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A Numerical Analysis of Laminar-Flow Heat Transfer to a
Fluid Flowing Axially between a Square Array of
Heated Cylinders with a Uniform Surface Temperature

Osamu MIYATAKE, Hiroyuki IWASHITA and Nobuhiro MIURA

This paper deals with the laminar-flow heat transfer to a fluid flowing axially between a square array of

heated cylinders with a uniform surface temperature.

The finite-difference form of the energy equation is solved numerically to obtain the axial variation of
temperature distribution by means of a forward-marching, implicit method with iteration, and typical results for
the arithmetic mean Nusselt number Nuam are presented graphically for the Graetz number Gz up to 10° and

spacing-to-diameter ratios ¢ of 1.0 to 4.0.

Furthermore, the numerical results of Nuam are compared at the same values of volume fraction of cylinders
€ with those obtained previously for a triangular array of cylinders with a uniform surface temperature. It is
realized that, in general, the rate of heat transfer for the triangular array is higher than that for the square

array, especially for the case € >0.5.
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Table 1  Values of §; for various spacing ratios
c=1.0 ¢ =1.001 g=1.01 g =1.02 6 =1.05 g=1.1
0, | —0.0803471 | —0.0805613 | —0.0824661 —0.0845302 | —0.0903578 | —0.0987211
P 0.0103832 0.0103348 0.0098719 0.0092996 0.0073105 0.0036595
83 0.0024491 0.0024778 0.0027090 0.0029151 0.0032105 0.0029108
84 | —0.0005010 | —0.0004856 | —0.0003418 | —0.0001832 0.0002065 0.0004653
&8s | —0.0003008 | —0.0003003 | —0.0002871 —0.0002552 | —0.0001197 0.0000243
86 | —0.0000376 | —0.0000407 | —0.0000622 | —0.0000740 | -0.0000579 | —0.0000114
87 0.0000243 0.0000226 0.0000076 | —0.0000052 | —0.0000158 | —0.0000053
Js 0.0000172 0.0000168 0.0000122 0.0000061 —0.0000028 | —0.0000016
d9 0.0000051 0.0000053 0.0000057 0.0000041 —0.0000001 - | —0.0000004
10| —0.0000002 0.0000001 0.0000015 0.0000016 0.0000002 | —0.0000001
S| —0.0000012 | —0.0000010 0.0000000 0.0000004 0.0000001 0.0000000
12| —0.0000008 | —0.0000007 | —0.0000003 0.0000001 0.0000001
13| —0.0000003 | —0.0000003 | —0.0000002 0.0000000 0.0000000
14 —0.0000001 | —0.0000001 —0.0000001
d1s5 0.0000000 0.0000000 0.0000000
6=1,2 g=1.5 6=2.0 6=3.0 g=4.0 g =00
81| —0.11042085 | —0.12259727 | —0.12509839 | —0.12537162 | —0.12538163 | —0.12538274
82| —0.00238680 | —0.00905979 | —0.01042810 | —0.01057717 | —0.01058263 | —0.01058324
J3 0.00156634 | —0.00020812 | —0.00057128 | —0.00061060 | —0.00061203 | —0.00061219
J4 0.00035002 0.00003327 | —0.00003177 { —0.00003873 | —0.00003898 | —0.00003901
ds 0.00005323 0.00000813 | —0.00000139 | —0.00000239 | —0.00000242 | —0.00000243
J¢ 0.00000641 0.00000120 | —0.00000002 | —0.00000015 | —0.00000015 | —0.00000015
7 0.00000057 0.00000015 0.00000001 | —0.00000001 | —0.00000001 | —0.00000001
d3g 0.00000001 0.00000002 0.00000000 0.00000000 0.00000000 0.00000000
&g | —0.00000001 0.00000000
d10 0.00000000
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Table 2 Values of Ajand 8; LR+ s0T, 1Y Twv=1%LAL, K
j A; v B, 22 DBEBRER VAL, Now ERNICHEET A &
Hhbrh,
1 | —8.0000000000% 107! 8.3333333333x 1072
. - Nuan= 2Gz/ 7 (24)

2 1.7777777778 8.9285714286 X 10

3 || —4.9230769231 1.4204545455% 1073 (KK)

4 1.5058823529%X10" | —2.6041666667X10~*

5 | —4.8761904762X10" 5.1398026316X10~° ' n

6 1.6384000000%X10% | —1.0614809783x10~°

7 | —5.6496551724 X 10? 2.2605613426 X 10~¢

8 1.9859393939%X10° | —4.9221900202X1077

9 | —7.0849729730%10° 1.0899135045% 1077
10 2.5575024390x10* | —2.4453187601X10~%
11 | —9.3206755556 % 10* 5.5446181164xX107°
12 | 3.4239216327X10° | —1.2681839340X 107° (1)
13 | —1.2662049811X10° 2.9217962835x 10710
14 4.7093939649X10° | —6.7732553417X 10" !
15 | —1.7602324984 X 107 1.5785125525%X 107 (a) 6 = 1.0
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Table 3 Values of & and A; for various volume

fractions
(a) Values of J;
€ =0.75 € =0.50 € =0.25

(¢=1.0233) | (¢=1.2533) { (0 =1.7725)
&1| —0.0852040 | —0.11442734 | —0.12463808
J2 0.0090971 | —0.00457097 | —0.01017677
J3 0.0029715 0.00099391 | —0.00050487
&4 | —0.0001323 0.00025185 | —0.00001998
ds | —0.0002417 0.00004072 0.00000031
86 | —0.0000752 0.00000543 0.00000019
d7 | —0.0000084 0.00000064 0.00000003
Os 0.0000044 0.00000006 0.00000000
ds 0.0000035 0.00000001
d10 0.0000015 0.00000000
dn 0.0000005
Oz 0.0000001
013 0.0000000

{b) Values of A;
€ =0.75 € =0.50 € =0.25

(¢=1.0996) | (¢ =1.3468) | (o =1.9046)
Ay —0.0415404 | —0.04956359 | —0.05049215
Ag 0.0028135 | —0.00041448 | —0.00080263
Aj 0.0003787 0.00003773 | —0.00001182
i 0.0000106 0.00000352 | —0.00000014
As | —0.0000025 0.00000020 0.00000000
Ag i —0.0000005 0.00000001
Az —0.0000001 0.00000000
Ag 0.0000000
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Fig. 6 Comparison of arithmetic mean Nusselt num-
ber between square array and triangular
array of cylinders
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