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An Exact Solution for the Fully Developed Laminar Fluid
Flow in an Eccentric Annulus with a Moving Core

by
Toru SHIGECHI*, Satoru MOMOKI* and Y. LEE**

An exact solution for the fluid velocity distribution was obtained analytically in the bipolar coordi-
nates system for the fully developed laminar fluid flow in an eccentric annulus with an axially moving
core. The effects of the relative velocity of the core, the eccentricity of the annulus and the radius
ratio on the fluid velocity and wall shear stress distributions as well as the friction factor have been
investigated. It is shown that the peripheral non-uniformities of fluid velocity and wall shear stress

distributions are significantly increased with increasing eccentricity and that the resulting friction

factors decrease with increasing values of the eccentricity and the relative velocity.
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Table 1 Numerical values of M*

a\e| 0.00 0.05 0.10 0.20 0.30 0.40

0.50 0.60 0.70 0.80 0.90 0.99

0.001}8.55236e-1 8.55906e-1 8.57905e-1 8.65772¢-1 8.78417e-1 8.95136e-1
0.050/6.69526e-1 6.70765e-1 6.74469e-1 6.89097¢-1 7.12809¢-1 7.44590e-1
0.100|5.80048e-1 5.81377e-1 5.85353e-1 6.01083e-1 6.26692e-1 6.61256e-1
0.150{5.07245e-1 5.08564e-1 5.12512e-1 5.28156e-1 5.53711e-1 5.88394e-1
0.200(4.43518e-1 4.44776e-1 4.48542e-1 4.63485e-1 4.87967e-1 5.2134%-1
0.250|3.86237e-1 3.87404e-1 3.90899%e-1 4.04784e-1 4.27592e-1 4.58820e-1
0.300]3.34169e-1 3.35228e-1 3.38402e-1 3.51023e-1 3.71803e-1 4.00359e-1
0.350|2.86644e-1 2.87587e-1 2.90414e-1 3.01665e-1 3.20227e-1 3.45816e-1
0.400(2.43260e-1 2.44085e-1 2.46555e-1 2.56398e-1 2.72667e-1 2.95157e-1
0.45012.03762e-1 2.0446%-1 2.06587e-1 2.15034e-1 2.29018e-1 2.48397e-1
0.500{1.67979e-1 1.68572e-1 1.70352e-1 1.77452e-1 1.89222e-1 2.05569e-1
0.550{1.35794e-1 1.36281e-1 1.37741le-1 1.43571e-1 1.53247e-1 1.66709e-1
0.600{1.07126e-1 1.07515e-1 1.0868le-1 1.13337e-1 1.21074e-1 1.31853e-1
0.650(8.19176e-2 8.22177e-2 8.31176e-2 8.67135e-2 9.26929e-2 1.01035e-1
0.700]6.01266e-2 6.03485e~2 6.10140e-2 6.36737e-2 6.80996e-2 7.42809e-2
0.750(4.17240e-2 4.18788e-2 4.23432e-2 4.41999e-2 4.72911e-2 5.16119e-2
0.800{2.66888e-2 2.67882e-2 2.70865e-2 2.82794e-2 3.02664e-2 3.30453e-2
0.850{1.50066e-2 1.50627e-2 1.52309e-2 1.59038e-2 1.70249e-2 1.85936e-2
0.900{6.66790e-3 6.69287e-3 6.76777e-3 7.06738e-3 7.56664e-3 8.26546e-3
0.950|1.66674e-3 1.67299e-3 1.69173e-3 1.76671e-3 1.89167e-3 2.06659-3
0.999/6.66667¢-7 6.69167e-7 6.76667e-7 7.06667e-7 7.56667e-7 8.26667e-7

9.14927e-1 9.36477e-1 9.58132e-1 9.77838e-1 9.93012e-1 9.99843e-1
7.82995e-1 8.26115e-1 8.71525e-1 9.16198e-1 9.56348e-1 9.84688e-1
7.03464e-1 7.51598e-1 8.03501e-1 8.5653%e-1 9.07562e-1 9.48748e-1
6.31098e-1 6.80384e-1 7.34470e-1 7.91223e-1 8.4816%-1 8.97290e-1
5.62738e-1 6.10976e-1 6.6464%-1 7.22090e-1 7.81393e-1 8.34615e-1
4.97768e-1 5.43537e-1 5.95035e-1 6.50988e-1 7.09954e-1 7.64286e-1
4.36158¢e-1 4.78519e-1 5.26622e-1 5.79513e-1 6.36119%-1 6.89266e-1
3.78040e-1 4.1639%6e-1 4.60285¢-1 5.09007e-1 5.61779e-1 6.12025e-1
3.23580e-1 3.57602e-1 3.96768e-1 4.40590e-1 4.88507e-1 5.34627e-1
2.72977e-1 3.02510e-1 3.36697e-1 3.75194e-1 4.17614e-1 4.58793e-1
2.2636le-1 2.51434e-1 2.80588e-1 3.13593e-1 3.5018%-1 3.85958e-1
1.83873e-1 2.04635e-1 2.28867e-1 2.56421e-1 2.8712%-1 3.1731le-1
1.45627e-1 1.62329e-1 1.81883e-1 2.04199e-1 2.29174e-1 2.53832e-1
1.11712e-1 1.24687e-1 1.39916e-1 1.57347e-1 1.76923e-1 1.96320e-1
8.22027e-2 9.18461e-2 1.03188e-1 1.16202e-1 1.30856e-1 1.45420e-1
5.71554e-2 6.39128e-2 7.18733e-2 8.10244e-2 9.13517e-2 1.0163%-1
3.66136e-2 4.09678e-2 4.61037e-2 5.20162e-2 5.86998e-2 6.5368%¢-2
2.06090e-2 2.30703e-2 2.5975%-2 2.93246e-2 3.31144e-2 3.69009e-2
9.16367e-3 1.02611e-2 1.15575e-2 1.30525e~2 1.47459%e-2 1.64392e-2
2.29149e-3 2.56633e-3 2.89112e-3 3.26582e-3 3.69043e-3 4.11522e-3
9.16667e-7 1.02667e-6 1.15667e-6 1.30667e-6 1.47667e-6 1.64676e-6

% limM*=1, limM*=0

Table 2 Numerical values of E*

a\e| 0.00 0.05 0.10 0.20 0.30 0.40

0.50 0.60 0.70 0.80 0.90 0.99

0.001{7.23814e-2 7.2226%-2 7.17632e-2 6.99042e-2 6.67900e-2 6.23948e-2
0.050(1.64398e-1 1.64144e-1 1.63383e-1 1.60330e-1 1.55205e-1 1.47952e-1
0.100{2.07046e-1 2.06786e-1 2.06004e-1 2.02870e-1 1.97613e-1 1.90182e-1
0.150|2.4053%-1 2.40287e-1 2.39528e-1 2.36486e-1 2.31388e-1 2.24193e-1
0.200{2.69001e-1 2.68762e-1 2.68043e-1 2.65165e-1 2.60347e-1 2.53555e-1
0.250{2.94007e-1 2.93784e-1 2.93115e-1 2.90434e-1 2.85950e-1 2.79637e-1
0.300{3.16391e-1 3.16185e-1 3.15569e-1 3.13101e-1 3.08976e-1 3.03173e-1
0.35013.36670e-1 3.36483e-1 3.35921e-1 3.33670e-1 3.29910e-1 3.24627e-1
0.40013.55202e-1 3.55033e-1 3.54525e-1 3.52491e-1 3.49094e-1 3.44324e-1
0.450{3.72250e-1 3.72098e-1 3.71643e-1 3.69820e-1 3.6677%-1 3.62511e-1
0.50013.88014e-1 3.87880e-1 3.87476e-1 3.8585%-1 3.83161e-1 3.79377e-1
0.550{4.02657e-1 4.02538e-1 4.02184e-1 4.00765e-1 3.98398e-1 3.95080e-1
0.600|4.16308e-1 4.16205e-1 4.15898e-1 4.14669%-1 4.12619%e-1 4.09745e-1
0.650{4.29076e-1 4.28988e-1 4.28726e-1 4.27678e-1 4.25931e-1 4.23483e-1
0.700{4.41052e-1 4.4097%-1 4.40761e-1 4.39886e-1 4.38426e-1 4.36383e-1
0.750{4.52315e-1 4.52256e-1 4.52079%-1 4.51368e-1 4.50184e-1 4.48525e-1
0.800{4.62932e-1 4.62886e-1 4.62748e-1 4.62194e-1 4.61271e-1 4.59978e-1
0.850(4.72961e-1 4.72927e-1 4.72826e-1 4.72421e-1 4.71747e-1 4.70802e-1
0.900{4.82453e-1 4.82431e-1 4.82365e-1 4.82102e-1 4.81664e-1 4.81050e-1
0.950(4.91453e-1 4.91442e-1 4.91410e-1 4.91282e-1 4.91068e-1 4.9076%e-1
0.999]4.99833e-1 4.99833e-1 4.99832e-1 4.99830e-1 4.99826e-1 4.99820e-1

5.66769e-2 4.95703e-2 4.09668e-2 3.06694e-2 1.82285e-2 3.52991e-3
1.38479e-1 1.26646e-1 1.12232e-1 9.48740e-2 7.38856e-2 5.05854e-2
1.80496e-1 1.68436e-1 1.53824e-1 1.36388e-1 1.15687e-1 9.36084e-2
2.14835e-1 2.03222e-1 1.89221e-1 1.72640e-1 1.53195e-1 1.32878e-1
2.44740e-1 2.33831e-1 2.20732e-1 2.05310e-1 1.87378e-1 1.68873e-1
2.71458e-1 2.61361e-1 2.49277e-1 2.35112e-1 2.18742e-1 2.01987e-1
2.95667e-1 2.86419e-1 2.75380e-1 2.62484e-1 2.47650e-1 2.32553¢-1
3.17800e-1 3.09404e-1 2.99402e-1 2.87750e-1 2.74393e-1 2.60855e-1
3.38168e-1 3.30606e-1 3.21614e-1 3.11161e-1 2.99210e-1 2.87135e-1
3.57006e-1 3.50252e-1 3.42232e-1 3.32925e-1 3.22306e-1 3.11602e-1
3.74501e-1 3.68523e-1 3.61433e-1 3.53216e-1 3.43856e-1 3.3443%-1
3.90806e-1 3.85570e-1 3.79365e-1 3.72182e-1 3.64011e-1 3.55801e-1
4.06046e-1 4.01518e-1 3.96155e-1 3.89953e-1 3.82903e-1 3.75829e-1
4.20332e-1 4.16476e-1 4.11913e-1 4.06638e-1 4.00649%e-1 3.94643e-1
4.33753e-1 4.30537e-1 4.26732e-1 4.22337e-1 4.17348e-1 4.12350e-1
4.46392e-1 4.43783e-1 4.40697e-1 4.37134e-1 4.33093e-1 4.29045e-1
4.58316e-1 4.56284e-1 4.5388le-1 4.51107e-1 4.47962e-1 4.44813e-1
4.69588e-1 4.68103e-1 4.66348e-1 4.64323e-1 4.62027e-1 4.59728e-1
4.80261e-1 4.79297e-1 4.78157e-1 4.76842e-1 4.75351e-1 4.73859e-1
4.90384e-1 4.89914e-1 4.8935%-1 4.88718e-1 4.87991e-1 4.87265e-1
4.99812e-1 4.99803e-1 4.99792e-1 4.99780e-1 4.99766e-1 4.99752e-1
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3. 1 NSA—HEH
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—oL U< U4=1/E,

DT A= FRETHT > T2 2. 28, Ui, e=0(H
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d2)=0k7%% U*QETHY, ZOIE% Table 3125

Table 3 Numerical values of U%

a 0.001  0.050 0.100  0.150  0.200 0.250 0.300  0.350  0.400  0.450  0.500
& ]13.8157 6.08281 4.82984 4115732 3.71746 3.40128 3.16065 2.97027 2.81530 2.68637 2.57723
a 0.500 0.550 0.600 0.650  0.700 0.750 0.800  0.850  0.900 0.950  0.999

Ué% |2.57723 2.48351 2.40207 2.33059 2.26730 2.21085 2.16014 2.11434 2.07274 2.03478 2.00067

¥ lim U&= +o0, limU&=2
a-0 a-1
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7. T DIERTHEE (wfun) ORTETT. E=0LE=1
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3. 2 REOREDH
Fig. 4 3R OBRRIRE ONFE (Fig. 1 Ox#) Lo

(a) a =02

(b) @ =05

Fig. 4 Dimensionless flow velocity profiles in the
plane of symmetry across the eccentric
annular duct. (a) @=0.2.

Fig. 4 Dimensionless flow velocity profiles in the
plane of symmetry across the eccentric
annular duct. (b) @=0.5.
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(c)a=08 .

Fig. 4 Dimensionless flow velocity profiles in the
plane of symmetry across the eccentric
annular duct. (c) ¢=0.8.
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Fig. 5 Peripheral distributions of local wall shear stresses at the inner and outer walls for ¢=0.5. (a) U*= —2,
(b) U*¥=—1, (c) U*=0. ‘
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Fig. 5 Peripheral distributions of local wall shear stresses at the inner and outer walls for a=0.5. (d) U*=+1,
(e) U¥=+2, (f) U*=+25.
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Fig. 6 Effect of the relative velocity U* on the

factor f-Re vs. the eccentricity € for a=
. 0.2, 0.5 and 0.8.
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Fig. 7 Effect of the relative velocity U* on the
friction factor ratio f/fe=o vs. the eccentric-
ity € for a=0.5.
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Fig. 8 Effect of the radius ratio @ on the friction
“factor ratio f/fe=o vs. the eccentricity & for
U*=—oc0, —2, 0 and +2.
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