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Abstract

Heating processes are one of the most widely used unit operations in the food industry.
But in most cases the lack of efficient equipment and adequate control of operating
conditions, leads to over processing and reduction of food quality, increase in energy
consumption and environmental pollution. In this study, in order to evaluate the energy
consumption, a heating system consisting four main parts: mechanical, electrical, digital
and software were designed and built. Shell and tube heat exchanger was optimized
based on a new theory. The heat exchanger equipped with 13 stainless steel tubes
arranged in 5 rows of triangular pattern. PT100 inline temperature sensors were used for
monitoring the heating fluid and liquid food temperature changes during the process.
The operation of stainless steel centrifugal pumps was controlled by a N700E vector
inverter. Energy consumption of pumps and heater was observed by installing a digital
counter. To link together the various parts of the system, a program was written in basic
language and then by using bascom compiler, this program was transferred to an
ATMEGA32A microcontroller. Sending commands via computer and data analysis,
was performed by visual studio applications. Our results showed that through accurate
control of process temperature and time by the designed software, in addition to get
better quality products, energy consumption was reduced to about 0.3. The heat transfer
rate of 6Lmin” hot water in constructal heat exchanger was calculated to be about 1.9
kJs"'. While this parameter in conducted experiments was equal to 1.7 kJs™'. Comparing
these two data confirms computational accuracy and efficiency of the designed heat
exchanger. The heat transfer coefficient of conventional and constructal design was
1400 Wm™K™" and 2600Wm™ K", respectively. This is why the cost for providing heat
transfer area was reduced in this heat exchanger. In addition, operating costs including
energy of fluids pumping was minimized too. Thus, using the constructal theory, overall
cost could be reduced by 50-40%.

Keywords: digital counter, microcontroller, PT100 sensors, structural steel shell and
tube heat exchanger, vector inverter
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