A new dialysis company is trying to prove that they have the best efficiency when it comes to removing urea from blood. You and your team have been tasked with constructing the optimal system for the removal of urea. Urea from previous patients tested with older system models has been preserved and saved for use during your tests. There is a limited supply of urea in water (15 L) that you have available, so use this water wisely. 
The main structure of the cart has already been determined, but the placement of the dialyzer, tubing for heating, and containers for waste fluids have not been determined. The new dialyzers use much more cost-effective materials, so you and your team can use up to three dialyzers in your design. 
[image: ]The engineers of the original system already set up the blood line heating system for you so the blood would be at the temperature of blood from the human body for testing. Use a similar method to set up the heating for the dialysate and connect the system to the dialysis tubing and dialyzer. A reference image of a prototype design is provided for your reference in Figure 1.Figure 1: Prototype design of dialysis machine

An additional reference sheet is provided with dialysis statistics and data to aid you in your design of and run throughs of the dialysis system. 
Following the design and construction of the system your team will test the dialyzer and calculate the amount of urea in the inlet and outlet blood and dialysate streams by using the refractometer. An excel sheet that correlates refractive indexes to concentrations of urea is available for use in analyzing the inlet and outlet streams.
In addition to building the system, your team will determine the following system characteristics:
1) Optimal flow rates for both blood and dialysate
2) Optimal temperature for dialysate stream
3) Volume of dialysate needed to purify blood with 250 mg/dL urea  
4) The average mass transfer area coefficient (KoA) for the dialyzer system at the optimal flow rates and temperature
Dialyzers sold individually have specific mass transfer area coefficients reported for specific flow rates and for specific substances. See if it can be assumed to be constant and what the statistical error is.  
Write a brief report to describe your design and the optimal parameters to purify an individual's blood with the amount of urea present in your water supply.  
There are some equations that you may not have encountered yet that will be necessary for your analysis. Ko is the mass transfer coefficient, and Kd is the clearance of a particular substance. 
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