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Abstract—Pressure drop and heat transfer characteristics, in the form of f-Re and Nu respectively, of hydrodynami-
cally developed laminar flow through a square channel containing a bundle of 25 tubes with a uniform surface tempera-
ture are studied by solving the momentum and energy balance equations in finite difference forms, using a forward
marching implicit finite difference method. In this work, the influences of the tube pitch on the friction factor and
the Nusselt number of the 55 tube bundles with a constant tube diameter are investigated. At a fixed tube diameter
the value of {-Re increases with increasing the tube pitch and then decreases as the tubes approach the shell wall.
Léveque type asymptotic solutions for predicting the heat transfer coefficient for thermal entrance region are valid
only in the range of very large Graetz number, if the tube pitch is very small. In this case the slope of the curves
in log Nu vs. log Gz diagram is partly greater than 1/3. The impact of the tube pitch on the heat transfer rate
is great in case of the small tube pitch. The Nusselt number of the smaller tube pitch for the fully developed flow
is about 10 times as small as that for the larger tube pitch.
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Fig. 1. Diagram of square and triangular array and its symmetrical
sectors.
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: central subchannel D : wall subchannel Ej : corner subchannel

Fig. 2. Typical geometrical arrangements of tube bundles(triangular
array in cylindrical channel and square array in square chan-
nel).
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Fig. 3. The symmetry sector of 5X5 tube bundle.
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Fig. 10. Local Nusselt number of various 5X5 tube bundles(d;/2H=
0.1397) with different ratios of pitch-to-diameter[lines from
Eq. (26), symbols from Eq. (23)].
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¢, :specific heat [J/kg K]

dr, Dr: tube diameter [m], [-]

d,, D; : hydraulic equivalent diameter [m], [-]
f  :friction factor [-]

H :length [m]

AE7

=

: thermal conductivity [m?/s]

:number of tubes [-]

: pressure [atm]

: pitch [m]

: radius [m], [-]

: ratio of the grid space [-]

: temperature [K], [-]

, V:velocity [m/s], (-], [-]
: x-coordinate [m], [-]

Zz

~

S X ESWLWD VD
®

: x-coordinate [m], [-]

z, Z :axis of the 5X5 rod bundle [m], (-]

Uiy Brws Y Ony O KP, ¥ : coefficients of the finite difference
equations [-]

u  :viscosity [kg/ms]

p :density [kg/m*]

Gz :Graetz number

Nu : Nusselt number

Pr :Prandtl number

Re :Reynolds number

N oo

SHYAL

av  :average value
i : inlet

s : shell

T  :tubes

x  :local value

w :wall

BHoEH

1. Johannsen, K.: “Longitudinal Flow over Tube Bundles, Low
Reynolds Number Flow Heat Exchangers”, ed. Kakac, S,
Shah, R. K. and Bergles, A. E., Hemisphere, New York(1983).

2. Rehme, K.: Chap 7, “Convective Heat Transfer over Rod Bun-
dles”, Handbook of Single-Phase Convective Heat Transfer,
ed. Kakac, S., Shah, R. K. and Aung, W.(1987).

3. Miyatake, O. and Iwashita, H.: Int. Chem. Eng, 28(3), 461
(1988).

4. Miyatake, O. and Iwashita, H.: Int. /. Heat Mass Transfer, 33
(3), 417(1990).

5. Miyatake, O. and Iwashita, H.: Int. /. Heat Mass Transfer. 34
(1), 322(1991).

6. Kim, W. K., Martin, H. and Gnielinski, V.: Chem. Eng. Proc.,
32(2), 99(1993). .

7. Kim, W.K.: “Waermeuebergang und Durckverlust in Lae-
ngsdurchstroemten Rohrbuendelwaermeuebertragern”, Dr.-
Ing. Thesis, Uni. Karlsruhe, Germany, VDI-Verlag GmbH,
Duesseldorf(1994).

8. Benodekar, R. W. and Date, A. W.: Int. J. Heat and Mass Trans-
fer, 21(7), 935(1978).

9. Schluender, E.U.: Chem. Eng. Sci, 32(8), 845(1977).

10. Shah, R. K. and London, A. L.: “Laminar Flow Forced Convec-
tion in Ducts, A Source Book for Compact Heat Exchanger
Analytical Data, Advances in Heat Transfer”, Academic Press,
New York(1978).



