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Waterhammer Modeling in thermo-Hydraulic systems
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Fauske & Associates, llc

t here  are  t wo  t ype s  of 
water ham mer  t rans ients  obse r ved 
in  ther mo -hydrau l ic  systems 
dur ing t he  t rans i ent  du e to  a 
l iqui d ’s  i ner t i a  m oving against 
the  gas  and t hen a bru pt ly  coming 
to  a  s to p:  g as  co mpress ion and 
gas  co ndensat i o n .   D epe nding on 
the  a mo unt  o f  g as  pre sent  (which 
d ic tates  i f  t he  system is  s tagnate d 
due to  a  water hammer  or  an 
iner t i a l  s lowdown) ,  the  t ra ns ient 
could  be  damagi ng to  the  syste m 
e i the r  s t r uc t ura l l y  du e to  fa i le d 
suppo r t s  o r  p i p i ng,  or  by  a  re l ie f 
va lve  bei ng l i f ted  ( i f  present  in 
the  system) .  The  compre ss ion a nd 
conseq uent i a l  rarefa c t ion  wave s 
(waves  t hat  i nduce  f low in  the 
oppos i te  d i rec t i on  of  nomina l 
f low,  whi ch  resul ts  in  the  check 
va lve  c lo s i ng )  t hat  t rave l  throu gh 
the  system co uld  a lso  indu ce 
seco ndar y  water hamme rs  du e  to  a 
check  va lve  s lam .    

t he co ndi t i o ns  t hat  wi l l  lead 
to  water hamm er  t ra ns ients  are 
numero us.   A  few examples  of 
potent i a l  water hammer  t rans ie nts 
inc lude:  g as  ( co nde nsable  or 
non- co ndensable)  re s ide nt  in 
p ip ing  when a  pu mp is  s ta r ted,  a 
rapid  c lo sure  o f  a  va lve,  or  co lu mn 
separat i o n  and re j o in ing fo l lowing 
a  s top and rest ar t  of  a  system.

c ondensat i o n  i ndu ced 
wate r ham mer  t rans ie nts  resu l t  in 
much m o re  energet ic  t rans ie nts 
compared to  no n- conde nsable 
gas-water  water ha mmers.   Ste am-
wate r  water ham me r  t rans ie nts  can 
a lso  behave as  non- conde nsable 
gas-water  water ha mmer  t rans ie nts 
i f  the  water  i nter fa c ing the  ga s  i s 
equal  to  t he  tem p e ratu re  of  the 
gas,  whi ch  t herefore  redu ce s  or 
even e l i mi nates  the  condensat ion 
of  the  g as. 

Figure 2: Illustrating 
Foamy Behavior

c ondensat ion  induced water hammer  t rans ients  are  a lso 
more  energet ic  due to  the  ver y  rapid  pressure  r i se,w hich  i s 
in  the  range of  a  few  mi l l i seconds,  w hereas  non- condensable 
gas  water hammers  might  have  r i se  t imes  in  the  range of  10 
mi l l i seconds  or  h igher.

t ypica l l y,  the  goal  i s  to  mainta in  systems at  a  “ l iquid  so l id ” 
s tate,  w here  the  ent i re  p ip ing system is  compl ete l y  f i l led  with 
l iquid  and no gas  i s  present .   However,  gas  coul d  l eak  into  the 
system due to  var ious  pathways  or  methods  and i t  might  be 
d i f f icu l t  to  immediate l y  detec t .   Thus,  i t  i s  more  reasonable 
to  engineer  a  system for  a  “ l iquid  fu l l ” s tate :  one  in  w hich 
some gas  coul d  ex is t  in  the  p ip ing,  and the  pumps,  va l ves  and 
p ip ing can cont inue to  fu l f i l l  the  system des ign func t ion . 

e ven though water hammer  phenomena are  compl ex  in 
nature  due to  the  l arge  number  of  components  in  the  system 
a nd the  compl ex i t y  of  the  p ip ing system,  there  are  tools 
ava i l abl e  that  a l l ow  for  a  compl ete  eva l uat ion  of  the  system.  
Once  the  system’s  model  i s  devel oped in  one of  the  ava i lable 
computat ional  tool s ,  the  system coul d  be  eva l uated with  a 
matr ix  of  t rans ients  w here,  for  exampl e,  the  gas  vol ume is 
var ied.   Then,  the  pressures  and forces  f rom each t rans ient  are 
compared against  the  a l l owabl e  peak  pressures  and forces  in 
the  system,  provid ing an  operabi l i t y  range for  a  system where 
the  presence  of  gas  w i l l  not  necessar i l y  l ead to  qual i fy ing 
the  system as  inoperabl e.   Th is  methodol ogy  enabl es  cost 
e f fec t ive  operat ion  of  a  system a l l ow ing for  removal  of  over-
conser vat ism in  the  safe  operat ion  of  p ip ing,  pumps,  va lves , 
etc . 

F igures  1  and 2  demonstrate  the  process  of  ident i fy ing the 
acceptance  cr i ter ia  for  a  system,  w here  the  peak  pressure  and 
force  f rom numerous  t rans ients  were  compared against  the 
a l lowabl e  pressure  and force  for  the  system,  respec t ive ly.  
Ea ch data  point  represents  a  t rans ient  that  was  anal yzed 
with  one of  the  computat ional  tool s .   As  seen f rom the  keys, 
the  d i f ferent  co l or  and shape points  represent  sampl ing 
at  d i f ferent  t imes,  thus  each point  of  the  same t ype (co lor/
shape)  represent  a  run  at  increas ing gas  void  vol umes.
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Figure 2: Illustrating 
Foamy Behavior
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F auske  and Asso c iates ,  LLC has  pe r for me d numerous  such eva l uat ions.   M ul t ip l e  computat ional 
tools  have  been ut i l i ze d  and ma ny addit ional  ones  devel oped to  opt imize  the  computat ion .   Such 
opt imi zat i o n  a l lows  for  a  la rge  nu mbe r  of  scenar ios  to  be  eva l uated l eading to  an  opt imal  so l ut ion .  
As  a  resul t ,  t he  c l ient  i s  prov ide d with  an  answer  w here  unnecessar y  conser vat ism has  been removed 
and t he  system can be  ope rated cost  e f fe c t ive l y,  w hi l e  mainta in ing safe/acceptabl e  operat ing 
condi t i o ns. 

Figure 1:  Pressure Versus Initial Void Volume

Figure 2:  Force Versus Initial Void Volume


