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Geothermal	
  heat	
  pumps	
  are	
  a	
  complex	
  systems	
  
that	
  are	
  difficult	
  to	
  design,	
  analyze	
  and	
  opHmize.	
  
The	
  use	
  of	
  thermal	
  analysis	
  programs	
  can	
  ease	
  
this	
  design	
  process.	
  An	
  applicaHon	
  for	
  this	
  

process	
  is	
  not	
  currently	
  available.	
  	
  

Problem	
  Statement	
  

1 



ObjecHves	
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To	
  design	
  a	
  program	
  in	
  Engineering	
  Equa1on	
  Solver	
  
(EES)	
  that:	
  
•  Analyzes	
  a	
  geothermal	
  system	
  
•  UHlizes	
  engineering	
  economics	
  to	
  opHmize	
  pipe	
  

dimensions	
  and	
  flow	
  
•  Has	
  a	
  simple	
  user	
  interface	
  to	
  allow	
  easy	
  design	
  

modificaHons	
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EES	
  

•  EES	
  allows	
  convenient	
  
analysis	
  with	
  built	
  in	
  
thermodynamic	
  properHes.	
  	
  

•  Performs	
  unit	
  analysis	
  
•  Create	
  user	
  interface	
  

 
 



Δ	
  T	
  =	
  69	
  °F	
  
Wall	
  area	
  =	
  35,018	
  a2	
  

Roof	
  area	
  =	
  18,880	
  a2	
  

Window	
  area	
  =	
  4700	
  a2	
  

	
  
To	
  find	
  the	
  heat	
  loss	
  the	
  following	
  equaHon	
  was	
  used	
  for	
  each	
  unique	
  porHon	
  of	
  the	
  
building.	
  
	
  
Heat	
  loss	
  =	
  (U)(A)(ΔT)	
  	
  	
  
	
  
where	
  U	
  is	
  the	
  overall	
  heat	
  transfer	
  coefficient,	
  A	
  is	
  the	
  surface	
  area,	
  and	
  T	
  is	
  the	
  
difference	
  in	
  temperature.	
  	
  
	
  
Max	
  hea1ng	
  loadhand	
  calc	
  =	
  594	
  kBtu/hr	
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HeaHng	
  Load	
  



Components	
  
1.  Heat	
  Exchangers	
  
2.  Pump/Compressor	
  
3.  Pipes	
  and	
  Fiings	
  
4.  Valves	
  
5.  Working	
  Fluid	
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Geothermal	
  System	
  



•  Needs	
  to	
  overcome	
  system	
  
losses	
  (pipe	
  flow,	
  	
  

	
  	
  	
  	
  bends,	
  valves)	
  

•  Pump	
  curves	
  
•  OperaHng	
  level	
  of	
  pump	
  

•  System	
  curve	
  
•  OperaHng	
  level	
  of	
  system	
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Pump/Compressor	
  



•  Types	
  
•  Shell	
  &	
  Tube	
  
•  Double-­‐Pipe	
  
•  Plate	
  and	
  Frame	
  

•  Uses	
  
•  Evaporator	
  
•  Condenser	
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Heat	
  Exchanger	
  



•  Size	
  requirements	
  (Heat	
  exchanger	
  and	
  pumps)	
  
•  Output	
  temperature	
  range	
  
•  Geothermal/boiler	
  combined	
  system	
  
•  Spirit	
  Center	
  validaHon	
  data	
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InformaHon	
  Request	
  



Time	
  Line	
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•  February	
  28	
  –	
  Model	
  individual	
  components	
  
•  March	
  12	
  –	
  Integrate	
  components	
  into	
  a	
  system	
  
•  March	
  22	
  –	
  Evaluate	
  heat	
  exchanger	
  types	
  
•  April	
  1	
  –	
  System	
  model	
  validaHon	
  
•  April	
  12	
  	
  –	
  OpHmized	
  system	
  design	
  	
  	
  
•  April	
  24	
  –	
  Final	
  presentaHon	
  and	
  report	
  	
  
•  April	
  25	
  –	
  Expo	
  poster	
  	
  
•  May	
  2	
  –	
  Design	
  Expo	
  	
  
 


