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Mo0va0on	
  
	
  The	
  possibility	
  of	
  magne@c	
  heat	
  pumps	
  (HPs)	
  industrializa@on	
  	
  

depends	
  on	
  their	
  ability	
  to	
  provide	
  sufficient	
  hea@ng	
  power	
  with	
  
compe@@ve	
  COP.	
  Conven@onal	
  HPs	
  provide	
  from	
  few	
  to	
  tens	
  of	
  kW.	
  To	
  
make	
  it	
  achievable	
  with	
  magne@c	
  HPs,	
  we	
  proposed	
  cascading	
  [1],	
  
which	
  also	
  may	
  reduce	
  losses,	
  Fig.	
  1.	
  Here	
  the	
  more	
  prac)cal	
  cascading	
  
design	
  is	
  studied:	
  we	
  develop	
  a	
  general	
  numerical	
  rou@ne	
  to	
  model	
  
cascading	
  and	
  apply	
  it	
  to	
  a	
  three-­‐heat	
  pump	
  cascade,	
  Fig.	
  2.	
  

Figure	
  1.	
  Mo0va0on:	
  magne0c	
  HP	
  for	
  building	
  hea0ng.	
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Design	
  
1.  The	
  total	
  HP	
  system	
  (Fig.	
  1):	
  12	
  Ac@ve	
  Magne@c	
  Regenerator	
  beds	
  

(AMRs)	
  on	
  a	
  plaYorm	
  inside	
  a	
  rota@ng	
  magnet.	
  	
  
2.  No	
  cascading:	
  AMRs	
  are	
  connected	
  in	
  parallel	
  to	
  the	
  same	
  pump	
  
3.  Cascading:	
  6	
  pumps	
  are	
  now	
  connected	
  to	
  each	
  other	
  
4.  Transfer	
  from	
  no	
  cascading	
  to	
  cascading	
  is	
  shown	
  in	
  figures	
  

Figure	
  3.	
  Configura0on	
  without	
  cascading	
  

Figure	
  4.	
  Configura0on	
  with	
  cascading	
  

Conclusion	
  
	
  Calculated	
  increase	
  in	
  temperature	
  difference	
  (3-­‐4	
  K)	
  is	
  an	
  

argument	
  in	
  favor	
  of	
  a	
  magne@c	
  heat	
  pump	
  cascades	
  as	
  possible	
  
residen@al	
  hea@ng	
  systems.	
  Developed	
  numerical	
  rou@ne	
  can	
  be	
  
useful	
  in	
  modelling	
  magne@c	
  HPs	
  opera@on	
  inside	
  target	
  buildings.	
  	
  

Numerical	
  rou0ne	
  
1.  MATLAB	
  code	
  calculates	
  thermodynamic	
  proper@es	
  from	
  a	
  single	
  

AMR	
  data	
  precalculated	
  using	
  1D	
  transient	
  model	
  
2.  Different	
  types	
  of	
  connec@ons	
  can	
  be	
  accounted	
  for	
  
3.  Modular:	
  components	
  can	
  be	
  integrated	
  into	
  energy	
  models,	
  

subs@tuted	
  and	
  scaled	
  
Exmpl:	
  hea)ng	
  power	
  of	
  three-­‐HP	
  cascade	
  and	
  comparison	
  to	
  single	
  HP	
  

Figure	
  5.	
  Rou0ne	
  results	
  for	
  3-­‐HP	
  cascade	
  total	
  powers	
  (points),	
  
single	
  HP	
  (solid,	
  right)	
  and	
  individual	
  HPs	
  inside	
  3-­‐HP	
  (solid,	
  le_)	
  

Figure	
  6.	
  Performance	
  of	
  the	
  three-­‐HP	
  cascading	
  system	
  

Three-­‐HP	
  cascading	
  system	
  performance	
  
1.  Temperature	
  difference	
  at	
  the	
  HP	
  hot	
  outlet	
  increases	
  approx.	
  3	
  

@mes	
  compared	
  to	
  the	
  case	
  with	
  no	
  cascading	
  
2.  COP	
  is	
  slightly	
  less	
  than	
  without	
  cascading	
  
3.  Hea@ng	
  and	
  cooling	
  powers	
  slightly	
  degrade	
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Q-sourceQ-sink

Figure	
  2.	
  Magne0c	
  HP	
  reconnected	
  
into	
  a	
  three-­‐HP	
  cascade.	
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