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Theoretical Research on Effect of Rolling Motion on Turbulent Flow
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(1. Department o f Nuclear Energy Science and Engineering , Naval Unversity of Engineering ,
Wuhan 430033, China;
2. School of Nuclear Science and Engineering » Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract; The turbulent flow in rectangular tube at rolling motion was investigated the-
oretically with Fluent code. The effects of several turbulent models and parameters on
the flow were analyzed. At rolling motion, the velocity profile in tube center is more av-
eraged. But the velocity gradient and frictional resistance coefficient on the wall in-
crease. The effect of rolling motion on the turbulent flow can be depressed by the tube
wall. At pitching motion, the velocity contour in small length-width ratio tube is in a
dumbbell shape. As to the turbulent flow in the paper, the frictional resistance coeffi-
cient at rolling motion is in inverse ratio with the power of 0. 47 of Reynolds number.
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Fig.1 Scheme of coordinate

TEFRARAME T i R A #Y Reynolds i £
J7 e Bl i 5 R AT TR O

., — a ., ——

—95+;’@@Z#ﬂaﬁ—laaz}k

ax oz Moz, ax 39 ax,
(7 -7 7
ij(—‘ou,-uj)JrF @)

Hors AR 70" 4y 1) 3 7R i X (E Ak 3
fHsu Bt HEFE 0 HEREE: p HIETTS
Zi e BN AEER AT BIRE B 2y oz ARARTT ] F Oy
LR TR E A R B BRI T W] ROR
F=pea=
pe[BXr+oxX(wXr +20Xul (2)
Hb o HEEEMEE B N FEE A MBS 5 r N
MAEHOT R .
3 H AT I Sy 1 125 I sl R R A = A pR B
Y T H A BN R
_ 27l 2mt

w = T cos T (3)
_ 4O 2wt
B= T2sin op 4)

1 T Fluent 48 CFD B o 3440 55 B
JII s DR » 75 SCRE S5 422 BRI 7 A 5 7 Y .25
o O S AR A A A 3 T — ik AT 2% AT
B 7 R U A ph % R /N A i A TR ) T8 i
B AT AR R R IZ SR 23 A i I P 25
4 A8 1912 SR L i FUR s 3 2 ORI
L8P A, DT AR SCHKAR 2R Fluent B4
HH A i LA 2R X i 3L O A ) 38 SRR BE AT 0
1.2 M#gxls

i L3 2 A BE Oy s TR 2. e 2
Hou, I BTYNE BE 5y O is SRS

M 2 AT H i I 5 T2 A A A 8K
JREN . g 1 T A F 10 52 PO i L 3 O A

ulu=2.5 In(uy/v)+5.45

ulu,

M2 I

ulu=uylv

“| R ER

In(uy/v)

2 i i L AR P oA
Fig. 2 Velocity profile of turbulent boundary layer



SE12IT BRI SR BRSO X I U S B4R R

1453

RE T F JEE 485 BHL 3 2% S0, Z000T BE T B 3 149 )
WEHEAT I o B BE T BT A AR X R R v R
ZONTF 1 ARJE LA L. 2 A% B0 BL SR AE 3 BE 7 X 3
HRUCB I o Xk 32 3 DX I I A A 7 SO 23 A
Jei » Ee 2 U XS A% BT B O 0.5 mm

2 HEER
2.1 iHmERAER

Fluent 5 CFD {1 #44 Z Fivii i 155 54 /] Xf
TRV E NSRRI S i = A N I R i
13BN ZE R AT BE A —FF A SCE P8 73 B AS R
RIMIT RS R2E . BT BB AL fa] A, T

1.6
12F o7
T;:\ 08_
g k-¢
§/ e . k-a)
0.4
O'O 1 1 1 1 1 1 1 1 1 ¢
-10-8—-6—-4-20 2 4 6 8 10

y/mm

B v R (RSVD A HP AR B o B0 AR b B
A 1734 8 PR AR 3CFE 250 B FLER ke
Il SEPIAD — 7 BRI Z R 22 57
X442 2% F T I A% S I HE A K )
Ph s AR B B OG0 4 458 25 1 Xk 3 40 A L 4 PR
SR o DT & AR S T2 B0 BT 4% 428 2% 1 X
L NSRS . BUR W T
Y ERLAH K B A% 4, Ly = 20 mm, L, =
2 mm, PR HE D O 1 m/s, BERE IR R A
15° BEHE IR 10 s, 438 1 AR P s 11 4
THT F A 2 4 S B 0 8l e L A R 10 R T
19 BE S REL ) R B Cr W AR A7 25 R AN 3 BT

B3 A [l i A2 1Y Ll A

Fig. 3 Comparison of different turbulent models
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Fig. 7 Flow characteristics at rolling and

pitching motions for big length-width ratio tube
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Fig. 8 Flow characteristics at rolling and pitching motions for small length-width ratio tube
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Fig. 9 Outlet velocity contour

of small length-width ratio tube at pitching motion
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