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Numerical Analysis on the Fully Developed Laminar Heat
Transfer in an Eccentric Annulus with a Moving Core
(Fundamental Solutions of the Second Kind Boundary Condition)

by

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

Fundamental solutions of the second kind boundary condition were obtained numerically by a finite

difference method in the bipolar coordinates system for the hydrodynamically and thermally developed

laminar flow in an eccentric annulus with an axially moving core.

Heating conditions of the second

kind are (1) on one wall, constant axial as well as peripheral wall heat flux is specified ; (2) the other

is insulated. The effects of the relative velocity of the core, the eccentricity of the annulus and the

radius ratio on the temperature and Nusselt numbers have been investigated. It is shown that the

peripheral non-uniformities of temperature are significantly increased with increasing eccentricity and

that the resulting Nusselt numbers decrease with increasing values of the eccentricity.
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Table 1 Comparison of the average Nusselt num-
bers Nuu and Nuoo for the case of a sta-
tionary core (U*=0) with Trombetta’s
numerical results (Shah and London")

U*=0 Present study Trombetta
a & N_uu Nuoo N—uu Nuuo
0.2 0.2 7.136 4.220 7.136 4.221
0.4 5.141 3.346 5.140  3.347
0.6 3.837 2.933 3.836 2.932
0.8 2.973 2.837 2.971 2.831
0.9 2.576 2.843 2.578 2.829
0.5 0.2 3.218 2.645 3.218 2.645
0.4 1.552 1.353 1.552 1.353
0.6 1.005 0.9710 1.005 0.971
0.8 0.7515 0.8369 0.7516 0.837
0.9 0.6513 0.7935 0.6514 0.794
0.8 0.2 0.5670 0.5310 0.5670" 0.5631
0.4 0.1927 0.1344 0.1927 0.184
0.6 0.1173 0.1164 0.1173 0.116
0.8 0.08807 0.09183 0.0881 0.092
0.9 0.07726  0.08306 0.0774 0.083
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Fig. 4 Dimensionless temperature profiles in the plane of symmetry across the eccentric annular duct

for ¢=0.2.
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Fig. 5 Dimensionless temperature profiles in the plane of symmetry across the eccentric annular duct
for a=0.5.
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{(b) Case B

Fig. 6 Dimensionless temperature profiles in the plane of symmetry across the eccentric annular duct

for a=0.8.
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Table 2 Numerical values of average Nusselt numbers, Nuu and Nuoo

a=0.2
Ut=—-2 Ur=-1 U*=0 U*=+1 U*=+2 U¥=+3
€ Nuw Netoo Nuy Nitoo Nu Nitw | Nuv N | Nn Nitwo | Nuw  Notoo
0.0 6.938 5.982 7.667 5.446 8.499 4.883 9.447 4.334 1 10.53 3.825 | 11.75 3.368
0.01 6.933 5.971 7.663 5.440 8.495 4.879 9.444 4.332 | 10.53 3.824 | 11.75 3.368
0.05 6.812 5.779 7.550 5.334 8.393 4.829 9.356 4.312 | 10.46 3.819 | 11.71 3.367
0.1 6.466 5.266 7.223 5.037 8.095 4.682 9,100 4.254 | 10.25 3.803 | 11.57- 3.364
0.15 5.979 4,623 6.752 4.632 7.655 4.468 | 8.709 4.165 | 9.931 3.778 | 11.33 3.360
0.2 5.439 3.999 6.215 4.200 7.136 4.220 8.230  4.056 { 9.521 3.745 | 11.02 3.354
0.3 4.431 3.044 5.165 3.448 6.067 3.732 7.180 3.814 | 8.545 3.666 | 10.20 3.336
0.4 3.660 2.474 4,316 2.934 5.141 3.346 6.186 3.592 | 7.514 3.579 | 9.191 3.312
0.5 3.118 2.165 3.686 2.628 4.408 3.086 5.335 3.418 | 6.535 3.495 | 8.090 3.282
0.6 2.738 2.020 3.223 2.471 3.837 2.933 4.623 3.294 | 5.643 3.417 | 6.972 3.246
0.7 2.461 1.985 2.867 2.415 3.375 2.858 4,015 3.210 | 4.833 3.346 | 5.884 3.205
0.8 2.239 2.026 2.570 2.431 2.973 2.837 3.468 3.153 | 4.081 3.275 | 4.845 3.156
0.9 2.028 2.126 2.280 2.493 2.576 2.843 2.926 3.101 | 3.341 3.194 | 3.833 3.089
0.95 1.899 2.189 2.107 2.529 2.345 2.841 2.619 3.063 | 2.935 3.135 | 3.297 3.036
=05
Ur=-2 Ur=-— U*=0 Ur=+1 Ut=+2 | U*=+25

Nus  Ntw | Nuw  Nitw | Nuw  Nuw | Newn N | Nuw  Nuoy | Nun  Notoo

4.289 6.479 5.117 5.803 6.181 5.037 |7.559 4.291 {9.353 3.626 |10.44 3.330
4.272 6.422 5.101 5.773 6.166 5.023 | 7.547 4.287 |9.354 3.625 |10.44 3.330
3.905 5.322 4.734 5.155 5.820 4.740 |7.254 4.188 |9.148 3.604 [10.30 3.323
3.095 3.503 3.881 3.890 4.966 4,046 |6.481 3.912 |8.586 3.540 |9.901 3.302
2.330 2.281 3.018 2.807 4.023 3.287 |5.528 3.541 |7.795 3.439 19.290 3.266
1.765 1.579 2.339 2.069 3.218 2.645 |4.619 3.149 [6.914 3.311 |8.537 3.215
1.113 0.9189 | 1.507 1.277 2.142 1.801 [3.234 2.469 |5.253 3.007 |6.874 3.073
0.8008  0.6529 | 1.087 0.9241 | 1.552 1.353 [2.371 1.990 13.957 2.684 |5.316 2.878
0.6392  0.5314 | 0.8602 0.7523 | 1.215 1.109 [1.830 1.670 |3.013 2.375 |4.030 2.639
0.5489  0.4750 | 0.7270  0.6657 | 1.005 0.9710 |1.471 1.452 |2.325 2.091 |3.033 2.370
0.4950  0.4532 | 0.6415  0.6240 | 0.8617  0.8892 |1.212 1.294 |1.810 1.830 [2.273 2.081
0.4595  0.4523 | 0.5796  0.6074 | 0.7515  0.8369 |1.007 1.167 |1.406 1.584 |1.690 1.782
0.4299  0.4638 | 0.5244  0.6023 | 0.6513  0.7935 |0.8251 1.046 |1.068 1.337 |1.224 1.471

(2] L =

DD O DD OO OO D OO D
WO 1IN W RO |0

5 | 0.4114 0.4702 0.4915 0.5975 0.5945 0.7649 |0.7285 0.9731(0.9034 1.198 |1.010 1.297
a=0.8
U*=-2 U*=-1 U*=0 U*=+1 U*=+2

Nuy Nitoo Nus Ntoo Nuy Nuow | Nus Nt | Nuw  Notoo

3.507 6.808 4.377 6.089 5.578 5.237 | 7.270 4.404 |9.675 3.669
3.373 6.258 4.239 5.797 5.447 5.112 |7.162 4.364 |9.616 3.662
1.766 2.140 2.423 2.705 3.485 3.259 |5.286 3.585 |8.385 3.498
0.7214  0.7140 | 1.052 1.032 1.659 1.548 |2.929 2.317 |5.988 3.069
0.3735  0.3489 | 0.5548  0.5226 | 0.9045  0.8448 |1.704 1.478 |4.057 2.549
0.2305  0.2108 | 0.3442  0.3194 | 0.5670  0.5310 |1.094 0.9987 |2.796 2.026
0.1206  0.1091 | 0.1795  0.1657 | 0.2948  0.2786 |0.5679 0.5470 1.480 1.334
0.08110  0.07371| 0.1194  0.1109 | 0.1927  0.1844 |0.3606 0.3583|0.8891 0.8926
0.06333  0.05817 | 0.09167 0.08627 | 0.1442  0.1403 |0.2582 0.2632 | 0.5827 0.6227
0.05439 0.05073 | 0.07704 0.07375| 0.1173  0.1164 |0.1990 0.2077|0.4043 0.4496
0.04969 0.04726 | 0.06853 0.06703| 0.1003  0.1013 |0.1600 0.1710{0.2904 0.3319
0.04714 0.04594 | 0.06297 0.06319 | 0.08807 0.09183|0.1310 0.1436|0.2117 0.2470
0.04540  0.04561 | 0.05832 0.06039| 0.07726 0.08306 | 0.1062 0.1196 | 0.1525 0.1809

52 U

DD OO D DD DO DO DD
OO ~IDUT W DO O

BEIEZTL I LRTRLUTHELRT 5. Transfer, Supplement 1, Academic Press, New
York, 284-340 (1978).

& E X 2) Shigechi, T., Kawae, N. and Lee, Y., “Turbu-

1) Shah, R. K. and London, A. L., “Laminar Flow lent Fluid Flow and Heat Transfer in Concen-

Forced Convection in Ducts”, Advances in Heat tric Annuli With Moving Cores”, Int. J. Heat
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