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©  Improvements  in  or  relating  to  heat  pipes. 
O  A  heat  pipe  assembly  having  a  heat  pump  arranged  in 
association  with  a  heat  sink.  The  heat  pipe  is  principally  a 
conformable  garment,  and  the  assembly  may  include  dis- 
mantleable  connection  means  and  pump  means  for  evacuat- 
ing  the  heat  pipe  interior  and/or  pumping  the  fluid. 



The  p re sen t   i n v e n t i o n   r e l a t e s   to  heat  p ipes ,   e s p e c i a l l y  

those   c o n s t i t u t e d   as  thermal   c o n d i t i o n i n g   garment  a s s e m b l i e s  

for   pe r sonne l   u s e  i n   hot  env i ronment s .   I t   is  concerned  w i t h  

the  p r o v i s i o n   of  thermal  c o n d i t i o n i n g   in  c i r cums tances   where  

some  power,  but  n o t n e c e s s a r i l y   a  lower  t empera tu re   e n v i r o n m e n t ,  

is  a v a i l a b l e   f o r  h e a t   sink  p u r p o s e s .  

In  UK  Pa ten t   S p e c i f i c a t i o n   8106782  the re   is  d e s c r i b e d  

a  f l e x i b l e   or  conformable  heat  pipe  assembly  in  sheet  form 

and  s u i t a b l e   for   use  as  a  thermal   c o n d i t i o n i n g   garment,   t h e  

assembly  having  a  r e t i c u l a t e d   s t r u c t u r e   i n c l u d i n g   w i c k i n g  

and  void  con t inua ,   an  impermeable  p l a s t i c s   fi lm  e n v e l o p e  

s u r r o u n d i n g   the  s t r u c t u r e ,   and  means  by  which  the  a s s e m b l y  

may  be  ou tgas sed   and  evacua ted   and  l i q u i d   i n t r o d u c e d   t h e r e i n t o .  

According  to  the  p resen t   i n v e n t i o n   a  heat  pipe  a s s e m b l y  

comprises  a  heat  r e c e i v e r   of  heat  pipe  c o n s t r u c t i o n   f o r  

p r o v i d i n g   thermal   c o n d i t i o n i n g   to  a  person  or  a p p a r a t u s ,   a  

compressor   and  a  heat  sink  c o n s t i t u t i n g   a  heat  pump,  n o n -  

r e t u r n   valve  means  for  p r e v e n t i n g   l i q u i d   r e tu rn   into  the  h e a t  

s ink,   a  vapour  duct  connec t ing   the  heat  r e c e i v e r   and  t h e  

compressor ,   and  a  l i q u i d   duct  connec t ing   the  heat  sink  w i t h  

the  heat  r e c e i v e r .   The  assembly  may  also  inc lude   an  e v a c u a t o r  

for  e v a c u a t i n g   and  m a i n t a i n i n g   evacua ted   the  i n t e r i o r   of  t h e  

assembly,   and  connector   means  for   e s t a b l i s h i n g   and  d i s -  

e s t a b l i s h i n g   communication  between  the  heat  r e c e i v e r   and  t h e  

compressor   a s  d e s c r i b e d   in  co-pending   UK  Pa ten t   A p p l i c a t i o n  



8129022.  The  e v a c u a t o r   may  be  tha t   d e s c r i b e d   in  c o - p e n d i n g  

UK  Pa ten t   A p p l i c a t i o n .   The  connector   means,  i f   employed ,  

may  inc lude   va lves   which  i s o l a t e   the  i n t e r i o r   of  the  a s s e m b l y  

from  the  env i ronment   when  d i s c o n n e c t e d .  

By  the  p r e s e n t   i n v e n t i o n   is  con fe r r ed   upon  t r a d i t i o n a l  

heat  pipes  the  f a c i l i t y   of  a f f o r d i n g   coo l ing   even  though  t h e  

heat  s ink  is  r e q u i r e d   to  opera te   at  a  t e m p e r a t u r e   about  t h e  

same  as  or  perhaps   h i g h e r   than  tha t   of  the  su r f ace   to  b e  

cooled.   The  compressor   r a i s e s   the  t e m p e r a t u r e   of  the  v a p o u r  

from  the  heat   p ipe,   which  in  then  condensing  in  the  heat  s i n k  

and  r e v e r t i n g   to  the  p r e s s u r e   of  the  heat  pipe  i n t e r i o r  

r e t u r n s   to  the  heat  pipe  as  l i q u i d   at  a  t e m p e r a t u r e   be low 

tha t   of  the  s u r f a c e   to  be  c o o l e d .  

This  f a c i l i t y   in  t u r n   enables   heat  pipes  to  be  employed  

in  a p p a r a t u s   for   space  h e a t i n g   and  e n v i r o n m e n t a l  

c o n d i t i o n i n g ,   s o l a r   energy  c o l l e c t i o n ,   r e c o v e r i n g   energy  i n  

va r ious   forms,   and  v e h i c l e   i n t e r i o r   h e a t i n g   and  fuel   p r e -  

h e a t i n g   us ing   heat  from  engine  eghaust   m a n i f o l d s .  

A  p r i n c i p a l   embodiment  of  the  i n v e n t i o n   however  is  a n  

assembly  for   p e r s o n a l   thermal   c o n d i t i o n i n g ,   in  which  the  h e a t  

r e c e i v e r   e lement   is  a  garment  p e r h a p s  a s   d e s c r i b e d   in  UK 

Patent   S p e c i f i c a t i o n   8106782.  The  garment,   for   use  b y  

pe r sonne l   such  as  a i rcrewmen  or  metal  or  g l a s s   f o u n d r y  

workers ,   may  thus   be  in  poncho  form  for   l i n i n g   a  c l o t h i n g  

assembly.   The  r e c e i v e r   element  may,  p a r t i c u l a r l y   where  i t  

is  to  be  remote  from  or  somewhat  above  the  heat  s i n k ,  

i n c o r p o r a t e   the  l i q u i d   d i s t r i b u t i o n   means  d e s c r i b e d   i n  

co-pending  UK  Pa t en t   A p p l i c a t i o n   8129014  which  means 

comprises   an  e l o n g a t e   p e r f o r a t e   tube  c o n t a c t i n g   t h e  

wicking  t h r o u g h o u t   i t s   p e r f o r a t e   l e n g t h .   The  p e r f o r a t i o n  
which  may  comprise  holes   or  a  cont inuous   s l i t ,   is  p r e f e r a b l y  

s i t e d   so  t h a t   in  use  i t ,   and  the  d i s t r i b u t i o n   means  a  w h o l e ,  

is  in  an  uppermost   l o c a t i o n   with  r e spec t   to  the  w i c k i n g .  



The  n o n - r e t u r n   valve  may,  a c c o r d i n g   to  a  f e a t u r e   o f  

the  i n v e n t i o n ,   be  a  l i q u i d   pump,  as  d e s c r i b e d   in  c o - p e n d i n g  

UK  Pa ten t   A p p l i c a t i o n   8129025,  and  adapted   to  supply  t h e  

above  d e s c r i b e d   d i s t r i b u t i o n   means  where  the  said  means  a r e  

f i t t e d .  

The  heat  sink  element  of  the  heat  pump  may  be  the  a i r  

blown  wick  a s s i s t e d   condenser   sink  (ABWACS)  d e s c r i b e d   i n  

co-pending   UK  Pa ten t   A p p l i c a t i o n  8 1 2 9 0 2 7 .  

The  compressor ,   and where  f i t t e d   the  evacua to r ,   l i q u i d  

pump  and  heat  s ink  a i r   blower  may  be  commonly  powered  by  a  

motor,  and  the  motor  may  be  t h e r m o s t a t i c a l l y   c o n t r o l l e d .  

A  heat  pipe  assembly  in  accordance   with  the  p r e s e n t  

i n v e n t i o n   wi l l   now  be  de sc r ibed   by  way  of  example,  w i t h  

r e f e r e n c e   to  the  accompanying  drawings ,   of  w h i c h :  

Figure  1  i l l u s t r a t e s   s c h e m a t i c a l l y   a  t h e r m a l  

c o n d i t i o n i n g   garment  a s s e m b l y ,  

Figure   2  is  a  s e c t i o n   at  s t a t i o n   II  in  Figure  1, 

Figure  3  is  a  s e c t i o n   at  s t a t i o n   I I I   in  Figure  1,  and  

Figure  4  is  a  part   s e c t i o n a l   i s o m e t r i c   view  of  a  h e a t  

pump  heat  s i n k .  

The  heat  pipe  assembly  shown  in  the  drawings  c o m p r i s e s  

a  heat  r e c e i v e r   element  in  the  form  of  a  conformal  t h e r m a l  

c o n d i t i o n i n g   poncho  10,  a  connec tor   PEC,  a  heat  sink  ABWACS, 

a  l i q u i d   pump  11,  a  motor  MPU,  a  compressor   12,  an  e v a c u a t o r  

13  and  an  a i r   blower  pump  14. 

The  poncho  10  comprises  a  f l e x i b l e   r e t i c u l a t e d   woven 

p l a s t i c s   s t r u c t u r e   20  having  at  i t s   working  face  a  

p e r f o r a t e d   wick  21  and  sur rounded  by  an  impermeable  p l a s t i c s  

envelope  22.  The  s t r u c t u r e   20  p rov ides   a  continuum  b e h i n d  

the  wick  21  and  th roughout   the  garment.   The  garment  c a r r i e s  

an  u m b i l i c a l   heat  t r a n s f e r   lead  23  l e a d i n g   to  the  c o n n e c t o r  

PEC.  The  garment  is  t h e r e f o r e   s u b s t a n t i a l l y   s i m i l a r   i n  



c o n s t r u c t i o n   to  tha t   d e s c r i b e d   in  UK  Patent   S p e c i f i c a t i o n  

8106782.  

The  u m b i l i c a l   l ead   23  is  a r r anged   for  the  conveyance  

of  cool  l i q u i d   to  and  vapour  from  the  garment.   Thus  t h e  

poncho  10  and  lead  23  con ta in   l i q u i d   d i s t r i b u t i o n   means 

in  the  form  of  a  f l e x i b l e   p l a s t i c s   tube  24  l e a d i n g   from  t h e  

lead  23  up  one  -side  of  the  garment,   across   the  s h o u l d e r s  

and  around  the  neck  of  the  garment.   Across  the  neck  f r o n t  

and  back,  ie  in  the  r eg ion   I I ,   and  across   the  s h o u l d e r s ,  

ie  in  r eg ion   I I I ,   the  tube  24  is  s l i t   in  a  s u b s t a n t i a l l y  

uppermost   l o c a t i o n .   Edges  25  of  the  wick  21  are  held  i n  

the  s l i t s   by  t h r e a d   26  sewn  through  the  f e l t s   and  p a s s e d  

around  the  tube  24.  

At  the  connec to r   PEC  the  l i q u i d   and  vapour  ducts   a r e  

s e p a r a t e d ,   a  l i q u i d   duct  30  being  connected  v ia   the  l i q u i d  

pump  11,  w i th   the  heat  sink ABWAGS,  and  a  vapour   duct  31 

being  connec ted   via   a  compressor   12  wi th   the  h e a t  s i n k   ABWACS. 

A  tee  32  from  the  duct  31  l eads   to  the  e v a c u a t o r   13  w h i l e  

an  a i r   duct  33  connects   the  blower  with  the  heat  sink ABWACS. 

The  heat   s ink   ABWACS  has  an  a s s o c i a t e d   water   r e s e r v o i r   34.  

The  heat   s ink  ABWACS  comprises ,   as  shown  in  F igure   4 ,  

a  condenser   of  e x t e n s i v e   su r f ace   40,  l o n g i t u d i n a l   furrows  41 

whereof  lead   to  a  c o l l e c t o r   t rough   42,  an  e v a p o r a t o r  

compr i s ing   a  fur rowed  wick  43,  a  l i q u i d   d i s t r i b u t o r   44  f o r  

f e e d i n g   l i q u i d   to  the  wick  43,  and  a  t h e r m a l l y   c o n d u c t i v e  

screen   45  i s o l a t i n g   the  wick  43  from  the  condenser .   A  h o u s i n g  

46  enc loses   the  condenser   and  the  e v a p o r a t o r ,   p r o v i d i n g   a  

guide  for   a i r   blown  over  the  wick  43 .  

The  motor  MPU  is  a r r a n g e d   for  d r i v i n g   the  pump  11,  t h e  

compressor   12,  the  b lower   14  and  the  evacua to r   13 

i n t e r m i t t e n t l y .   The  pump  11  is  a  p e r i s t a l t i c   pump  t o  

p r e s e r v e   duc t i ng   i n t e g r i t y ,   and  serves  as  a  n o n - r e t u r n  

valve  to  the  heat  s ink  ABWACS.  The  compressor  12  s e r v e s  

p a r t i a l l y   to  condense  and  to  r a i s e   the  t e m p e r a t u r e   of  t h e  



vapour  to  f a c i l i t a t e   o p e r a t i o n   of  the  heat   sink  ABWACS. 

The  evacua tor   13  serves   to  m a i n t a i n   a  low  p re s su re   r e g i m e  

wi th in   the  assembly,   and  is  p a r t i c u l a r l y   desc r ibed   i n  

co-pending  Pa tent   UK  A p p l i c a t i o n   8129028.  The  a i r   blower  14 

and  the  r e s e r v o i r   34  a s s o c i a t e d   with  the  heat  sink  ABWACS 

are  more  p a r t i c u l a r l y   d e s c r i b e d   in  co-pending   UK  P a t e n t  

A p p l i c a t i o n   8129027.  

The  connector   PEC  i nc ludes   va lves   by  which  the  garment  10 

is  i s o l a t a b l e ,   so  tha t   it  can  be  s u p p l i e d   for   use  a l r e a d y  

ou tgassed   and  perhaps  p a r t i a l l y   e v a c u a t e d .  

The  assembly  is  p repa red   for   use  by  being  connected  a s  

d e s c r i b e d   and  shewn,  when  the  connec to r   PEC  a u t o m a t i c a l l y  

e s t a b l i s h e s   communication  between  ducts   24  and  30  e tc ,   t h e  

poncho  donned  by  someone  about  to  e n t e r   a  hot  e n v i r o n m e n t ,  

and  the  heat  sink  ABWAGS  and  the  r e s e r v o i r   34  charged  w i t h  

water .   The  motor  MPU  is  swi tched   on  when  the  environment  t o  

the  garment  wearer  has  become  hot .   Then  the  pump  11  pumps 

water   from  the  sink  ABWACS  via   the  ducts   30  and  24  into  t h e  

garment  10  and  the  compressor  12,  by  compressing  the  v a p o u r  
i t   r e c e i v e s   from  the  garment  via  the  duct  31,  r a i s e s   t h e  

t empera tu re   t h e r e o f   while   p a s s i n g   i t   to  the  sink  ABWACS. 

The  evacua to r   13,  o p e r a t i v e   i n i t i a l l y ,   evacuates   the  a s s e m b l y  

to  a  r equ i r ed   vacuum.  Then  i t   is  swi tched   off  and  o n l y  

cuts  in  o c c a s i o n a l l y   t h e r e a f t e r ,   e i t h e r   on  a  time  b a s i s  

or  due  to  a  p ressure   t r a n s d u c e r .   In  the  sink  ABWACS  t h e  

vapour  is  condensed  and  the  water   so  formed  cooled.  This  i s  

p r i n c i p a l l y   e f f e c t e d   by  means  of  thermal   contact   over  an  

e x t e n s i v e   area  between  the  working  f l u i d   and  a  f e l t   in  t h e  

sink  moistened  with  water   from  the  r e s e r v o i r   34  and  d r ied   b y  

a i r f low  from  the  blower  14  and  duct  33.  

The  vapour  in  the  condenser   condenses  and  the  water   r u n s  

along  the  furrow?  41,  into  the  t rough   42  and  the  pipe  30 .  

The  pump  11  a d d i t i o n a l l y   ac ts   as  a  n o n - r e t u r n   valve  b e t w e e n  



the  s ink  ABWAGS  and  the  garment.   The  genera l   low  p r e s s u r e  

of  the  assembly   is  ma in ta ined   by  the  evacua to r   32.  

Garments  in  accordance  with  the  i n v e n t i o n   may  be  worn  

by  p e r s o n n e l   working  in  hot  env i ronmen t s ,   such  as  m i l i t a r y  

p e r s o n n e l ,   p a r t i c u l a r l y   tank  crew  and  a i r c r ew ,   and  f u r n a c e  

o p e r a t i v e s .   They  may  be  p a r t i c u l a r l y   u s e f u l   in  the  a i r c r e w  

con tex t ,   f o r   in  the  event  of  emergency  egress   over  sea  t h e  

connec tor   PEC,  which  may  be  part   of  an  e j e c t o r   seat   mounted  

pe r sona l   equipment   connec tor ,   may  be  a r ranged   both  t o  

i s o l a t e   the  i n t e r i o r   of  the  garment  and  to  minimise  t h e  

ex ten t   to  which  i t   and  the  lead  23  can  act  as  a  h e a t  

sink  per  s e .  



1.  A  heat  pipe  assembly  compr is ing   a  heat   r e c e i v e r   of  heat  p i p e  

c o n s t r u c t i o n   for   p r o v i d i n g   thermal   c o n d i t i o n i n g   to  a  person  o r  

a p p a r a t u s ,   a  compressor   and  a  heat   s ink  c o n s t i t u t i n g   a  heat  pump, 

n o n - r e t u r n   valve  means  for  p r e v e n t i n g   l i q u i d   r e t u r n   into  the  h e a t  

s ink ,   a  vapour  duct  connec t ing   the  heat   r e c e i v e r   and  t h e  

compressor ,   and  a  l i q u i d   duct  c o n n e c t i n g   the  heat  sink  with  t h e  

heat   r e c e i v e r .  

2.  A  heat  pipe  assembly  as  claimed  in  claim  1  and  i n c o r p o r a t i n g  

an  evacua to r   for  evacua t i ng   and  m a i n t a i n i n g   evacuated   t h e  i n t e r i o r  

of  the  a s s e m b l y .  

3.  A  heat  p ipe  assembly  as  claimed  in  claim  1  and  h a v i n g  
connec to r   means  for  e s t a b l i s h i n g   and  d i s e s t a b l i s h i n g   communica t ion  

between  the  heat   r e c e i v e r   and  the  c o m p r e s s o r .  

4.  A  heat  pipe  assembly  as  c laimed  in  claim  3  and  wherein  t h e  

connec tor   means  comprises   va lves   which  i s o l a t e   the  i n t e r i o r   o f  

the  assembly  from  the  environment  when  d i s c o n n e c t e d .  

5.  A  heat  pipe  assembly  as  claimed  in  claim  1  and  wherein  t h e  

heat   r e c e i v e r   is  in  sheet   f o rm.  

6.  A  heat  pipe  assembly  as  claimed  in  claim  5  and  wherein  t h e  

heat   r e c e i v e r   is  c o n f o r m a b l e .  

7.  A  heat  pipe  assembly  as  claimed  in  claim  6  and  wherein  t h e  

heat   r e c e i v e r   is  in  garment  f o rm.  

8.  A  heat  pipe  assembly  as  claimed  in  claim  1  and  wherein  t h e  

n o n - r e t u r n   valve  is  a  l i q u i d   pump. 

9.  A  heat  pipe  assembly  as  claimed  in  claim  1  and  wherein  t h e  

heat   sink  element  is  an  a i r   blown  wick  a s s i s t e d   condenser   s i n k .  
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