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• Ex t rapo la t i ng  more  tha t  5 -10% is  no t  adv ised .   

• I n te rpo la t i ng  i s  usua l l y  no t  a  p rob lem - - cove r  you r  
des i red  range  and  you ' l l  be  f i ne .

• W hen  the  ope ra t ing  range  i s  l a rge ,  you  may ca l i b ra te  f o r  
h igh  vo lume  and  low vo lume  f l ow ranges  sepa ra te l y  

• T h i s  a p p r o a c h  r e s u l t s  i n  2  c o m p o n e n t  f i l e s …  
• … b u t  r e s u l t s  a r e  b e t t e r  a n d  s o l ve  f a s t e r !

• I t  i s  impo r tan t  t o  a lways  do  some  inspec t ion  o f  a l l  
componen t  da ta  be f o re  we  use  i t  i n  a  mode l .   Bad  da ta  w i l l  
cause  bad  resu l t s  a t  bes t ,  o r  no  resu l t s  a t  wo rs t .   

• Always check  the  da ta !

General Best Practices
HOW TO HANDLE COMPONENT DATA
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Effects of Extrapolation - Inputs
A PLATE HEAT EXCHANGER, A COMMON COMPONENT IN EV THERMAL SYSTEMS
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Effects of Extrapolation – Model & Outputs
A PLATE HEAT EXCHANGER, A COMMON COMPONENT IN EV THERMAL SYSTEMS

• Tes tbench  mode l  shown  be low

• Resu l t s  shown  a t  r i gh t

• E f f ec t s  o f  ex t rapo la t i on  a re  more  p ronounced  a t  h ighe r  f l ows !
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• Why cal ibrate and check errors?

• The goal  is  to  get  the component  model  to  
behave the same way as the measurement data 

• In  most  cases,  ca l ibrat ion works wel l  i f  the input  
the geometry is  accurate  

• I f  ca l ibrat ion fa i ls  or  produces large errors,  we 
must inspect  the input  data!

Evaporators & Condensers
THE HIGH AND LOW OF REFRIGERANT CIRCUITS
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Compare geometric properties with a 
known-good component

If something looks odd, consult the 
drawing and recalculate it manually 

If there is no drawing available, adjust 
incrementally and recalibrate & recheck 
errors

When errors are low, stop.  If not, 
continue incremental adjustments then 
rinse & repeat

Always try to keep as much original 
data as possible!

Evaporators & Condensers
A COMPONENT DATA VETTING PROCESS
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Evaporators & Condensers
A WHO’S WHO OF THE GOOD AND THE BAD

GOODBAD
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Evaporators & Condensers
A FEW USUAL SUSPECTS

• Us u a l l y ,  g e o m e t r y  i s  t h e  c a u s e  o f  h i g h  e r r o r s  a n d  c a l i b r a t i o n  
f a i l u r e

• F i n  p i t c h  a n d  t h i c k n e s s  a i r s i d e  ( 0 . 3 m m  i s  a  g o o d  g u e s s )
• D i s t a n c e  b e t w e e n  t u b e s
• T u b e  h e i g h t  a n d  w a l l  t h i c k n e s s  ( 0 . 4 m m  i s  a  g o o d  g u e s s )

• I f  yo u  c a n ’ t  g e t  a  d r a w in g ,  g e t  a  p a r t  a n d  s t a r t  c u t t i n g !

• O t h e r  a r e a s  t o  c h e c k :
• E n d  t a n k  v o l u m e ,  e n s u r e  c r o s s  s e c t i o n  a n d  c o r e  d i m e n s i o n s  

a d d  u p  t o  t h e  s p e c i f i e d  v o l u m e
• R e f r i g e r a n t  e n t h a l p y  c a n  b e  c h e c k e d  u s i n g  K U L I ’ s  p r o p e r t y  

c a l c u l a t o r
• P l o t  p o i n t s  o n  t h e  P - h  d i a g r a m  a s  a  s a n i t y  c h e c k

• T h e  d i f f e r e n c e  b e t we e n  a  p i p e  a n d  a  t u b e  i s  f r e q u e n t l y  
m i s u n d e r s t o o d .   Ma k e  s u r e  t h e  i n p u t  d a t a  wa s  p r o v id e d  w i t h  
t h e  c o r r e c t  u n d e r s t a n d in g  i n  m in d .

I M A G E  C R E D I T :  D E N S O  G L O B A L h t t p : / / w w w . g l o b a l d e n s o . c o m / e n / n e w s r e l e a s e s / 1 2 0 9 0 7 - 0 1 . h t m l
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• E -Compresso r  pe r f o rmance  da ta  shou ld  f o l l ow pos i t i ve -
d i sp lacemen t  dev ice  t rends :

• Low-speed  e f f i c iency  su f f e rs  due  to  ro to r  l eakage
• H igh -speed  e f f i c iency  su f f e rs  f rom dynam ic  f i l l i ng  

e f f ec t s
• Bes t  e f f i c iency  i s  usua l l y  somewhere  in  t he  m idd le

• I f  t he  cu rves  f o l l ow a  d i f f e ren t  t rend ,  f i nd  ou t  why !

• Inpu t  power  i s  essen t ia l  f o r  EV  range  p red ic t i on ,  bu t  o f t en  
on ly  e f f i c iency  i s  p rov ided .   Use  the  po ly t rop ic  compresso r  
power  equa t ion  to  de f ine  idea l  i npu t  power :

𝑃𝑃 =
𝑛𝑛

𝑛𝑛 − 1 � 𝑃𝑃𝑠𝑠 � 𝑉𝑉𝑑𝑑 �
𝑁𝑁

6 0 �
𝑃𝑃𝑑𝑑
𝑃𝑃𝑠𝑠

𝑛𝑛−1
𝑛𝑛

− 1

Compressors
GETTING TO THE HEART OF THE MATTER

I M A G E  C R E D I T :  M O T O R  A G E h t t p s : / / w w w . s e a r c h a u t o p a r t s . c o m / m o t o r a g e / m a i n t e n a n c e - r e p a i r - s e r v i c e - r e p a i r / h y b r i d - c - s e r v i c e
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• I t  is  tempt ing to use an opt imizat ion target  to  
f ind the compressor  speed that  corresponds to a 
temperature target

• In  pract ice th is  does not  work very wel l !

• I t  is  usual ly faster  to  set  the compressor  speed 
to a constant  va lue and adjust  i t  manual ly

Compressors
IT’S A SPEED THING

I M A G E  C R E D I T :  M O T O R  A G E h t t p s : / / w w w . s e a r c h a u t o p a r t s . c o m / m o t o r a g e / m a i n t e n a n c e - r e p a i r - s e r v i c e - r e p a i r / h y b r i d - c - s e r v i c e
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• EV thermal  systems typ ica l ly have operat ional  
modes in  which no coolant  f lows:

• Warmup events
• “ Id l ing”  
• Power t ra in  dur ing  charg ing

• To model  zero- f low modes,  the dynamic so lver  
must  be enabled…

• But the dynamic so lver  isn ’ t  permi t ted wi th p late 
heat  exchangers.   What  to  do? 

Plate Heat Exchangers
DYNAMIC SOLVER WORKAROUNDS

I M A G E  C R E D I T :  A R M S T R O N G  F L U I D  T E C H N O L O G Y h t t p s : / / a r m s t r o n g f l u i d t e c h n o l o g y . c o m / e n / p r o d u c t s / a b x - b r a z e d - p l a t e - h e a t - e x c h a n g e r s
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• An example  workaround is  shown a t  r igh t  us ing  a  para l le l  
f low coo le r,  techn ique is  the  same wi th  a  p la te  heat  
exchanger

• The pressure  drop  and heat  t rans fer  o f  the  heat  
exchanger  a re  imp lemen ted wi th  a  tube and a  heat  f low 
source ,  wh ich  are  a l lowed in  dynamic  so lver  c i rcu i ts

• The va lues  fo r  p ressure  drop  heat  t rans fer  a re  ca lcu la ted  
in  a  dummy c i rcu i t  tha t  uses  the  s tandard  so lver

• Dummy c i rcu i t  va lues  are  passed to  the  dynamic  so lver  
v ia  sensors  and ac tua tors ,  us ing  fo rmulas  where  
appropr ia te

Plate Heat Exchangers
DYNAMIC SOLVER WORKAROUNDS
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• EV thermal  sys tems commonly  conta in  mu l t ip le  
expans ion  dev ices :

• Co o la n t  c h i l l e r
• Eva p o r a t o r s

• I f  mu l t ip le  thermal  expans ion  va lves  are  used,  th is  wi l l  
cause sys tem ins tab i l i t y.   W hat  to  do?

• Shown a t  r igh t  i s  an  imp lementa t i on  o f  a  TXV wi th  
shuto f f

• The e f fec t i ve  th ro t t le  c ross  sec t ion  i s  con t ro l led  us ing  a  
ser ies  o f  fo rmulas :

• Su p e r h e a t  e r r o r  i s  t r a n s la t e d  i n t o  a n  a r e a ,  p a s s e d  t o  t h e  
va l ve  w i t h  a n  a c t u a t o r

• Va l ve  c a n  b e  s h u t  o f f  u s i n g  a  l o g i c a l  o p e r a t o r

Expansion Valves
TO SHUT OFF OR TO GO WITH THE FLOW
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Ducts & Tubes
HEAT ON THE PATH OF SOME RESISTANCE

• Min im i z i n g  p r e s s u r e  l o s s  i n  d u c t s  i s  c o m m o n  d e s ig n  g o a l  wh e n  
d e ve lo p i n g  a  c a b in  HVAC s ys t e m .   Bu t  wh a t  a b o u t  t h e  h e a t  
t r a n s f e r  i n t o t h e  d u c t  f r o m  i t s  e n v i r o n m e n t ?

• He a t  t r a n s f e r  i n  d u c t s  c a n  b e  m o d e le d  i n  t wo  wa ys :
• u s i n g  p o i n t  m a s s e s  a n d  c o n d u c t i o n  p a t h s
• u s i n g  a  h e a t  s o u r c e  i n  t h e  a i r p a t h

• B lo we r s  t e n d  t o  o p e r a t e  a s  c o n s t a n t  m a s s - f l o w d e v i c e s  i n  
c a b in  HVAC s ys t e m s

• As  a  r u l e  o f  t h u m b ,  h e a t  t r a n s f e r  i n t o  d u c t s  f r o m  a m b ie n t  h a s  
a  g r e a t e r  e f f e c t  o n  o u t p u t s  l i k e  c a b in  t e m p e r a t u r e  t h a n  
p r e s s u r e  d r o p  i n s i d e  d u c t s

• T u b e s  c a n  b e  m o d e le d  u s i n g  o n l y  2  p o in t s ,  b u t  r e s u l t s  a r e  
o f t e n  u n r e l i a b le  d u e  t o  e xc e s s i ve  i n t e r p o la t i o n   

• 3  p o in t s  a r e  b e t t e r ,  p a r a m e t r i c  e q u a t i o n s  a r e  b e s t !

I M A G E  C R E D I T :  V C H A L U P / F O T O L I A h t t p s : / / s t o c k . a d o b e . c o m / c o n t r i b u t o r / 2 0 4 4 2 1 4 9 9 / v c h a l u p ? l o a d _ t y p e = a u t h o r & p r e v _ u r l = d e t a i l & a s s e t _ i d = 1 0 5 4 0 8 3 3 4
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S y s t e m  M o d e l i n g
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• Running parameter variat ions or 
optimization targets in refr igerant loops is 
not straightforward

• If one point doesn't solve then you are 
wait ing for a long t ime for no results, not 
knowing where the problem is!

• Restrict ing the range of variat ion can help 
sometimes

• Manual variat ion is usually best

Parameter Variation & Optimization Targets
GOLDILOCKS IS BACK AND FORTH AND BACK AGAIN
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• The KULI  so lver  in i t ia l i zes  the  re f r ige ran t  loop  wi th  
de fau l t  va lues

• W hen the  f i rs t  opera t ing  po in t  f in ishes ,  the  so lver  
in i t ia l i zes  the  second opera t ing  po in t  a t  the  s ta te  in  
wh ich  the  f i rs t  po in t  so lved

• I f  th is  s ta te  i s  too  fa r  o f f  o f  the  so lu t ion  fo r  the  second 
po in t ,  the  so lver  may fa i l  o r  p roduce an  unrea l i s t i c  resu l t

• To  avo id  th is  p rob lem:
• Ma k e  s m a l l  i n c r e m e n t a l  c h a n g e s  i n  s im u la t i o n  p a r a m e t e r s  

f o r  s u b s e q u e n t  o p e r a t i n g  p o in t s
• L im i t  t h e  n u m b e r  o f  p a r a m e t e r s  t h a t  c h a n g e  f r o m  o n e  p o in t  

t o  t h e  n e x t  t o  o n e  o r  t wo  a t  m o s t

Subsequent Operating Points
FIRST THIS,  NOW THIS
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• W hat  shou ld  I  look  fo r  when us ing  the  KULI  re f r igeran t  
p roper t y  ca lcu la to r  to  ver i f y  evapora to r  and condenser  
ca l ib ra t i on?

• On  P -h  d iagram p lo t s :
• E v a p o r a t o r  i n l e t  s h o u l d  b e  u n d e r  t h e  d o m e
• C o n d e n s e r  i n l e t  s h o u l d  b e  t o  t h e  r i g h t  o f  t h e  d o m e

• W hen us ing  the  po ly t rop ic  compressor  power  equat ion  to  
de f ine  idea l  inpu t  power,  what  i s  an  approp r ia te  va lue  fo r  
n ,  the  po ly t rop ic  expans ion  coeff i c ien t?

• Fo r  r 1 3 4 a ,  n  =  1 . 0 8  – 1 . 1 0

• Does a  tube have f ins?  
• NO !  
• Re m e m be r :  P ip e s  g o  i n s i d e  t u b e s ,  f i n s  g o  i n s i d e  p i p e s

Questions?
A STARTING POINT

Pip e

F in

T u b e
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Thank You

E V E L O Z C I T Y  I N C  — 2 3

Visit

19951 S Mariner Ave, 90503

www.canoo.com

Message

Will Smith

wills@canoo.com

W i t h  s i n c e r e s t  a c k n o w l e d g e m e n t s  t o :
P e t r  K a m e n k s y @  M A G N A ,  f o r  e l u c i d a t i n g  m a n y  o f  t h e

m e t h o d s  s h o w n  i n  t h i s  p r e s e n t a t i o n

https://www.canoo.com/
mailto:wills@canoo.com
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