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Abstract

This work involves the investigation of a heat storage tank based on the
principle of sensible heat thermal energy storage technique using a tube
material: steel, copper, brass or aluminum as a storage medium for their high
heat storage capacity.

A mathematical model has been developed to predict the performance of
the storage unit during the period of discharge from the storage tank. The
discharge process was assumed as a fast isentropic expansion for air as a perfect
gas from a pressurized tank during the operating of a transonic blowdown
tunnel. The airflow was passed through the thermal matrix, which composed of
(130) smooth surface thin-wall tubes with (14.05 mm) inner diameter as a
bundle. The model was based on solving the unsteady stale energy equation
together with the lumped heat capacity equation in one-dimensional flow with
appropriate boundary conditions using explicit finite differences to find the air
and tube wall temperatures as a function of time and axial tube distance. During
the fast expansion, the temperature drops quickly. So that the aim of this
research 1s to study the capability of using the tubes bundle heat exchanger as a
means to stabilize the temperatures drop as much as possible. The relations were
formulated for predicting the drop or rise in temperatures inside a storage tank
and running time of application when the initial conditions for air and tubes, air
flow rate and final stagnation pressure inside the tank were specified.

The analysis was made Lo investigate the heat transfer between the bundle
of tubes and the fully developed incompressible turbulent airflow inside the
tubes. Heat transfer coefficients between the tank and tubes walls within and the
flowing air adjacent to them has been calculated by using the well-known
empirical relations for forced convection heat transfer.

Computer program in Fortran-90 has been constructed to calculate the
temperature distribution along the storage tank and thermal matrix within it
continuously. The computer program is made to handle the flow inside the
smooth tube surfaces exposed 1o forced convection heat transfer.

A good agreement is found between the model predictions and the
available experimental measurement which was made by M.B.Abdul-Gafoor [6]
with nearly the same mass flow rates and initial temperatures for the system
during the running time. It was found that the best metal of tubes in the heat
capacity and thermal efficiency is steel, copper, brass and aluminum
respectively. But the aluminum is preferable because of its low cost, lightweight
and corrosion-resistant under humid conditions. Different mass flow rates from
the tank exit were selected; 0.5, 0.75, 1.0, 1.25 and 1.5 kg/s respectively to
simulate the actual system behavior that determined the long of running time
period. Also different initial temperatures; 288, 298, 305 and 313 k were

resp ectwc]‘; chosen to show their effect on the final temperature values.
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