


A Computer Heat Exchanger

Colin Simmons

This is documentation corresponding to my design of a heat exchanger (h.x.) whose purpose was to cool a computer.  If a computer is constructed and has multiple heat sources then it behooves us to find an economical way to cool these components.  I therefore tried to make a cheap h.x. for this.  It has been constructed to do the job but I will acknowledge that the h.x. could be improved substantially by making a few changes but due to time constraints and cost constraints these improvements will not be done.


The initial thing to consider is the temperature that you are trying to cool.  In my case this was a processor temperature, and it was 50 oC.  If your device is hotter then of course your temperature will need to be substituted.  I will be showing all equations in forms with only variables.  
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Eq.1


Here Thout is how cool you want to cool the device to.  Thin is the starting temperature.  Tcin the starting temperature of the “stuff” you want to soak up the heat, for me this was the starting temperature of water.  Tcout is the exit temperature of the “stuff”.  Cc and Ch and Cmin require some more information of the setup and many of these equations to follow will not necessarily be solved in order.  Now to the C terms. 
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Eq.2


M dot is the mass flow rate of the cool side of the h.x. or the hot side.  Cp is a physical property and must be looked up in a text.  Cmin is simply the smaller of Cc or Ch.

For me Cc = Cpwater * density of water * volume flow rate or
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Eq.3



Cc = (4183 J/kg K) (997.8 kg/m3) (120 Gallons/hr).  I had to look up the first two in a heat transfer text and the last came with my pump that I bought.  Note I had to convert the Gallons/hr to m3/sec to keep my units in good shape.  Cc = 525.9 W/sec.  Ch = 150.5 W/ sec.  Note to get the flow rate for my fan I had to put a bag with a known volume on to the fan then started it up and time it to fill the bag up.  This technique is not perfect but will do for this use.  A schematic for the h.x. is shown in figure 1. 

The first diagram is a view looking down at the h.x.  The second is a side view of the cool side of the h.x.  Notice this is a device similar to a radiator on a car.  Now to find out how large the pipes need to be.  It is of course desirable to have the greatest heat removed for your device so we will use an equation for maximum heat removal.  


[image: image4.png]BoxFan

Cool side Hx. (Water)

Case
Pipes





Figure 1.  Diagram of  the heat exchanger.
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Eq.4

Then we will also use an equation that will aid us in finding an area for our h.x.
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        Eq.5a, 5b

Note that F is a correction factor and must be determined using experimental data tables, which can be found in many heat transfer textbooks.  The table I used is for a crossflow h.x., because the h.x. being built is most like a crossflow h.x. U is the next issue and this is difficult to get most likely you will need to find a set of tables with U values in it.  I found such a table and chose a device that is similar to what I was making which listed U values from 350 to 700.  I decided to use 350 even though I thought that was a little low.  What will end up occurring if you chose a low U is the area you have to use is larger but that will not hurt the heat exchangers ability to transfer heat.  If you use to large a U then you might not have enough area to transfer heat across.  Once that is complete the area needed is easy to compute.  The area simply refers to the outside area of your pipes or tubes that you use.  My A=0.68 meters2.  This is not an insignificant area but if I had used a different fan or pump then this would be altered.  I would advise you to check your water pump that you buy for volume flow rate since the amount can be a little different.  Also your pump may not be a good one, it may have some parts that aren’t working right.  The pump I found had problems with it and needed to be replaced.


The effectiveness would be an interesting thing to know.  It will tell you how close to the maximum heat transferred you are.
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Eq.6

In this case my effectiveness is 0.83 or 83%.  Also note that this equation is only good for the case where Ch is also Cmin.  I throughout the process assumed that Ch is equal to Cmin, which is a good assumption since the hot side is using air and the cool side is water.  For the air to have a greater C value would require the air to have an immense flow rate as well as the water having a very small flow rate.  The primary thing that determines a C value is the density and the cp value, which are both physical properties.  So the flow rates can determine the C values but it is very difficult to alter these enough.  


The pipes used do matter but the cost is important.  Plastic is cheap and easier to install but copper tubing would be a lot better, copper allows heat to travel easily so this would allow the water to accept the heat better than plastic would.  In addition copper pipes would allow fins to be placed on the pipes easily.  Plastic tubing would probably be damaged too much to place fins on it.  The structural strength would be compromised and the chance for leakage would increase.  Fins are likely to be only available if you choose to use copper tubing.  This concludes my report, it should be enough to construct a h.x. given the proper tables and graphs that are easy to find.  
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