh tau. Ngoai ra, viée
tang goc dat nd ciing s& 1am van tdc & than giita tau, dudi, phan vay canh cang ting
5.2 Tinh toan thity dong lwe hoc tac dung 1én tau ngdm & cac goc chii khac nhau
5.2.1 Cic théng sé dau vao

Céc thong s6 dau vao duoc léy dua trén dir li€u thyc nghiém cua David Taylor
Research Center da thir nghiém mo hinh trong bé thir thuc té nhu: Cac goc chui, van tde
mo hinh. M6 hinh dugc sir dung trong mé phong 1a mé hinh chat 16ng thuc RANS véi
dong chay déu va mé hinh rdi k- (SST). M6 hinh nay 1a mé hinh giai hai phuong trinh
dua trén khai niém do nhét rdi [7]. Trong d6, mot phuong trinh mé ta dong ning rdi va

phuong trinh con lai thé hién téc do tiéu tan rdi.
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Phdn tich ddc tinh thiy dong luc hoc ciia tau ngdm Darpa Suboff bang phirong phdp CED

Bang 5.6 Cac thong sb dau vao

Thong sb Ki hiéu Gia tri Pon vi
Van téc md hinh A 3,3436 m/s
Go6c chui B 0;2;4;6;8;10 bo
Do nhot dong hoc Y 1,003.10° m?/s
th)l lu(y,ng riéng , 9982 k_g;
cua nuoc ngot m

5.2.2 Cdc diéu ki¢n tinh todn

5.2.2.1 Mién tinh todn va diéu ki¢n bién

+* Mién tinh toan

_|_

_|_

Khoang céch tir tau ngam dén céc vi tri cia mién tinh todn nhu sau:

Khoéang cach tir miii tau dén inlet: 1,5L

Khoéng cach tir dudi tau dén outlet: 3L

Khoang céch tir tau dén phia trén va phia dudi cua bé thir do: 9D

Chiéu rong clua bé thir 4o tinh tir mat phéng doc tam tau: 2,5L

aD
]
1,5L
D E— = >
aD
Hinh 5.63 Mién tinh toan hinh chiéu ding
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Phdn tich dic tinh thiy déng luc hoc cua tdu ngam Darpa Suboff bang phwong phdp CFD

A

2,5L

\ 4
1,50 = aL
— X }4 >

2,5L

\ 4

Hinh 5.64 Mién tinh toan hinh chiéu bang
« Diéu kién bién:
— Inlet: Van tdc vao liy bang van tdc ciia tau mo hinh 13 V = 3,3436 m/s
— Outlet: Ap suat dau ra (P = 0 Pa)
— Hull: Than tau ngam (wall)
— Hé s6 nhét dong hoc ciia nude ngot & 20°C: 2= 0,001003 m?'s

Hinh 5.65 Diéu kién bién

5.2.2.2 Cac trwong hgp tinh todn
Tau ngam duoc tinh & cac trudng hop c6 goc chiii khac khau gom: 0, 2, 4, 6, 8 va
10 trong bé thir a0 bang phwong phap CFD sau d6 duoc so sanh v6i két qua thyc nghiém

dé kiém tra tinh chinh xac.
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

5.2.3 Quy trinh tinh todn mé phong tau ngiam & cdc géc chii khdc nhau bing phan

mém Ansys — modul Fluid Flow (Fluent)

5.2.3.1 Thiét lap mé hinh tinh todn

Mo hinh 3D tau ngdm duoc xay dung bang phian mém Autocad sau d6 duoc dua

vao phan mém Ansys — modun Fluid Flow Fluent ¢ mé phong nhu sau:

Budce 1: Khéi dong Ansys workbench 19.2 va chon Modul Fluid Flow (Fluent)

Budc 2: Kich chudt vao Geometry va chon New Design Modeller Geometry

Budc 3: Kich vao file va chon Import External Geometry File dé dwa mo hinh

3D tau ngam vao phan mém

A Unsaved Project - Workbench
File  View Tools Units Extensions

AN E @ B /[ HPrroject

Help

@] Import...

< Reconnect |P) Refresh Project # Update Project | m ACT Start Page

Toolbox 2 LS Al Project Schematic

[El Analysis Systems I
#4 Design Assessment

) Eigenvalue Buckling

(&) Electric
¥ Explicit Dynamics

& Fluid Flow - Blow Molding (Polyflo
& Fluid Flow - Extrusion (Polyflow)
{3 Fluid Flow (CFX)
[E3 Fluid Flow (Fluent) |
Fluid Flow (Polyflow)

) Harmonic Acoustics

29 Harmonic Response

i@ Newswoechhneeo«my..

Import Geomefry

< Dogicatn
D Renits 2 b
Yransfer Dats From New

iy Transfer Dats To New
Uodate
Updste Lpsirean Components
Reset
Rename
Fropertes
Quck Melp
Add Mo

v A

E8l 7 Fluid Flow (Fluent)

2:0 Geometry @ 5
3 @ Mesh ?,
4 |@ setwp e
5 Solution 2 r
6 @ Results =

muoi

&P A muol - DesignModeler
File Creste Concept Tools Unts View Help
(2] Refresh Input |
£ Start Over {Ctri+ NJ
7% Load DesignModeber Database... (Ctrie O)
§d Seve Project (Curfe 5)
& export..
& Attach 1o Active CAD Geometry
=1 ﬂ impornt Extemal Geometry File

‘ Import Shaft Geometry...

R, Write Script: Sketchles) of Active Plane
S Run Scrpt...

o Pont

ko Auto-save Now

Restore Auto-save File »
Recent Imports »
Close DesignModeles ‘
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Phdn tich dic tinh thiy déng luc hoc cua tdu ngam Darpa Suboff bang phwong phdp CFD

Hinh 5.66 Cac budc thiét 1ap mo hinh tau ngam
— Budc 4: Chon Create => Bodytransformation => Rotate dé xoay tau dén cac goc
chui khac nhau, sau do tai Axis Definition => chon m6 hinh tau ngﬁm, tai Axis
Selection => chon mit phang, tai Angle => nhap goc chiii ctia tau

@ A sauda - DesgnModeler = 8 A ldo
o -t oo

| ‘JB"W'
- ouull Rotatel
= /& 1Part | Body
- o @ Sobid

SiDeliirolMoltet ___
[ Rotate [Rotate)
Preserve Bogies? Mo
Gooes |1
v Ot s
|Auis Selection |20 Edge

103, Angle |6°

Hinh 5.67 Tau ngam tai goc chui 6 do
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Phdn tich dic tinh thiy déng luc hoc cua tdu ngam Darpa Suboff bang phwong phdp CFD

— Budc 5: Thiét 1ap mién tinh toan
Kich thuéc mién tinh toan dugc dwa trén hiép hoi bé thir quoc té ITTC — 2008.
Kich thudc ctia bé thir a0 1a: L.B.H = 23,950.5,508.18,508 (m)

Hinh 5.68 Mién tinh toan
5.2.3.2 Quy trinh chia luwéi (mesh)

Chat lugng ludi anh hudng dén d6 chinh xéac, kha nang hoi tu va tdc do tinh toan
do d6 chung ta phai chia lu6i that chinh xac va kiém tra theo cac tiéu chudn danh gia
cua luédi. Quy trinh chia ludi nhu sau:

— Buéc 1: Kich dip vao Mesh dé tién hanh chia ludi
— Budc 2: Tién hanh chia ludi cho cac khéi (body sizing) va cac mat (face sizing)

— Budc 3: Chon Generate mesh dé tao luéi

- |[Fow neve 23
— | Fot==as
i@ -* Fluid Flow (Fluent) B i
7
2 @ Geometry v = 23 comieem e
_Om
3@ Mesh =N  tnsne
B J Gemmte Merh |
= "l
4 @ setup = s i
) Comate Bt Cantroke
5 ﬁ Solution = u BRI 1 o et
& Berwerm FD
[T e bl
6 @ Results 7, o | Gt O | ook Mo
L |8 Cantact Mtk
ey Phtiogne : W Node Merge Groas

Hinh 5.69 Cac budc chia ludi tinh toan

SVTH: Nguyén Ditc Trong GVHD: TS. Nguyén Vin Minh
Tran Ba Sy 126



Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

Details of “Face Sizing" - Sizing a G A attckirus - Meshing [ANSYS CFD Enterprise]
= Scope File Edit View Units Tocls Help = [5] +o | =} Generate|
|Scoping Method | Geometry Selection ' FVYL-ADARERERRR & S
Geometry | 22 Faces 5 Show Vertsces  [Fy Close Vertices 4e-002 aito Seate v
=/| Definition ) : +»Sae v @ Location v [@Comvent v 0 Miscellaneous v
| Suppressed |No | & Do Explode Factor Asse
| Type Element Siz :
Bl ____[emenm oze , Mesh -f Update @ Mesh v L Mesh Control v @ Mesh Ed
| Element Size 2.5e-002 m 5
= Advanced deine
|| Defeature Size | Default (8.6438e-003 m) Filter: MName ¥
Behavior Soft Bao+-ag il
| Growth Rate | Default (1.2) = ';N o
‘Capture Curvature No 3G <
= - 3 A Coordrate Systems
Section Planes R x = D Mesh
B, Body Sarg
- ’ v
l M xXewx /B, Face Song

Hinh 5.70 Cac budce chia ludi tinh toan

— Budc 4: Kiém tra kich thudc luéi
+ Max Skewness: 0,894
+ Min Skewness: 0,001

Bang 5.7 Bang so sanh giita kich thudc luéi tinh toan va tiéu chuan Skewness

Skewness
CFD Tiéu chuan (Acceptable) | Tiéu chuan (Excellent)
Min 0,001 0,8 0
Max 0,894 0,94 0,25

— Chit luong ludi nam trong khoang chip nhan duoc
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

Hinh 5.72 Kich thuéc ludi tinh todn Orthogonal

Budc 5: Thiét 1ap bién va tudng cia mién tinh toan

Tién hanh dit tén cho cac bién va tuong gom: Inlet, outlet, sym1, sym2, hull sau

d6 bam Update

_l_

_|_

_l_

Inlet: Mt phang thiét 1ap van tdc dau vao
Outlet: Mit phang thiét lap thong s6 dau ra
Sym1: Mit phing & hai bén man trai va phai
Sym2: Mit phang phia trén va phia dudi

Hull: Bién dang tau ngam DARPA SUBBOFF
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

@ A : attcktrub - Meshing [ANSYS CFD Enterprise]
File Edit View Units Tools Help || GO =& | =/
A S Ol BRE &S

F Show Vertices f# Close Vertices 0. (Auto Scale)

Generate |

<> Size v &Location v Convert v () Miscellaneous v '@

3 Explode Factor: } Asse
Mesh =/ Update | @Mesh v @ Mesh Control v @& Mesh Edi

Filter Name v

B ad-E el il
8| Project
= (g Model (A3)
/& Geometry
)2 Coordinate Systems
/B
AP Body Sizing
,@K Face Sizing
=-- @ Named Selections
0 inlet
v~ outlet
0] sym1
) sym2

T hul

[+

[1]

Hinh 5.73 Tén cua cac bién va tuong

5.2.3.3 Thiét ldp tinh todn trong Fluent
Buére 1: Kich dup chudt vao Setup va giao dién Fluent Launcher xuat hién
Bude 2: Chon Double Precision va bAm OK
Budre 3: Tién hanh thiét 1ap cac thong s6 dé tinh todn mo phong
— Lua chon md hinh tinh toan: Model — Viscous — Edit — xuét hién hop
thoai Viscous Model — k-omega (2eqn) — SST — bam OK dé hoan
thanh
— Chon mbi trudng dé tinh toan: Chon Materials — Fluid — Create/Edit —
Xuat hién hop thoai Fluent Database Materials — chon Fluent Fluid
Materials — Water-liquid (h20 <I>) — Copy dé thém méi truong nudc sau

d6 bAm Close tit ca dé hoan thanh
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD
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Hinh 5.74 Thiét 1ap mdi trudng va mo hinh tinh todn
—  Sau khi chon méi truong tinh toan & phan Materials, ta bAm vao Cell Zone
Conditions dé thay thé cac moi truong cii bang Water-liquid (h20 <1>)
< Thiét 1ap cac diéu Kién bién
—  Thiét ldp diéu kign bién cho dong vao:
+ Chon Boudary Conditions — inlet — Chon Type (Velocity inlet) —
chon Edit — xuét hién hop thoai Velocity inlet
+ Tai Velocity Magnitude [m/s] ta nhap 3,3436 sau d6 bam Apply va chon
Close dé hoan thanh

— Thiét lgp diéu ki¢n cho dong ra:
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

+ Chon Boudary Conditions — outlet — Chon Type (Pressure outlet) —
chon Edit — xuéat hién hop thoai Pressure outlet — nhap P = 0 (Pascal)
sau d6 bAm Apply va chon Close dé dong hop thoai

— Thiét ldp cdc diéu kién bién con lai nhw sau:

+ Syml, Sym2: Symmetry

+ Hull: Wall

+ Trong Reference Values ta thiét 1ap cac gia tri nhu: dién tich (Area), van
tdc (Velocity [m/s]) dé tinh toan cac luc va moment

+ Tiép theo, ta lya chon phuong phap giai — chon Method va tién hanh

thiét 1ap phuong phap

Velocity Inlet X
Zone Name
inlet
Momentum
Velocity Specification Meth0d|Magnitude and Direction j
Reference Frame|Ahsqute j
Velocity Magnitude (m/s) |3.3436 |c0nstant j
Supersonic/Initial Gauge Pressure (pascal) |0 |c0nstant j
Coordinate System|Car‘tesian (X, ¥, Z) j
X-Component of Flow Direction |0.9945219 |c0nstant j
Y-Component of Flow Direction |0 |c0nstant j
Z-Component of Flow Direction |-0.1045285 |c0nstant j
Turbulence

Specification Meth0d| Intensity and Viscosity Ratio
Turbulent Intensity (%) |5
Turbulent Viscosity Ratio |10

o
Hinh 5.75 Thiét 1ap cac diéu kién bién

==L

— Thiét lgp diéu kign héi tu ciia bai todn:
+ Kich dp vao Monitors —> xuat hién hop thoai Residual Monitors va
chon céc thong sé nhu hinh v&
+ Sau d6 bam OK dé hoan thanh
Budre 4: Tién hanh chay chuong trinh

— Chon Initialization — Hybrid Initialization — chon Initialize
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

— Tiép theo, chon Run Caculation — Time Step Size (s): 10 — Number of

Time Steps: 100 — chon Calculate dé tién hanh tinh toan

5.2.4 Két qud va ban lugn

Bang 5.8 Két qua tinh toan tir CFD

0 X’ X’ Saisd | 2’ z Sai s6 M’ M’ | Saisé
[°] | (CFD) (EFD) (%) (CFD) | (EFD) (%) (CFD) | (EFD) (%)
0 -1,204 -1,220 0,879 | -0,273 | -0,305 | 10,720 1,400 1,421 1,500
2 -1,310 -1,299 1,643 | -0,383 | -0,364 | 4,961 4,500 | 4,423 1,711
4 -1,310 -1,297 1,486 | -0,950 | -0,943 0,737 8,200 8,262 | 0,756
6 -1,290 -1,284 1,102 | -1,810 | -1,782 1,547 11,800 | 11,925 | 1,059
8 -1,280 -1,271 0,96 | -2,672 | -2,547 | 4,678 13,525 | 13,247 | 2,055
10 | -1,210 -1,202 0,661 | -3,410 | -3,522 | 3,284 14,500 | 14,722 | 1,531
1,32 4
1,3
1,28
1,26
i 1,24
<
1,22
1,2
1,18
1,16
1,14
0 2 4 6 8 10
6[°]
BCFD EMEFD
Hinh 5.76 D6 thi hé s lyc doc tau ngdm
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

A
16

14

12
10
6
4
2
, N
0 2 4 6 8 10

0[°]

mCFD mEFD

M!

Hinh 5.77 D6 thi hé s momen lic doc tau ngﬁm

A
4
3,5
3
2,5
N2
1,5
1
0,5 “
L. mm HNE
0 2 4 6 8 10
0[°]
ECFD MEFD

Hinh 5.78 D6 thi hé sb luc nang tau ng?lm
Tir két qua tinh todn ta c6 thé thay: Khi goc chiii cang tang, lyc thuy dong tac dong
1én tau ngam theo phuong doc tau X cang giam do & trudng hop nay goc chii hudng 1én
trén va 4p suat cia phan than trude ting. Momen lic doc tau M ciing cho thdy sy gia
tang rd rét khi ting goc chui. Pidu nay ciing d& hiéu khi tau & cac goc chui va ap luc
nude nuée bién tac dong théng vao than tau mot géc 0 lam cho tau bi lic doc manh va

diéu nay c6 thé ching minh & phan b ap suat trén than tau ngam.
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Phdn tich dic tinh thiy déng luc hoc cua tdu ngam Darpa Suboff bang phwong phdp CFD

0,300 (m) ° 0300 v
— m——— @

Hinh 5.79 Phéan b 4p suét cta tau ngim tai goc chui 0 do

0 1000 (m) L.' 0 0900 i \'t

ANSYS

Hinh 5.80 Phéan b 4p suét cua tau ngim tai goc chui 2 do
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Phdn tich dic tinh thiy déng luc hoc cua tdu ngam Darpa Suboff bang phwong phdp CFD

0 1000 4wy L_ 0 880 o) p

Hinh 5.82 Phan bd 4p suét cia tau ngam tai goc chui 6 do
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Phdn tich dic tinh thiy déng luc hoc cua tdu ngam Darpa Suboff bang phwong phdp CFD

o 1000 (m) L.. 0 0.600 (m) ; J
—_— [ ee—

Hinh 5.84 Phan b 4p suét cua tau ngam tai goc chai 10 do
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Hinh 5.85 Phan b 4p suét quanh tau ngam tai goc chui 2 46

Hinh 5.86 Phéan b 4p suat quanh tau ngdm tai goc chui 4 do
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Hinh 5.87 Phan b 4p suét quanh tau ngam tai goc chui 6 do

Hinh 5.88 Phén b 4p suat quanh tau ngam tai goc chui 8 do
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Phdn tich dic tinh thiy déng luc hoc cua tdu ngam Darpa Suboff bang phwong phdp CFD

Hinh 5.89 Phan b 4p suat quanh tau ngdm tai goc chui 10 do

Hinh 5.91 Phén b 4p suét cuia mili va dudi tai goc chii 4 do
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Phdn tich dic tinh thiy déng luc hoc cua tdu ngam Darpa Suboff bang phwong phdp CFD

Hinh 5.94 Phan b 4p suét ctia miii va dudi tai goc chii 10 d6
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Phdn tich dic tinh thiy déng luc hoc cua tdu ngam Darpa Suboff bang phwong phdp CFD

Hinh 5.97 Phan b 4p suét cua dai quan sat tai goc chii 6 do
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Phan tich ddc tinh thiy dong luc hoc ciia tau ngam Darpa Suboff bang phuong phdp CFD

Hinh 5.99 Phan b 4p suét cia dai quan sat tai goc chai 10 d6

Hinh 5.100 Phan b van tdc cua tau ngém tai goc chuai 2 do
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Phan tich dac tinh thuy dong luc hoc cua tau ngam Darpa Suboff bang

Hinh 5.101 Phan bd van tdc cua tau ngﬁm tai goc chuai 4 do

Hinh 5.102 Phan b van tdc ciia tau ngam tai goc chui 6 do
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Hinh 5.103 Phan bd van toc cua tau ngﬁm tai goc chuai 8 do

Hinh 5.104 Phan bd van tdc cua tau ngém tai goc chai 10 do

Nhén xét: Tir hinh anh phan bd 4p suét cla tau ngdm ta c6 thé thiy dugc sy phan

I4 7
A

bd 4p suat tai cac goc chii khac nhau gan nhu chi tép trung tai miii, vay canh va dai
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Phdn tich ddc tinh thiy dong luc hoc ciia tau ngdm Darpa Suboff bang phirong phdp CED

quan sat. Trong d6, tai ving miii 1a noi tip trung ap suit 16n nhat, con phan than tau gin
nhu khong c6 su chénh 1éch nhiéu giira cac goc chui voi nhau va no chi thé hién rd hon
khi ¢ goc chtii 8 d6 dén 10 d6. Ngoai ra, ap suat & phan miii cling cho ta thiy su khac
nhau tai cac goc chii khac nhau diéu d6 co thé thiy rd khi quan sét sy thay doi vang ap
suat & mili khi goc chii ting. Do trong trudng hop niy goc chii hudng 1én trén do ving
ap suat 16n nhit dugc phan bd & mili ¢6 xu hudng di chuyén xudng phia duéi. Vé phan
bd van tde, tir hinh anh phan bd van tbe cho ta théy van toc phia dudi than tau ngém
vung dién tich chiu tic dong truc tiép ciia nudc rat 16n con phia khong chiu tic dong cua
nuée thi giam di 1 rét. O phia mii va dudi tdu ngam, phan bd van tdc sé cang giam di
néu goc chii cang ting, phan than dudi tiu ngam 14 noi van téc phan bd nhiéu nhat.
5.2.5 Tinh to4n h¢ sb thity dong luc hoc cila tau ngAm DARPA SUBBOFF

5.2.5.1 Phwong phap tinh toan

St dung phuong phép hdi quy tuyén tinh dé tinh toan cac hé sb thuy dong liuc hoc
clia tau ngam tai cac goc dat va goc chii khac nhau. Phuong phap hdi quy tuyén tinh 13
mot k¥ thuat phan tich dit li¢u du doén gia tri cua dir 1iéu khong xac dinh béng cach su
dung mdt gia tri dir li€u lién quan va da biét khac. N6 mé hinh toan hoc bién khong xac
dinh hodc phy thudc va bién di biét hodc doc 1ap nhu mot phuong trinh tuyén tinh. Céc
mo hinh hdi quy tuyén tinh tuong d6i don gian va cung cap mét cong thirc toan hoc dé
gidi thich dé dua ra cac du doan. No6i cach khac, hdi quy tuyén tinh 1a mot thuat toan co
giam sat trong do dau ra du doan 1a lién tuc, c6 do ddc khong ddi va né duoc su dung

dé du doan cac gia trj trong mot pham vi lién tuc

5.2.5.2 H¢ sé thiiy déng lwc hoc ciia tau ngam
Bang 5.9 Hé s6 thuy dong luc hoc cia tau ngdm DARPA SUBBOFF

X’w=-0,0061 | N’,=2,5953 X’ww=0,0019
X’w=-0,003 |N’,=0,0596 |X’,=-0,0149
X« =1,195 N’+=0,1539 Xy* =-1,2525
Y’,=0,3095 2w =0,0207 | M’*=0,8795
Y’ =0,023 Z’=10,1296 M’y = - 0,090
Y’+=0,0063 Z’9p=0,1607 My, =2,297
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Phdn tich ddc tinh thiy dong luc hoc ciia tau ngdm Darpa Suboff bang phirong phdp CED

Tir cac hé sb thuy dong luc hoc & bang 5.9 va phuong trinh chuyén dong cua tau

ngam ta suy ra dugc luc va momen khong thtr nguyén tai cac goc dat va goc chui khac

nhau.

Do & day em chi tinh cho truong hop goc dat va goc chii voi van tde khong thay doi,

goc danh 1ai khong thay ddi nén ta c6 phuong trinh don gian hoa nhu sau:

— Dbi véi trudng hop & cac goc dat khac nhau:

X'=X"+X"' V' + X" u (5.10)
Y'=Y"™4Y' v +Y' v (5.11)
N'=N"*+N' V' +N' v (5.12)
— Ddi véi trudng hop & cac goc chai khac nhau
X'=X"*+X' wW+X' w (5.13)
Z2'=Z,+Z2' V' +Z' w (5.14)
M'=M™*+M' W +M' w (5.15)
Bang 5.10 H¢ s6 luc va momen tai cac gbc dat khac nhau
B[] X’(CFD) X’(FIT) | Y’(CFD) | Y’(FIT) | N°(CFD) | N’(FIT)
0 1,204 1,191 0,000 0,006 0,000 0,154
2 1,170 1,173 0,740 0,717 5,221 4,952
4 1,115 1,128 1,605 1,612 10,101 9,428
6 1,052 1,056 2,63 2,691 13,000 13,426
8 1,000 0,957 4,03 3,954 17,113 16,948
10 0,815 0,830 5,37 5,401 20,270 19,993
12 0,664 0,676 7,15 7,032 22,231 22,561
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Hinh 5.107 D6 thi hé s6 khong thtr nguyén Y tai cac goc dat
Bang 5.11 H¢ s6 luc va momen tai céc gbc chui khac nhau
0[°] X’(CFD) X’(FIT) Z’(CFD) | Z’(FIT) | M’(CFD) | M’(FIT)
0 1,204 1,253 0,273 0,006 1,410 0,154
2 1,310 1,274 0,383 0,717 4,300 4,952
4 1,310 1,281 0,950 1,612 8,200 9,428
6 1,290 1,273 1,810 2,691 12,310 13,426
8 1,280 1,250 2,672 3,954 13,525 16,948
10 1,210 1,211 3,410 5,401 14,521 19,993
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CHUONG 6. KET LUAN
6.1 Két luan

Qua két qua tinh todn méd phong co thé dwa ra mot sé két luan nhu sau:

— Két qua tinh stic can bang phuong phap CFD theo van tdc sai 1éch so voi thuc
nghi¢m tur 0,06% dén 4,99%, va céc sai léch nay déu nho hon 5%, theo do sau
sai léch 1a 1,72% dén 4,16% dam bao tinh chinh x4c ciia méo phong.

— Kiém tra dugc kich thudc ludi co6 anh hudng dén d6 chinh xac cua két qua dic
biét l1a 16p bi€n xung quanh tau.

— Sirc can tau ngdm tang tuyén tinh tir 3,05 m/s dén 9,15 m/s & cling do sdu

— Khi tau ngdm & vi tri gin mat thoang, anh hudng mit thoang 1am ting sirc can
phi tuyén ¢ tau ngam.

— Céc vi tri chiu &p luc 16n trén bién dang tau ngﬁm la: miii tau, phia trude dai quan
sat va phan dudi tau. Theo cac biéu do phan bd ap suét tai cac van tdc thé hién
gi4 tri 16n nhat tai cac vi tri do.

— Goc dat tang dan dén lyc theo hudong X giam, luc theo huéng Y tang va momen
quanh truc Z tang 1én

— Khi goc chiii cua tau ngdm hudng 18n cang ting thi luc thuy dong tac dong theo
phuong doc tau X giam, momen quay quanh truc Y va luc tac dong theo phuong
Z tang.

6.2 Két qua thu dwoc

Trong qué trinh thyc hién dé tai nay nhom em da dugc van dung céc kién thuc da
dugc hoc trén giang duong va ing dung vao giai quyét bai toan clia tau ngam nay, dong
thoi nhan thay tinh Gng dung va cong nghé trong viéc thuc hién moé phong bang phuong
phap s6 CFD.
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