
Nanofluids for HEV Cooling 
Applications  

  
 

Jules	  Routbort	  
Energy	  Systems	  Division,	  Argonne	  Na9onal	  Laboratory	  	  

November	  3,	  2011	  
	  

France	  Coworkers:	  Wen	  Yu,	  David	  France,	  Dileep	  Singh,	  and	  Elena	  Timofeeva	  

FY12	  Kickoff	  Mee.ng	  for	  Advanced	  Power	  Electronics	  and	  Electric	  Motors	  R&D	  

Sponsored	  by	  DOE	  Vehicle	  Technologies:	  Vehicle	  
Systems,	  Propulsion	  Systems	  Materials,	  and	  

Advance	  Power	  Electronics	  



Objectives 

  Analysis	  of	  coolant	  requirements	  for	  APE	  
  Develop	  cost-‐effec9ve	  nanofluids	  for	  cooling	  of	  APE	  having:	  

–  High	  thermal	  conduc9vi9es	  
–  High	  heat	  transfer	  
–  Low	  viscosi9es	  
–  No	  erosion	  or	  clogging	  

  Demonstrate	  on	  commercial	  system	  
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Approach	  

Work	  with	  Valvoline	  to	  develop	  graphite-‐based	  	  
nanopar9cles	  in	  mixture	  of	  EG/H2O	  while	  developing	  ANL	  	  
nanopar9cles	  	  



Overview 

  FY13	  –	  Demo	  
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 	  Poten9al	  applica9ons	  of	  nanofluids	  
for	  thermal	  management	  in	  power	  
electronics	  for	  HEV	  not	  established?	  

	  
⇒ 	  development	  of	  effec9ve,	  

	  affordable	  nanofluid	  
⇒ 	  industrial	  acceptance	  
⇒ 	  manufacturability	  
⇒ 	  needs	  demonstra9on	  
	  

This	  project	  complements	  the	  overall	  effort	  in	  the	  area	  of	  nanofluids	  for	  thermal	  management	  with	  	  
emphasis	  on	  cooling	  for	  power	  electronics	  

	  Timeline	   	  Barriers	  

	  	  Budget	  

 	  FY11	  –	  $150K	  (from	  	  
Propulsion	  Systems	  Materials)	  
 	  FY12	  –	  $375K	  (from	  PEEM,	  	  
Vehicle	  Systems,	  &	  Materials)	  



Relevance 
  Fluids	   containing	   nanopar9cles	   have	   a	   proven	   ability	   to	  

increase	  thermal	  conduc9vity	  and	  heat	  transfer	  and	  hence	  
reduce	  the	  size,	  weight	  and	  number	  of	  heat	  exchangers	  for	  
cooling	  power	  electronics.	  
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Effec9veness	  of	  heat	  transfer	  for	  4	  vol.%	  SiC	  in	  EG/H2O	  and	  H2O	  	  



Literature Data – large enhancements reported 
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Assessment for power electronics (FY11) 

  Determine	  if	  nanofluids	  can	  be	  used	  to	  improve	  cooling	  of	  
HEV	  power	  electronics	  while	  elimina9ng	  the	  low	  temperature	  
coolant	  system.	  

  Assess	  the	  feasibility	  of	  engineering	  nanofluids	  to	  cool	  HEV	  
electronics	  using	  only	  the	  high	  temperature	  coolant	  system.	  	  

  Develop	  a	  research	  program	  for	  engineering	  candidate	  
nanofluids	  for	  HEV	  applica9ons.	  
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Approach 

  Specifica9ons	  of	  the	  heat	  exchanger*	  
–  Heat	  flux	  =	  100	  W/cm2	  

–  Power	  semiconductor	  junc9on	  temperature	  –	  150°C	  
–  Convec9ve	  heat	  flow	  to	  coolant	  (50-‐50	  EG/water)	  –	  105°C,	  only	  the	  

high	  temperature	  cooling	  system	  is	  needed	  in	  this	  case	  
–  Laminar	  flow	  

  Es9mate	  proper9es	  of	  nanofluid	  to	  meet	  or	  exceed	  cooling	  requirements	  
–  Develop	  1–D	  mathema9cal	  model	  of	  cooling	  

  Calcula9ons	  performed	  with	  or	  w/o	  Thermal	  Interface	  Material	  (TIM)	  
–  Calculate	  junc9on	  temperature	  for	  base	  and	  nanofluid	  for	  single	  or	  

double	  sided	  cooling	  
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*M.	  O'Keefe	  and	  K.	  Bennion,	  A	  Comparison	  of	  Hybrid	  Electric	  Vehicle	  Power	  Electronics	  Cooling	  Op9ons,	  2007	  IEEE	  
Vehicle	  Power	  and	  Propulsion	  Systems	  Conference,	  Arlington,	  Texas,	  September	  9-‐12,	  2007.	  
	  
	  K.	  Bennion	  and	  K.	  Kelly,	  Rapid	  Modeling	  of	  Power	  Electronics	  Thermal	  Management	  Technologies,	  2009	  IEEE	  Vehicle	  
Power	  and	  Propulsion	  Systems	  Conference,	  Dearborn,	  Michigan,	  September	  7-‐11,	  2009.	  
	  



Results – Heat Flux – Single Sided Cooling 
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Nanofluid	  thermal	  conduc.vity	  
(TC)	  ra.o	  of	  	  2	  without	  TIM	  is	  
sufficient	  to	  eliminate	  the	  low	  
temperature	  coolant	  system.	  	  
	  
The	  required	  nanofluid	  is	  possible	  
with	  some	  development.	  



Results – Heat Flux Double-Sided Cooling   
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A	  nanofluid	  TC	  ra.o	  of	  	  1.5	  
increases	  heat	  load	  by	  ≈	  50%	  
with	  TIM	  and	  by	  ≈	  70%	  without	  	  
TIM.	  



Results – Junction Temperature – Double-Sided Cooling 
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ra.o	  of	  	  1.5	  decreases	  semi-‐
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to	  ≈	  139°C	  with	  TIM	  and	  to	  
≈	  135°C	  without	  TIM	  



Carbon-based Nanoparticles 
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Graphite	  –	  Valvoline	  	   Graphene	  oxide	  –	  ANL	  

Graphene	  oxide	  with	  
Cu	  nanopar9cles	  –	  ANL	  



Are such nanofluids possible?  Thermal Conductivity – 
Valvoline Graphite in 50/50 Ethylene Glycol/Water + 

surfactant 
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Sample	  Number	   Weight	  
percent	  (%)	  

TCnf/TCbase	  fluid	  @	  Room	  Temperature	  (%)	  

	  1	   3.5	   49.0	  ±	  2	  

2	   6.0	   65.0	  ±	  5	  

5	  wt.	  %	  Graphene	  Oxide	  Nanosheets	  
Fluid	   TC	  enhancement	  (%)	  10–60°C	   reference	  

Water	   30.2	   1	  

Propyl	  glycol	   62.3	   1	  

Liquid	  paraffin	   76.8	   1	  

Ethylene	  
glycol	  

61.0	   2	  

1Wei	  Yu,	  H.	  Xie,	  and	  W.	  Chen,	  JAP	  107,	  094317	  (2010)	  
2Wei	  Yu,	  H.	  Xie,	  and	  D.	  Bao,	  Nanotechnology	  21,	  055705	  (2010)	  	  



Potential Problems using Graphite (Valvoline) NPs 
Viscosity 
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Pumping	  power	  of	  NF/base	  fluid	  (@85°C)	  ≈	  3.5x	  



Potential Problems with Graphite NPs 
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No	  clogging	  or	  erosion	  observed	  aier	  hundreds	  of	  hours	  



Little erosion (0.65%) for SiC nanofluid after hundreds 
of hours for 20 l/min≤V≤28 l/min(1400-1900 RPM 
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Pump	  impellor	  from	  racing	  car	  water	  pump	  

7	  cm	  



Conclusions 

  Calcula.ons	   indicate	   that	   the	   DOE	   goal	   of	   elimina.ng	   the	   low	  
temperature	  coolant	  system	  for	  cooling	  power	  electronics	  can	  be	  
achieved	   if	   the	   ra.o	   of	   heat	   transfer	   coefficients	   (equal	   to	   the	  
ra.o	  of	  thermal	  conduc.vi.es	  in	  laminar	  flow)	  of	  the	  nanofluid	  to	  
the	  base	  fluid	  is	  about	  2	  without	  the	  TIM	  in	  single-‐sided	  cooling.	  	  

  In	  double-‐sided	  cooling,	  the	   low	  temperature	  coolant	  system	  can	  
be	  eliminated	  and	   the	  current	   standards	  of	  100	  W/cm2	  heat	  flux	  
and/or	  150oC	  junc.on	  temperature	  can	  be	  improved	  substan.ally	  
with	  a	  thermal	  conduc.vity	  ra.o	  of	  about	  1.5	  with	  or	  without	  the	  
TIM.	  

  A	   review	   of	   the	   literature	   and	   ANL	   data	   indicate	   that	   the	  
requirements	   for	   a	   nanofluid	   can	   be	   achieved	   using	   inexpensive	  
and	  non-‐toxic	  metal	  or	  graphi.c	  nanopar.cles.	  

  Graphene	   oxide	   in	   EG/H2O	   promising,	   however,	   must	   lower	  
viscosity	  

  No	  erosion	  or	  clogging	  observed	  for	  graphite-‐based	  nanofluids.	  	  
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Path Forward 

  Develop	  nanofluids	  with	  required	  thermal	  conduc9vity	  
ra9os	  
–  Concentrate	  on	  graphene	  oxide	  or	  intermetallic	  
nanopar9cles	  

–  Modify	  in-‐situ	  processing	  using	  EG/water	  as	  fluid	  
–  Size	  
–  Concentra9on	  
–  Surface	  chemistry	  control	  to	  reduce	  viscosity	  
–  Measure	  viscosity,	  thermal	  conduc9vity,	  heat	  transfer,	  
clogging	  and	  erosion	   	  	  

  Con9nue	  to	  work	  with	  Valvoline,	  Saint	  Gobain,	  and	  Toyota	  
  Test	  in	  an	  instrumented	  heat	  exchanger	  
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