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©  A  method  and  apparatus  for  heating  liquid. 
A  method  and  apparatus  for  providing  an  instantaneous 

supply  of  heated  liquid  on  demand  is  disclosed.  The  novel 
method  of  the  invention  includes the  step  of feeding  liquid  to 
be  heated  to  a  heating  chamber  (1)  wherein  the  flow  of incom- 
ing  liquid  enters  the  chamber  substantially  and  uniformly 
over  the  base  (20)  of  the  heating  elements  (4)  within  the 
chamber.  The  novel  apparatus  of  the  invention  includes  a 
heating  chamber(1)  having  a  liquid  dispersing  means  (18)  at 
the  inlet  (2)  for  dispersing  the  flow  of  incoming  liquid 
throughout  a  substantial  portion  of the  flow  cross-section  of 
the  heating  chamber. 



BACKGROUND  OF  THE  INVENTION 

This  invention  relates  generally  to  the  field  of  fluid  heaters,   and 

is  par t icular ly   directed  to  a  novel  method  and  a p p a r a t u s   for  p r o v i d i n g  

an  ins tantaneous  and  continuous  supply  of  heated  liquid  on  d e m a n d .  

Using  the  method  and  apparatus  of  the  present   invention,  liquids, 

such  as  water,   may  be  efficiently  and  economically  heated  s u b s t a n t i a l l y  

on  demand  at  the  point  of  del ivery .  

Methods   and  sy s t ems   known  in  the  prior  art  for  heating  liquids 

wastefully  and  ineff icient ly  consume  great  amounts  of  e n e r g y .   In  t h e  

c o n v e n t i o n a l   wa t e r   h e a t e r ,   for  example,  a  large  reservoir   of  water  is 

stored  at  a  remote  location  and  heated  to  a  p r e d e t e r m i n e d   t e m p e r a -  

tu re .   Water   b e a t e r s   of  this  type  are  deficient  in  a  number  of  ways.  

First,  such  h e a t e r s   consume  energy  during  both  in-use   and  n o n - u s e  

per iods .   Second ,   r e m o t e l y   located  water  heaters   require  the  ins ta l la -  

tion  of  two  separate   plumbing  systems,  one  system  for  cold  water   and  

a  second  sy s t em  for  hot  wa te r .   Conventional  hot  water  heaters  are  

further  de f i c i en t   due  to  so -ca l l ed   "cold  wa te r   de l ay . "   Cold  w a t e r  

delay  occur s   as  a  resul t   of  res idual   water   r e m a i n i n g   in  the  piping 

system  which  cools  after  the  faucet  or  tap  is  t u r n e d   off.  When  ho t  

wa te r   is  again  r e q u i r e d ,   cool  water  flows  from  the  open  faucet  until  

the  residual  water  is  flushed  from  the  system.  M o r e o v e r ,   during  t h i s  

lag  per iod ,   cold  water  flows  into  the  storage  reservoir   further  lowering 

the  t empera tu re   of  the  heated  water ,   r equ i r ing   a d d i t i o n a l   energy   t o  

c o m p e n s a t e   for  the  suddenly  lowered  t empera tu re .   Conventional  wa te r  

heaters  are  further  deficient  due  to  the  large  amount   of  heat   lost  in 

moving  the  hea ted   water   through  the  piping  system  and  the  special  

space  considerations  required  by  such  water  h e a t e r s .  



There   are  rapid  response   l iquid  heaters  known  in  the  prior  a r t  

which  a t t e m p t   to  o v e r c o m e   the  d e f i c i e n c i e s   of  the  r ese rvo i r   t y p e  

w a t e r   heater.   For  example;  U.S.  Patent   No.  3,952,182  to  Flanders  and  

U.S.  Patent  Nυ.  3,673,385  to  D r u g m a n d   et  al  disclose  fluid  h e a t e r s  

a d a p t e d   for  i n s t a n t a n e o u s l y   h e a t i n g   r e l a t i v e l y   small  bodies  or  f low 

i n c r e m e n t s   o f   fluid  to  a  p r e d e t e r m i n e d   t e m p e r a t u r e .   These  f l u i d  

h e a t e r s   are   a l so   u n s a t i s f a c t o r y   b e c a u s e   they  are  suscep t ib l e   t o  

developing  so-called  "hot  spots"  which  can  lead  to  ove rhea t i ng   of  t h e  

fluid  and  g e n e r a t i o n   of  s t e am.   Such  heaters   are,  therefore,  p a r t i c u -  

larly  unsuitable  for  use  in  the  h o m e .  

SUMMARY  OF  THE  INVENTION 

One  o b j e c t   of  the  p r e s e n t   i n v e n t i o n   is  to  overcome  t h e  

d isadvantages   of  the  prior  art  d ev i ce s   by  provid ing   an  in-line  l i q u i d  

heater   which  is  eff icient   and  inexpensive  to  manufacture  and  o p e r a t e .  

Ano the r   ob j ec t   of  the  present  i n v e n t i o n   is  to  provide  an  in-l ine 

liquid  heater  which  s u b s t a n t i a l l y   and  u n i f o r m l y   heats  liquid  f l o w i n g  

through  it  without  the  formation  of  potent ia l ly   dangerous  vapor  bubbles .  

The  i n - l i n e   l i qu id   h e a t i n g   dev ice   of  the  present   i n v e n t i o n  

overcomes  many  of  the  deficiencies  inherent   in  liquid  hea t ing   d e v i c e s  

known  in  the  prior  art  and  c o m p r i s e s   an  elongated  heating  c h a m b e r  

having  an  inlet  at  the  base  for  receiving  l iquid  to  be  heated  and  an  

o u t l e t   at  the  top  for  discharging  heated  liquid.  High  power  e l e c t r i c a l  

res is tance  heating  elements  are  positioned  inside  the  hea t ing   c h a m b e r  

for  h e a t i n g   a  con t inuous   flow  of  liquid  flowing  through  the  c h a m b e r .  

Electr ical   power  to  the  heating  e lements   is  provided  through  a  set  o f  

re lay   c o n t a c t o r s   which  are  con t ro l l ed   by  a  flow  responsive  switch,  a 

t he rmos ta t   and  a  high  temperature   cut-out   swi tch .   The  flow  r e s p o n -  
sive  switch  prevents  electrical   power  from  being  applied  to  the  h e a t i n g  

e lements   until  a  flow  of  liquid  through  the  device  is  sensed,  e.g.,  when  

a  hot  water  faucet  is  turned  on.  The  thermos ta t   controls  the  t e m p e r -  

a t u r e   of  the  l iquid  d i scha rged   from  the  h e a t i n g   c h a m b e r   and  is 

c o n n e c t e d   to  d e - e n e r g i z e   the  heat ing  e lements   when  a  p r ede t e rmined  

t empera tu re   level  is  reached.  The  high  t empera tu re   cut -out   switch  is 



a  s a f e t y   device   des igned   to  d e - e n e r g i z e   the  heating  elements  should 

the  thermosta t   fail  or  for  some  other  r eason   the  t e m p e r a t u r e   i n s i d e  

the  h e a t i n g   c h a m b e r   r eaches   a  d a n g e r o u s   level .   The  in-line  l iquid 

heating  device  of  the  present  invention  also  includes  a  p ressure   r e l i e f  

valve  for  preventing  excessive  pressure  from  building  inside  the  h e a t i n g  

c h a m b e r .  

Supr i s ing ly ,   it  has  been  discovered  that  the  configuration  of  t h e  

in- l ine   liquid  h e a t i n g   device  of  the  i n v e n t i o n   yields  s u p e r i o r   a n d  

u n e x p e c t e d   r e su l t s   in  tha t   rapid  and  eff icient   heating  occurs  w i t h o u t  

the  formation  of  vapor  bubbles  so  prevalent  in  the  prior  art  s y s t e m s .  

This  resul t   is  o b t a i n e d   by  the  presence  of  a  deflection  baffle  at  t h e  

inlet  of  the  heating  chamber  for  dispersing  the  flow  of  incoming  l i q u i d  

across   s u b s t a n t i a l l y   and  uniformly  the  entire  flow  cross-section  of  t h e  

heating  chamber.  As  mentioned  above,  rapid  liquid  h e a t e r s   known  in 

the  prior  art  are  unsat is factory   for  a  number  of  reasons,  including  t h e  

uncontrolled  formation  of  hot  spots.  Hot  spots  tend  to  cause  s c a l d i n g  

and  o v e r h e a t i n g   and  the  formation  of  vapor  bubbles.  Inclusion  of  t h e  

deflection  baffle  at  the  inlet  to  the  h e a t i n g   c h a m b e r   s u b s t a n t i a l l y  

p r e v e n t s   the  f o r m a t i o n   of  hot  spots  and  their  a t tendant   problems  in 

the  heating  chamber  as  explained  below. 

Optimum  performance  of  a  liquid  heating  device  is  realized  when 

incoming  cold  liquid  is  efficiently  heated  to  a  p r e d e t e r m i n e d   t e m p e r a -  

ture  with  no  vapor  production  (localized  boiling).  Since  heat  evolu t ion  

occurs  essentislly  uniformly  over  the  surface  of  the  hea t i ng   e l e m e n t s ,  

the  e l emen t   s h e a t h s   should  be  as  uniformly  cooled  by  the  liquid  f low 

as  possible.  This  maximizes  thermal  t ransfer   efficiency  and  e l i m i n a t e s  

hot  spots  that   would  be  caused  by  s t a g n a n t   flow  conditions.  While 

turbulent  flow  conditions  induced  throughout  a  heating  chamber  (such  as 

by  u t i l i z ing   prior  art  finned  or  c o n v o l u t e d   heat   exchange  e l e m e n t s )  

maximize  local  heat  transfer  (i.e.,  localized  turbulence)  by  reducing  t h e  

t h i ckness   of  the  boundary   layer  along  the  element  sheaths,  it  could  

occur  at  the  expense  of  reduced  flow  e l sewhere ,   and  its  c o n c o m i t a n t  

adverse  heat  t ransfer ,   if  at tention  is  not  given  to  prevent  i t .  



The  d e f l e c t i o n   b a f f l e   at  the  inlet   of  the  h e a t i n g   c h a m b e r  

produces  a  controlled  amount  and  un i fo rm  d i s t r i b u t i o n   of  t u r b u l e n c e  

a d j a c e n t   the  inlet  end  or  base  of  the  c h a m b e r ,   which  resul ts   in 

op t imized   flow  and  heat  t r ans fe r   c o n d i t i o n s   a long  the  length  of  t h e  

h e a t i n g   c h a m b e r .   This  feature  allows  the  in-line  liquid  heater  of  t h e  

presen t   invention  to  utilize  the  high  e l e c t r i c a l   power   input  and  h e a t  

t r ans f e r   (without  vapor  production)  necessary  for  a  truly  adequate  l iquid 

hea te r   of  the  instant  demand  c a t e g o r y .  

In  the  in-line  liquid  heating  device  of  the  present  invention,  t he  

inlet  to  the  heating  chamber  is  located  near  the  base  of  the  h e a t i n g  

e l e m e n t .   This  ensures  sufficient  liquid  flow  over  the  heating  e l e m e n t  

base,   The  outlet   from  the  h e a t i n g   c h a m b e r   is  l o c a t e d   beyond  t h e  

downs t ream  end  of  the  heating  element  to  provide  sufficient  head  room 

to  avoid  a  stagnant  area  of  liquid  at  the  end  of  the  hea t ing   c h a m b e r  

wh ich   o t h e r w i s e   would  be  in  contact   with  the  heat ing  element.  The  

hea t ing   chamber  is  also  of  sufficient  size  that  enough  water  remains  in 

the   c h a m b e r   to  absorb   res idual   heat  from  the  heat ing  elements  when 

the  flow  of  liquid  is  stopped  without  boi l ing .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure   1  is  a  front  elevational   view  of  the  in-line  liquid  h e a t e r  

of  the  p re sen t   i nven t ion   s h o w i n g   the  h e a t i n g   c h a m b e r   and  t h e  

assoc ia ted   control  dev i ces .  

F igure   2  is  a  c i r c u i t   s c h e m a t i c   showing  the  interconnection  o f  

the  heating  elements,   control  relay  contac tors ,   flow  r e spons ive   s w i t c h ,  

t h e r m o s t a t   and  high  t empera tu re   cut-out  s w i t c h .  

Figure   3  is  a  f ron t   elevational   view  of  the  heating  chamber  o f  

the  in-line  liquid  heater  of  the  p r e s e n t   i n v e n t i o n   showing  the  w a t e r  

i n l e t .  

Figure   4  i s  a   p e r s p e c t i v e   view  of  the  liquid  deflection  ba f f l e  

used  at  the  inlet  of  the  heating  c h a m b e r .  

F igures   5  and  6  i l lustrate  the  movement   of  incoming  water  into 

a  prior  art  heating  chamber,   without  the  liquid  dispersing  baffle  of  t h e  

present   invent ion ,  



F i g u r e s  7   and  8  i l lustrate   the  movement  of  incoming  water  into 

the  heating  chamber  with  the  liquid  d i spers ing   baf f le   of  the  p r e s e n t  

inven t ion .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

The  in-line  l iquid  h e a t e r   which  is  the  subject  of  this  invent ion 

consists  of  a  number  of  in te r re la ted   elements,  all  of  which  are  s h o w n  

in  at  least  some  detail  in  Figure  1.  Each  component  will  be  expla ined 

in  detail  below. 

Bas ica l ly ,   the  in- l ine   l iquid  hea ter   comprises  elongated  h e a t i n g  

chamber  1  having  an  inlet   2  for  r ece iv ing   liquid  to  be  hea t ed   a n d  

o u t l e t   3  for  discharging  heated  liquid.  Electrical  heating  element  4  is 

disposed  inside  heating  chamber  1  for  heating  the  l iquid  as  the  l i q u i d  

f l o w s   d o w n s t r e a m   from  inlet   2  to  out le t   3.  H e a t i n g   e l e m e n t   4 

extends  into  heating  chamber  1  from  the  base  20  end  of  the  c h a m b e r  

th rough   a  t h r eaded   connec t ion .   Electrical  power  to  heating  element  4 

is  provided  through  relay  c o n t a c t o r s   6-8.  Relay   c o n t a c t o r s   6-8  a r e  
c o n t r o l l e d   by  f low  r e s p o n s i v e   switch  11,  t h e r m o s t a t   10  and  i t s  

associated  thermocouple  12,  and  high  temperature   cut-out  switch  9  a n d  

its  associated  thermocouple  13.  The  in-line  liquid  heater  of  this  inven-  

tion  also  includes  p ressure   r e l i e f   valve  14  which  p r e v e n t s   e x c e s s i v e  

pressure   from  building  inside  heating  chamber  1.  An  impor t an t   f e a t u r e  

of  this  invention  is  the  presence  of  deflector  baffle  Ie,  shown  in  F i g -  

ure  4,  in  inlet  2  of  h e a t i n g   chamber  1.  Deflector  baffle  18  d i r ec t s  

and  disperses  the  flow  of  incoming  liquid  to  provide  a  uniform  flow  o f  

l iquid  through  s u b s t a n t i a l l y   the  en t i r e   flow  c ross - sec t ion   of  h e a t i n g  

chamber  1  as  will  be  explained  below.  Such  a  flow  of  liquid  t h r o u g h  

the  hea t ing   chamber  is  necessary  to  prevent  the  creation  of  hot  spots  

and  improves  overall  heat  t r a n s f e r .  

With  fu r the r   " r e f e r e n c e   to  Figure  1,  heating  chamber  1  may  be 

fabricated  from  any  mater ia l   that  can  be  rigidly  fo rmed   and  has  h igh  

s t r e n g t h   and  is  c apab le   of  w i t h s t a n d i n g   t e m p e r a t u r e   well  above  t he  

operating  range  of  the  in-line  heater.   Such  m a t e r i a l s   include  c o p p e r  
and  cadminum,  and  certain  man-made  materials  such  as  fiberglass.  As 



shown  in  Figure  1,  heat ing  element  4  enters  the  base  or  upstream  e n d  

of  heat ing  chamber  1.  Heating  element  4  may  comprise  a  plurality  o f  

individual  e l e m e n t s   as  shown,   or  may  consis t   of  a  s ingle  e l e m e n t .  

H e a t i n g   e l e m e n t   4  may  also  be  fabricated  in  a  variety  of  g e o m e t r i c  

conf igurat ions .   However,   the  Applicants  have  realized  that  heating  e l e -  

m e n t s   having  a  s m o o t h   shea th   topography   as  shown,  are  superior  to 

using  f inned  or   convoluted  element  surfaces  by  reason   of  their   l o w e r  

cos t ,   f r eedom  from  s tagnant   liquid  flow  (whieh  would  occur  behind  the  

fins),  and  freedom  from  corrosion  and  scale  buildup.  

Fuse  block  25  and  re lay   contactors  6-8  may  be  selected  from  a  

variety  of  commerc ia l ly   available  fuse  blocks  and  relay  c o n t a c t o r s   a n d  

are  s e l e c t e d   based  upon  the  w a t t a g e   r a t ing   of  h e a t i n g   e lement   4. 

Two-stage  t he rmos ta t   10  and  high  t e m p e r a t u r e   c u t - o u t   switch  9  a n d  

t h e i r   a ssoc ia ted   thermocouples   12  and  13  may  also  be  selected  from  a  

variety  of  commerc ia l ly   available  devices.  In  the  preferred  e m b o d i m e n t  

of  the  i n v e n t i o n ,   t h e r m o s t a t   10  is  a  two-stage  t he rmos ta t   and  is  used 

to  control  the  t e m p e r a t u r e   of  the  liquid  d i s c h a r g e d   at  ou t le t   3  o f  

c h a m b e r   1  wi th in   a  p rede termined   tempera ture   range.  A  convent ional  

high  t e m p e r a t u r e   c u t - o u t   swi tch   9  is  used  to  i n t e r r u p t   e l e c t r i c a l  

power   to  h e a t i n g   e l e m e n t   4  should  the  t e m p e r a t u r e   inside  h e a t i n g  

chamber  1  rise  to  a  p rede te rmined   dangerous   level .   A  c o n v e n t i o n a l  

flow  r e s p o n s i v e   swi t ch   11  provides   an  output  signal  when  a  flow  of  

liquid  at  inlet   2  of  h e a t i n g   chamber   1  is  s ensed .   Flow  r e s p o n s i v e  

swi t ch   11  may,  for  example ,   be  a  series  F60  device  manufactured  by 

Johnson  Controls,  Inc.  Flow  responsive  switch  11,  toge ther   with  t h e r -  

m o s t a t   10 ,   high  t empera tu re   cut-out  switch  9  and  relay  contactors  6-8 

control  application  of  e lec t r ica l   power  to  heating  element  4  as  will  b e  

e x p l a i n e d   below  in  c o n n e c t i o n   with  Figure  2.  A  conventional  r e l i e f  

valve  14  is  provided  to  relieve  excessive  pressure  which  may  build  up 
inside  hea t ing   chamber  1. 

With  r e f e r e n c e   to  F igure   2,  a  s c h e m a t i c   d i a g r a m   is  s h o w n  

i l l u s t r a t i n g   the  e l e c t r i c a l   i n t e r c o n n e c t i o n   of  h e a t i n g   e l e m e n t   4 

( r e p r e s e n t e d   by  i n d i v i d u a l   e l e m e n t s   15-17),  r e lay   c o n t a c t o r   6 -7 ,  



the rmos ta t   10,  high  limit  switch  9,  flow  responsive  switch  11  and  f u s e  

Mock  25  w h e r e i n   the  included  elements  15-17  are  each  connected  to  a  

three-phase  power  source  5.  It  is  contemplated  that  the  e lements   m a y  
also  be  c o n n e c t e d   to  a  single  phase  source.  It  is  also  c o n t e m p l a t e d  

that  heating  e lement   4  may  be  of  a  wat tage  rating  selected  to  p rov ide  

a  des i red   rise  in  t e m p e r a t u r e   of  the  l iquid  e n t e r i n g   chamber   1  t o  

achieve  a  liquid  d i s cha rge   t e m p e r a t u r e   of  a  des i red   level   and  at  a  

desired  flow  rate .   For  example,  it  has  been  found  that  in  the  p r e s e n t  

invention,  a  13,500  watt  heating  e l e m e n t   can  p roduce   a  t e m p e r a t u r e  

rise  of  70°F   at  a  flow  ra te   of  1.5  gallons  per  minute  and  a  15,000 

watt  heating  e lement   can  produce   a  t e m p e r a t u r e   rise  of  70°F   at  a  

flow  ra te   of  5  ga l lons   per  minute.  Such  temperature   rises  and  f low 

ra tes   were  o b t a i n e d   using  a  h e a t i n g   chamber   of  a p p r o x i m a t e l y   16 

inches  in  length  and  2  inches  in  d i a m e t e r .  

In  the  p r e f e r r e d   e m b o d i m e n t   of  the  invention,  e lectr ical   p o w e r  
to  one  of  the  individual  heating  elements,   as  for  example   17,  is  e o n -  

t ro l led   by  flow  swi tch   11  and  high  t e m p e r a t u r e   c u t - o u t   swi t ch   9. 

Individual  e lements   15  and  16  are  further  controlled  by  two-stage  t h e r -  

mos t a t   10.  In  o p e r a t i o n ,   ind iv idua l   elements  15-17  are  d e - e n e r g i z e d  

until  a  flow  of  liquid  is  sensed  by  flow  switch  11.  When  a  flow  o f  

liquid  is  sensed,  individual  elements  16-17  are  energized  until  the  t e m -  

perature  of  the  discharged  liquid  reaches  a  p e r d e t e r m i n e d   upper  t e m -  

p e r a t u r e ,   e .g. ,   130°F .   When  the  predetermined  upper  t empera tu re   is 

reached,  individual  elements  16  and  17  are  de-energized  until  such  t i m e  

as  the  t e m p e r a t u r e   of  the  d i scha rged   liquid  reaches  a  p r e d e t e r m i n e d  

lower  t empera tu re ,   e.g.,  126°F,  and  individual  elements  15  and  16  a r e  

then  r e - e n e r g i z e d .  

Figure  3  i l lustrates  the  location  of  deflector  baffle  18,  shown  in 

Figure  4,  at  inlet  2 'o f   chamber  1.  As  shown  in  Figure  4,  d e f l e c t i o n  

baffle  18  may  be  fabricated  from  a  wide  variety  of  materials  that  can  

be  rigidly  fo rmed   and  can  w i t h s t a n d   t e m p e r a t u r e s   well  above  t h e  

normal   operating  range  of  the  in-line  heater .   Deflection  baffle  18  has  

a  formed  portion  or  lip  19  which  directs  the  incoming  flow  of  l i q u i d  



to  produce  a  controlled  amount  and  distribution  of  turbulence  as  shown 

in  Figures  7  and  8.  This  results  in  optimized  flow  and  heat  t r a n s f e r  

c o n d i t i o n s   up  the  entire  length  of  heating  chamber  1.  Formed  por t ion 

19  of  deflection  baffle  18  serves  to  both  d i r ec t   the  incoming  l i q u i d  

flow  downward   t o w a r d   base  20  and  also  diverge  (fan  out)  the  s t r e a m  

across  a  substantial   portion  of  the  eross-section  of  heating  chamber   1. 

This   r e s u l t s   in  t u r b u l e n t   mixing  of  the  i ncoming   s t r e a m   of  l i q u i d  

downward  along  base  20 of  h e a t i n g   e l e m e n t   4  with  l iquid  a l ready  in 

h e a t i n g   c h a m b e r   1.  The  s t r e a m   is  s p r e a d   su f f i c i en t ly   to  uniformly 

cover  the  entire  element  cluster .   The  significant  result  of  the  t u r b u -  

l e n e e   in  the  lower  end  of  heating  chamber  1  is  that  the  mixing  t h a t  

t a k e s   p lace   r e su l t s   in  a  more  uni form  flow  up  a long  the  e l e m e n t  

c l u s t e r   as  s h o w n .   Th i s   m i n i m i z e s   the  p r o b a b i l i t y   of  hot  s p o t s  

occurr ing   along  the  e lement   sheaths.   The  sides  of  the  element  c l u s t e r  

are  therefore   more  equally  coo led .  

D e f l e c t i o n   baf f le   18  creates   the  optimum  liquid  flow  pattern  by 

dispersing  the  flow  of  incoming  liquid  to  heating  chamber  1  at  inlet  2 

s u b s t a n t i a l l y   and  uniformly  over  the  base  of  heating  chamber  1.  It  is 

bel ieved  that  this  produces  a  uniform  laminar  flow  of  liquid  along  t h e  

h e a t i n g   c h a m b e r   over  subs t an t i a l l y   all  of  the  surface  area  of  hea t ing  

e l emen t   4.  Deflection  baffle  18  further  min imizes   undesired  r o t a t i o n a l  

f low  of  the  liquid  through  heating  chamber  1.  Rota t ional   flow  of  t he  

l iquid   can  resul t   in  l o c a l i z e d   t u r b u l e n c e   which  would  not  p e r m i t  

e f f i c i e n t   and  max imum  heat   t r a n s f e r   between  heating  element  4  and 

the  liquid.  This  condition  is  p roduced   because   the  liquid  would  n o t  

u n i f o r m l y   flow  over  s u b s t a n t i a l l y   all  of  the  surface  area  of  hea t i ng  

e l e m e n t   4,  r e s u l t i n g   in  the  f o r m a t i o n   of  hot  spots   in  the  h e a t i n g  

chamber   1. 

When  o p e r a t i n g   an  i m m e r s i o n   hea t i ng   e l e m e n t   at  high  power 

d e n s i t y   (in  t e rms   of  w a t t s   per  square   inch  of  s h e a t h   area) ,   it  i s  

e s s e n t i a l   tha t   s u f f i c i e n t   l iquid  flow  be  m a i n t a i n e d   over  the  en t i r e  

l e n g t h   of  the  e l e m e n t .   This  is  the  func t ion   d e f l e c t i o n   baff le   18 

s e r v e s .   Figure  5  i l lus t ra tes   the  effect   of  a  s traight  inlet  as  known  in 



the  prior  art.   Fluid  e n t e r s   the  h e a t i n g   chamber   as  an  u n d i v e r g e d  

s t r e a m .   Some  divergence  of  flow  occurs  as  the  incoming  fluid  impinges  

the  heating  elements  as  shown  in  Figure  6.  The  main  por t ion  of  t h e  

s t r e a m ,   howeve r ,   will  s imply   flow  be tween   the  elements  and  sp read  

along  the  opposite  wall  of  the  heating  chamber.  This  results  in  a  p ro -  
nounced   upward  flow  a long  the  opposite  wall  at  the  expense  of  f low 

upward  along  the  e lements   n e a r e s t   the  inlet .   This  i m b a l a n c e d   f l o w  

p a t t e r n   can  be  c o n t r a s t e d   to  that   shown  in  Figure  7  which  r e s u l t s  

from  the  baffled  inlet  of  the  present  invention.  The  folded  over  t u b e  

edge  serves   to  both  direct   the  incoming  liquid  flow  downward  aga ins t  

the  base  and  also  diverge  (fan  out)  the  stream  (Figure  8).  This  r e su l t s  

in  t u r b u l e n t   mixing  of  the  incoming  stream  downward  along  the  base  

of  the  heating  e lement   with  liquid  a l r eady   in  the  h e a t i n g   c h a m b e r .  

The  s t r e a m   is  spread   suff iciently  and  uniformly  over  the  c ross - sec t ion  

of  the  chamber  to  cover  the  entire  element  c l u s t e r .   The  s i g n i f i c a n t  

r e su l t   of  the  t u r b u l e n c e   in  the  lower  end  of  the  heating  chamber  is 

that  the  mixing  that  takes  place  apparently  results  in  a  more  u n i f o r m  

f low  up  a long   the  e l e m e n t   c lus t e r   as  shown  in  Figure  7.  T h i s  

minimizes  the  p r o b a b i l i t y   of  hot  spots  occu r r i ng   along  the  e l e m e n t  

s h e a t h s .   The  two  sides  of  the  e l e m e n t   c lus te r   are  therefore  more  

equally  c o o l e d .  

In  summary,   the  inlet  baffle  feature  of  the  in-line  liquid  h e a t i n g  

device  of  the  present  invention  optimizes  the  liquid  flow  pattern  w i th in  

the  hea t i ng   c h a m b e r ,   a l lowing  the  high  power  dens i ty   needed  f o r  

desired  volume  flow  rates  and  adequate  tempera ture   rise  without  s t e a m  

g e n e r a t i o n   p rob l ems .   This  method  is  superior  to  using  finned  or  c o n -  

voluted  element  surfaces  by  reason  of  the  fo l lowing:   (1)  the  use  o f  

lower  cost ,   smooth  sheath  immersion  heaters  is  permitted;   (2)  the  pos -  

s ib i l i ty   of  s t a g n a n t   flow  regions   b e h i n d   fins  is  e l i m i n a t e d ;   a n d  

(3)  corrosion  and  scale  buildup  problems  will  be  less  due  to  the  smoo th  

sheath  topography  and  reduced  surface  a r e a .  

O b v i o u s l y ,   m a n y   m o d i f i c a t i o n s   and  v a r i a t i o n s   of  t h e  

above-described  preferred  embodiment   will  become  a p p a r e n t   to  t h o s e  



ski l led   in  the  art   f rom  a  r e a d i n g   of  this  d i s c lo su re .   It  should  be  

realized  that  the  invention  is  not  limited  to  the  p a r t i c u l a r   a p p a r a t u s  

d i s c l o s e d ,   but  its  scope  is  intended  to  be  governed  only  by  the  s c o p e  
of  the  appended  c l a i m s .  



1 .  A n   i n - l i n e   l i q u i d   h e a t i n g   d e v i c e   f o r   p r o v i d i n g   a n  

i n s t a n t a n e o u s   s u p p l y   of  h e a t e d   l i q u i d   on  d e m a n d ,   s a i d   l i q u i d  

h e a t i n g   d e v i c e   c o m p r i s i n g   a  l i q u i d   h e a t i n g   c h a m b e r   (1)   h a v i n g  

an  i n l e t   (2 )   f o r   r e c e i v i n g   l i q u i d   to   be  h e a t e d   and   an  o u t l e t  

(3 )   f o r   d i s c h a r g i n g   h e a t e d   l i q u i d ,   h e a t i n g   m e a n s   (4 )   m o u n t e d  

in   s a i d   h e a t i n g   c h a m b e r   f o r   h e a t i n g   t h e   l i q u i d   and  d i s p e r s i n g  

m e a n s   ( 1 8 )   f o r   d i s p e r s i n g   t h e   f l o w   of  l i q u i d   e n t e r i n g   s a i d  

h e a t i n g   c h a m b e r   t h r o u g h o u t   a  s u b s t a n t i a l   p o r t i o n   of   t h e   f l o w  

c r o s s - s e c t i o n   of   s a i d   h e a t i n g   c h a m b e r   to   s u b s t a n t i a l l y  

p r e v e n t   t h e   f o r m a t i o n   of  a r e a s   of  s t a g n a n t   l i q u i d   in   s a i d  

h e a t i n g   c h a m b e r   w h i l e   l i q u i d   i s   b e i n g   d i s c h a r g e d   t h r o u g h  

s a i d   o u t l e t .  

2.  The  i n - l i n e   l i q u i d   h e a t i n g   d e v i c e   of   c l a i m   1 ,  

w h e r e i n   s a i d   l i q u i d   h e a t i n g   c h a m b e r   (1)   c o m p r i s e s   an  u p s t r e a m  

end   and  a  d o w n s t r e a m   end ,   s a i d   i n l e t   (2)   b e i n g   l o c a t e d   a d j a c e n t  

t h e   u p s t r e a m   end   of   s a i d   c h a m b e r   and  s a i d   o u t l e t   (3 )   b e i n g  

l o c a t e d   a d j a c e n t   t h e   d o w n s t r e a m   end  of   s a i d   c h a m b e r   a n d  

w h e r e i n   s a i d   h e a t i n g   means   (4)   c o m p r i s e s   a  b a s e   p o r t i o n   ( 2 0 )  

c o u p l e d   to   s a i d   c h a m b e r   and  h a v i n g   a t   l e a s t   one  h e a t i n g  

e l e m e n t   e x t e n d i n g   i n t o   s a i d   l i q u i d   h e a t i n g   c h a m b e r   f r o m   t h e  

u p s t r e a m   e n d .  

3.  The  i n - l i n e   l i q u i d   h e a t i n g   d e v i c e   of   c l a i m   2 ,  

w h e r e i n   s a i d   d i s p e r s i n g   means  (18 )   d i s p e r s e s   t h e   f l o w   o f  

l i q u i d   e n t e r i n g   s a i d   h e a t i n g   c h a m b e r   (1)   a t   s a i d   i n l e t   ( 2 )  

s u b s t a n t i a l l y   and  u n i f o r m l y   o v e r   t h e   b a s e   ( 2 0 )   w h e r e b y   f l u i d  

m o v e m e n t   t h r o u g h   s a i d   c h a m b e r   f rom  s a i d   u p s t r e a m   end  and  t o  

s a i d   d o w n s t r e a m   end  i s   p r o d u c e d   in  a  u n i f o r m   l a m i n a r   f l o w  

a l o n g   t h e   h e a t i n g   means   ( 4 ) .  

4.  The  i n - l i n e   l i q u i d   h e a t i n g   d e v i c e   of   c l a i m   2 ,  



w h e r e i n   s a i d   d i s p e r s i n g   m e a n s   ( 1 8 )   s u b s t a n t i a l l y   m i n i m i z e s  

r o t a t i o n a l   f l o w   o f   t h e   l i q u i d   as   i t   m o v e s   f r o m   s a i d   u p s t r e a m  

e n d   to   s a i d   d o w n s t r e a m   e n d .  

5.  The  i n - l i n e   l i q u i d   h e a t i n g   d e v i c e   of   c l a i m   2 ,  

w h e r e i n   s a i d   d i s p e r s i n g   m e a n s   ( 1 8 )   s u b s t a n t i a l l y   e l i m i n a t e s  

l o c a l i z e d   t u r b u l e n c e   o f   s a i d   l i q u i d   as   i t   moves   f rom  s a i d  

u p s t r e a m   end  to  s a i d   d o w n s t r e a m   e n d .  

6.  The  i n - l i n e   l i q u i d   h e a t i n g   d e v i c e   of   c l a i m   2 ,  

w h e r e i n   t h e   t r a n s f e r   o f   h e a t   b e t w e e n   s a i d   h e a t i n g   means   ( 4 )  

a n d   t h e   l i q u i d   i s   u n i f o r m   o v e r   s u b s t a n t i a l l y   a l l   of  t h e  

s u r f a c e   a r e a   of  s a i d   h e a t i n g   e l e m e n t .  

7.  The  i n - l i n e   l i q u i d   h e a t i n g   d e v i c e   of   c l a i m   2 ,  

w h e r e i n   s a i d   h e a t i n g   e l e m e n t   i s   an  e l e c t r i c a l   r e s i s t a n c e  

h e a t i n g   e l e m e n t .  

8.  The  i n - l i n e   l i q u i d   h e a t i n g   d e v i c e   of   c l a i m   1 ,  

f u r t h e r   c o m p r i s i n g   f l o w   s e n s i n g   m e a n s   ( 1 1 ) ,   o p e r a t i v e l y  

c o u p l e d   to   s a i d   i n l e t   ( 2 ) ,   f o r   s e n s i n g   a  f l o w   of   l i q u i d  

e n t e r i n g   s a i d   h e a t i n g   c h a m b e r   ( 1 ) ,   and   s e n s i n g   means   b e i n g  

c o u p l e d   to   s a i d   h e a t i n g   m e a n s   (4 )   f o r   a c t i v a t i n g   s a i d   h e a t i n g  

m e a n s   t o   t h e r e b y   h e a t   s a i d   l i q u i d   when   a  l i q u i d   f l o w   i s  

s e n s e d .  

9.  The  i n - l i n e   l i q u i d   h e a t i n g   d e v i c e   o f   c l a i m   8 ,  

w h e r e i n   s a i d   f l o w   s e n s i n g   m e a n s   ( 1 1 )   i s   an  e l e c t r i c a l   f l o w  

r e s p o n s i v e   s w i t c h .  

10 .   The  i n - l i n e   l i q u i d   h e a t i n g   d e v i c e   of   c l a i m   1 ,  

f u r t h e r   c o m p r i s i n g   t e m p e r a t u r e   c o n t r o l   m e a n s   ( 1 0 )   o p e r a t i v e l y  

c o u p l e d   to   s a i d   c h a m b e r   (1)   and   s a i d   h e a t i n g   m e a n s   (4 )   f o r  

m a i n t a i n i n g   t h e   l i q u i d   d i s c h a r g e d   f r o m   s a i d   o u t l e t   (3)   w i t h i n  

a  p r e d e t e r m i n e d   t e m p e r a t u r e   r a n g e .  

11 .   The  i n - l i n e   l i q u i d   h e a t i n g   d e v i c e   of   c l a i m   1 0 ,  

w h e r e i n   s a i d   t e m p e r a t u r e   c o n t r o l   m e a n s   ( 1 0 )   i s   a  t w o - s t a g e  



t h e r m o s t a t .  

12.  The  i n - l i n e   l i q u i d   h e a t i n g   d e v i c e   of   c l a i m   1 ,  

f u r t h e r   c o m p r i s i n g   a  h i g h   t e m p e r a t u r e   s a f e t y   c u t o f f   m e a n s   ( 9 )  

f o r   d e a c t i v a t i n g   s a i d   h e a t i n g   means   (4 )   when   t he   t e m p e r a t u r e  

of   s a i d   h e a t i n g   c h a m b e r   (1)  e x c e e d s   a  p r e d e t e r m i n e d  

t e m p e r a t u r e .  

13.  The  i n - l i n e   l i q u i d   h e a t i n g   d e v i c e   of   c l a i m   1 2 ,  

w h e r e i n   s a i d   h i g h   t e m p e r a t u r e   s a f e t y   c u t o f f   m e a n s   (9)   i s   a  

h i g h   t e m p e r a t u r e   l i m i t   s w i t c h .  

14.  The  i n - l i n e   l i q u i d   h e a t i n g   d e v i c e   of   c l a i m   1 ,  

f u r t h e r   c o m p r i s i n g   a  h i g h   p r e s s u r e   s a f e t y   r e l i e f   means   ( 1 4 )  

o p e r a t i v e l y   c o u p l e d   to   s a i d   c h a m b e r   (1 )   f o r   r e l i e v i n g   t h e  

p r e s s u r e   w i t h i n   s a i d   c h a m b e r   when  a  p r e d e t e r m i n e d   h i g h  

p r e s s u r e   i s   e x c e e d e d .  

15.  The  i n - l i n e   l i q u i d   h e a t i n g   d e v i c e   of   c l a i m   1 4 ,  

w h e r e i n   s a i d   h i g h   p r e s s u r e   s a f e t y   r e l i e f   m e a n s   ( 1 4 )   i s   a  

p r e s s u r e   r e l i e f   v a l v e .  

16.  In  an  i n - l i n e   l i q u i d   h e a t i n g   d e v i c e   f o r   p r o v i d i n g  

an  i n s t a n t a n e o u s   s u p p l y   of  h e a t e d   l i q u i d   on  demand   of   t h e  

t y p e   h a v i n g   a  b a s e   ( 2 0 ) ,   a  l i q u i d   h e a t i n g   c h a m b e r   ( 1 )  

c o u p l e d   to  t h e   b a s e   h a v i n g   an  i n l e t   (2)   a t   an  u p s t r e a m   e n d  

of   s a i d   c h a m b e r   a d j a c e n t   s a i d   b a s e   and  an  o u t l e t   ( 3 )  

a d j a c e n t   a  d o w n s t r e a m   end  of  s a i d   c h a m b e r ,   and   h e a t i n g  

m e a n s   (4)   in   s a i d   c h a m b e r   e x t e n d i n g   f r o m   s a i d   b a s e   f o r  

h e a t i n g   t h e   l i q u i d ,   t h e   i m p r o v e m e n t   c o m p r i s i n g   d i s p e r s i n g  

m e a n s   (18 )   f o r   d i s p e r s i n g   t h e   f l o w   of  l i q u i d   e n t e r i n g   s a i d  

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

o v e r   t h e   b a s e   w h e r e i n   t h e   t r a n s f e r   of   h e a t   b e t w e e n   s a i d  

h e a t i n g   means   and   l i q u i d   i s   u n i f o r m   o v e r   s u b s t a n t i a l l y   a l l  

of  t h e   s u r f a c e   a r e a   of  s a i d   h e a t i n g   e l e m e n t .  



17.   A  m e t h o d   f o r   p r o v i d i n g   an  i n s t a n t a n e o u s   s u p p l y   o f  

u n i f o r m l y   h e a t e d   l i q u i d   f r o m   an  i n - l i n e   o n - d e m a n d   h e a t e r  

h a v i n g   a  b a s e   ( 2 0 ) ,   a  l i q u i d   h e a t i n g   c h a m b e r   (1)   c o u p l e d  

t o   s a i d   b a s e   h a v i n g   an  i n l e t   ( 2 )   a t   an  u p s t r e a m   end  o f  

s a i d   c h a m b e r   a d j a c e n t   s a i d   b a s e   a n d   an  o u t l e t   (3)   a d j a c e n t  

a  d o w n s t r e a m   end  of   s a i d   c h a m b e r   a n d   h e a t i n g   means   (4 )   i n  

s a i d   c h a m b e r   e x t e n d i n g   f r o m   s a i d   b a s e   f o r   h e a t i n g   t h e   l i q u i d ,  

t h e   m e t h o d   c o m p r i s i n g   t h e   s t e p s   o f   f e e d i n g   u n h e a t e d   l i q u i d  

t o   s a i d   c h a m b e r   t h r o u g h   s a i d   i n l e t ,   d i s p e r s i n g   t h e   f l o w   o f  

i n c o m i n g   l i q u i d   e n t e r i n g   s a i d   c h a m b e r   s u b s t a n t i a l l y   a n d  

u n i f o r m l y   o v e r   s a i d   b a s e   w h e r e i n   t h e   t r a n s f e r   of   h e a t  

b e t w e e n   s a i d   h e a t i n g   m e a n s   a n d   t h e   l i q u i d   i s   u n i f o r m   o v e r  

s u b s t a n t i a l l y   a l l   of   t h e   s u r f a c e   a r e a   o f   s a i d   h e a t i n g  

e l e m e n t   and   r e m o v i n g   h e a t e d   l i q u i d   to   s a i d   o u t l e t .  
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