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Optimum conditions in cyclic operations
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Example: Determination of conditions for minimum total cost in a batch operation
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Scale formation in evaporators (Optimum operating time)

During evaporation operations, solids often deposit on the heat transfer surfaces forming a scale
The continuous scale formation causes a gradual increase in the resistance to heat flow and 
consequently a decrease in the rate of heat transfer and rate of evaporation
Under these conditions, the evaporator must be shut down and cleaned after an optimum 
operating time, and then the cycle is repeated
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Optimum flowrate of cooling water in condenser
In a condenser with water as the cooling medium, the cooling water may be circulated at a high rate 
with a small change in cooling water temperature or at a low rate with a large change in cooling water 
temperature

The temperature of the water affects the temperature difference driving force for heat transfer

Use of an increased amount of water will cause a decrease in necessary amount of heat transfer area 
and a decrease in the original investment and fixed charges

On the other hand, the cost of water will increase if more water is used

Therefore, an economic analysis has to be done between high water rate 
water rate – high surface area

Such an analysis shows that an optimum flowrate of cooling water occurs at the point of minimum 
total cost for cooling water and equipment fixed charges
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Optimum reflux ratio

The design of a distillation column is based on the degree of separation required for a feed 
supplied at a known composition, flow rate and temperature
The design engineer needs to determine the reflux ratio and then the size of the column to get 
the required specification
As the reflux ratio is increased, the number of theoretical stages required for a given separation 
decreases
An increase in the reflux ratio may result in lower fixed charges for the distillation column but 
larger costs for reboiler heat supply and condenser coolant
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The optimum reflux ratio occurs at the point where 
the sum of fixed charges and operating costs is a 
minimum. 
Usually it falls in the range of 1.1 tp 1.3 times 
minimum reflux ratio
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