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Abstract of Thesis

Shear-thinning fluid containing dispersions (i.e. bubbles, drops and particles) has attracted continuous attention due to its
existence in many natural and industrial processes such as food processing, air lubrication, blood pumps and water treatment.
Numerous fruitful research findings on the dynamics of shear-thinning fluids have been reported in recent years. However, most
of the research just gives qualitative explanations, while there are still many unclear physical problems that need to be
quantitatively revealed. This thesis focuses on the dynamics of the creeping power-law shear-thinning fluid induced by an
oscillating sphere travelling with the velocity of U =1+ Acoswt (here, U, A and w are the velocity, the oscillation
amplitude and angular frequency of the sphere, respectively), in consideration of both free-slip and no-slip boundary conditions.

In particular, the drag force D reduced by the oscillation-enhanced shear-thinning effect is further analyzed.

Firstly, we focus on the free-slip sphere with a high angular frequency @ (= 103), and parametrize A and the power-law index
n of the viscosity. The results show that, for small amplitude A (A < 1), the drag reduction ratio 1 — D/D, (here, D, is D
with no oscillation) is proportional to A2, and the proportionality of A% originates from the fact that the time average of the
force contribution proportional to A' becomes zero. In contrast, for large amplitude A (A > 1), the drag ratio D/D, is
proportional to A", revealing a power-law behavior. In the case of A > 1, examination of the radial profile of the time-
averaged velocity and the level of the bulk enstrophy with the aid of the Bobyleff-Forsythe formula reveals that the bulk flow
might be regarded as nearly irrotational for a strong shear-thinning fluid with small power-law index n and large amplitude A
(A > 1). To provide a fundamental perspective on the drag force reduction mechanism, a theoretical model is proposed based

on potential theory and demonstrated to well capture the power-law relation between D/D, and A.

Secondly, we examine the effect of angular frequency on the drag force on the oscillating sphere over a wide range w €
[1, 1000], in consideration of both the free-slip and no-slip conditions. The time-averaged drag force D is significantly
influenced by amplitude A rather than angular frequency w. Besides, D also shows independence on w due to the quasi-
steady state of the fluid. Furthermore, the analytical solution, established based on the assumption of a quasi-steady state, can
exactly predict the time-averaged scaled drag force D/D, over a wide range of amplitude A. Even though the w dependence
of D is small, the scaled drag force D/D,-, shows increasing trend at A =5 and decreasing trend at A = 1. Such opposite
behaviors are explained by the energy balance expression. Moreover, the fluid dynamics induced by the disparity between the
no-slip and the free-slip boundary conditions are also discussed in this thesis. Such a study holds significant potential implications

for utilizing mechanical oscillation in various industrial fields to control the behaviors of the sphere.
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Kawsli, N E FAREBIERET ORBIER A G LT OHMES I 2 b—3 3 U&7V, ERICHE SN 2o
NFEREL, RCAIEATIMIDORBICELEELZMAL, T LTI EH2HME LTS,

BEVEPERRIY, TAWNEE DAL & BICHERBD T =2 — ik Thsd. KA - 7 - kiR &0y
Bk & e IR I, RSN, W, MiERY 7, KEELR CEx RERES, T¥E7nERCBVTR
L, LA e Y —OIERBEICER T 2EMRNOFEBIFEENEE > TS, FTYH, BEKREEHWZINRE
WLV RFTREZ K TIE2 2 LT, DBEOTXEEZHIEL X5 & 2I8AMERED SR TWD. MEIC X
LHPURIZ %5 & T2 AT D £ < 1%, IEMBBRICET 2@mNEMN TH ORI LT, Kimxxcix, &
UK O AT 2 EBICIEX 272, EEZXEFATEX D, KEELBRET D, FEFA M—27 2R
KEJH R EITE D) BML LIZROEREER S 2 BRI, TRTEEIREA, MRTEDKe, ~&EE0n
BRT A= L LU THRHFEPIITHERZEAL TV 5.

ARSI BSEN ORI TS, HIETHE, F=ma— b UFREICOWTHB L, BT 055 SR8
BT 2 SEATAIZE AR L, DHRIZ R DI ARSI 2 R OMBEIC OV TR, KigX o7 —~< L Hi%E
HIEIZ LT 5. FH2E T, IREENAEIC L > THREISN D F v X AN E G L T 2 5MEEtHE, Fimiiir s
1TV, BEEAHEORER T LB R OBREZEL L TV, HEI3ETIE, SERETORAZ 4 BRERAE
OFiNERG L THEBERMEEZIT, D /DoA™ ZHFIT D2 & (22T, DITREIN e WIEEOHiH) =W
52T L, ZOMPURBIEREZ O LT\ A, HBATETIE, HKBRT - RIBEXIE SR E LT, JRHEHO &M T8
T A—=BPEEIT, FUAIDICKT HERFECEER T IRB Hw D B2 35 L T\ 5. 258 IE [Conclusion and
future work] T»H Y, AMFIEDOERESHEORBEIIOWVWTIERITND.
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