v [l Y
Twsung gassuas : masaFsdravvesves lvan Tnarunsavinsensilinuma
¥3y1 (NUMERICAL SIMULATION OF THE FLUID FLOW PAST A TORUS WITH
ROTATING BOUNDARY) 91915601/5011 : 599maa519158 a3.411a'lar] veanuy,

129 1111,

av Y { Y 4 { ] ]
\11‘1!’35]ﬂﬁﬁﬂ}lHﬁEJ’Jﬂ“]_l%ﬁuﬁ1ﬁﬁi"l]®\1"llﬁlilvl‘ﬂﬁﬁhlﬁaW1u‘lﬂ‘iﬂ’i’NEJ%‘]Tl1’iiJui®ll

Q

)

E '
A o v 9 ~ @

D) o v 4 Yy
IFUUHINAN ‘]J‘EIJUWWuiJﬂ’NiJﬁWﬂﬂJu@’JEJLWQWﬁﬁ'@ﬁﬂizﬂ'ﬁﬁ@ ﬂJ@LLiﬂﬂﬁLﬂﬁ’O‘u‘ﬂ ALY IO
] A A dy a [l [ % [ A Y I
ﬂJEN‘VIi\i‘H’N‘(’11\‘]1/1NWHW’J’I’HJHI@EJVI,N’O1P(EJLL5\°I§‘I1ﬂuﬂﬂiuﬂ1iﬂﬂﬂuﬁ1ﬂ1iﬂﬂ%$GL%L‘]J‘L!

a

o A ~ A Aaa < Y o I a (] 1
HUVA1DIVDINITLAADUNUDITINBINUUIALAN L!,a8611’E)“I/Ifd’ammﬂugﬂwﬂrﬁnﬂmﬁamww

A

= = a A4  Aygy o A I
Wq@ﬂﬁ’ln’lﬁﬂ'ﬂ'ﬁll'lfJﬂ'lﬁLﬂﬁ@uﬂUl@ﬂ’Jﬂﬁ'M@\?"U'0\1ﬁﬁﬂ%?ﬁ(ﬂuﬂ’lﬂ)TﬂElhlll'ﬂ'lﬁﬂl!j\iﬂ'lﬂu@ﬂﬂlu
U 3 -7 ad o a % av dy w dy adn v d’
N1IVUAU m‘i‘wmm:}‘ﬁﬂﬁmu’gmtmmgmﬂmm’mfJumﬁﬂ‘wuimellm’(]ﬂﬂ:imﬂ%umam
o s s A A 1 % a o ]
ﬂ'lﬁ@llﬂl@\‘lﬁllﬂ'lﬁu'll’)ﬂfi-ﬁiﬁﬂﬁGUE]Qﬂl@ﬁvlﬂaﬂﬂﬂj'lhﬁu@uﬂﬂvluq‘ll@]:]ﬂluig‘]JUWﬂﬂTlﬁ{lW’)Q

9
819 NIATINABUANNYNABIVBITUADUID MITFIAUaVAUTUMT TaenlSouiiounamansa
o v 9 Y A vAa ° ara 4 A o A A 4 9
G]'JméUﬂ’U‘lJﬂlluﬁ%”Iﬂﬁi’)\‘l‘]_]{(]‘ﬂﬁﬂ']ﬁﬁ]”Iﬁ@\‘lﬂ'l\‘]wa'ﬂﬁlmgWﬁlﬂﬁﬂl“ﬁ\‘]ﬁ?!ﬁ‘uﬂu‘]ﬂ‘ﬁ'ﬂﬂ gany
o a 4 1T @ a QJ 9 d' o 4
ﬂ”lu'liulmg'Jlﬂ'i']$1’iWﬁ‘l]@\?ﬂ”lﬁl]ﬂﬁgﬁﬂ‘ﬁlﬁ\iﬂ'lullﬁgzﬂllﬂﬂﬂ']'iul‘ﬁa‘ﬂmallﬁfJT‘L!ﬁﬂﬁTJ”I‘L!ﬂﬁ']\‘]
@ < o ' ' ] o v
E]GISTLﬁ'JallﬂﬂﬂTﬁﬁMutlﬁg@ﬁ316’31!531431@&@%}1!WTuﬂuf]’ﬂa”I\i‘lJ'f)\i'NLL‘Vi'J‘L!ﬂUlﬁuWTuﬂugﬂﬁTQ

V9IMNAVAAVINE NUANANU

a a J A A o o=
A1VNIVPIAUAAITAT MYUDYOUNANEN

=~ = A A S (=
1nsANYT 2552 A8 D19156NUTAW




PAIRIN SUWANNASRI : NUMERICAL SIMULATION OF THE
FLUID FLOW PAST A TORUS WITH A ROTATING BOUNDARY.
THESIS ADVISOR : ASSOC. PROF. NIKOLAY MOSHKIN, Ph.D.

129 PP.

ROTATING TORUS/ SELF-PROPELLED BODY/ TOROIDAL COORDINATES.

In the present thesis, the hydrodynamics of a torus rotating about its centerline
is investigated numerically. This problem is important for two reasons: firstly, swim-
ming of micro-organisms can be modeled as a self-locomotion of a doughnut-shaped
swimmer powered by surface rotation and secondly, it (the torus) has the simplest
geometry which can describe self propelled organism (particles). Rotation of the torus
surface can be considered as a propulsion device for controlling the variation in the
drag coefficient for flow past rings orientated normal to the direction of flow.

A numerical model based on the projection method has been developed for
the incompressible Navier-Stokes equations in the toroidal coordinate system. The
numerical algorithm has been validated by comparing our numerical results with avail-
able data from laboratory physical modeling and other numerical results. The drag
coefficients and flow patterns for the axisymmetric flow past a torus rotating about
its centerline were computed and are analyzed for moderate Reynolds number, vari-
ous rotational speed and different aspect ratios (the ratio of the ring diameter to the

cross-section diameter)
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