
J )  J E u r o p a i s c h . e s   

Patentamt 

European  Patent  Office  ®  Publication  number:  0 1 4 8   6 0 9  

Office  europeen  des  brevets  B 1  

@  EUROPEAN  PATENT  SPECIFICATION 

(45)  Date  of  publication  of  patent  specification:  08.06.88  ©  Int.  CI.4:  F  28  F  1/40,  F  28  F  13 /18  

(21)  Application  number:  84308707.3 

@  Date  of  filing:  13.12.84 

@  Heat-transfer  tubes  with  grooved  inner  surface. 

(D  Priority:  28.12.83  JP  252191/83 

Date  of  publication  of  application: 
17.07.85  Bulletin  85/29 

Publication  of  the  grant  ofthe  patent: 
08.06.88  Bulletin  88/23 

(84)  Designated  Contracting  States: 
DEFRGBIT 

(58)  References  cited: 
DE-A-2  552  679 
FR-A-1444696 
US-A-3  088494 

GQ  PATENTS  ABSTRACTS  OF  JAPAN,  vol.  5,  no. 
193  (M-101)865r,  9th  December  1981  ;  &  JP  -  A  - 

O)  56  1  13  998  (HITACHI  SEISAKUSHO  K.K.)  08-09- 
Q   1981 

PATENTS  ABSTRACTS  OF  JAPAN,  vol.  6,  no. 
CO  256  (M-179)1134r,  15th  December  1982;  &  JP  - 
2   A-57150  799(FURUKAWADENKIKOGYP 
21  K.K.)  17-09-1982 

(73)  Proprietor:  HITACHI  CABLE,  LTD. 
1-2,  Marunouchi  2-chome 
Chiyoda-ku  Tokyo  100  (JP) 

32)  Inventor:  Shinohara,  Yoshihiro  c/o  Tsuchiura 
Factory 
Hitachi  Cable,  Ltd  3550,  Kidamari 
Tsuchiura-shi  Ibaragi-ken  (JP) 
Inventor:  Oizumi,  Kiyoshi  c/o  Tsuchiura  Factory 
Hitachi  Cable,  Ltd  3550,  Kidamari 
Tsuchiura-shi  Ibaragi-ken  (JP) 
Inventor:  Ito,  Yasuhiko  c/o  Tsuchiura  Factory 
Hitachi  Cable,  Ltd  3550,  Kidamari 
Tsuchiura-shi  Ibaragi-ken  (JP) 
Inventor:  Hori,  Makoto  c/o  Tsuchiura  Factory 
Hitachi  Cable,  Ltd  3550,  Kidamari 
Tsuchiura-shi  Ibaragi-ken  (JP) 

(74)  Representative:  Arthur,  Bryan  Edward  et  al 
Withers  &  Rogers  4  Dyer's  Buildings  Holborn 
London  EC1N2JT(GB) 

0 .  
UJ 

Note:  Within  nine  months  from  the  publication  of  the  mention  ofthe  grant  ot  the  turopean  patent,  any  person  may 
give  notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted.  Notice  of  opposition  shall 
be  filed  in  a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been  filed  until  the  opposition  fee  has  been 
paid.  (Art.  99(1)  European  patent  convention). 

Courier  Press,  Leamington  Spa,  England. 



1 D  148  6 0 9  2 

Description 

The  present  invention  relates  to  a  heat-trans- 
fer  tube  with  a  grooved  inner  surface  and,  more 
particularly,  to  an  improved  inner  surface 
grooved  heat-transfer  tube  adapted  to  phase- 
transition  of  fluid  flowing  inside  the  tube  and  to  a 
heat  exchanger  such  as  an  air  conditioner, 
refrigerator,  boiler,  etc.  including  the  improved 
heat-transfer  tube. 

The  inner  surface  grooved  heat-transfer  tube 
(called  "inner  surface  grooved  tube"  hereinafter) 
has  a  number  of  spiral  grooves  on  an  inner 
surface  of  a  metal  tube  such  as  copper  tube  and 
the  like,  as  shown  in  Figure  1. 

In  the  abstract  of  Japanese  Patent  Application 
No.  56-113998A  (Hitachi  Seisakusho  KK) 
published  in  Patent  Abstracts  of  Japan,  Vol.  5, 
No.  193  of  9th  December  1981,  there  is  described 
a  heat  conduction  pipe  for  vapour-liquid  two- 
phase  flow,  e.g.  in  an  air  conditioner,  in  which 
special  grooves  are  provided  in  the  internal  wall 
of  the  pipe.  The  helix  angle  of  the  grooves  is  less 
than  30°  and  the  ratio  ofthe  depth  ofthe  grooves 
to  the  inside  diameter  of  the  tube  is  0.03  or  less. 

While  conventional  inner  surface  grooved 
tubes  can  be  improved  by  limiting  the  depth, 
shape  and  helix  angle  of  the  grooves,  etc.  they 
do  not  sufficiently  meet  the  requirements  of 
users.  The  maximal  reason  for  it  is  due  to  the 
low  ratio  of  heat-transfer  characteristic  to  manu- 
facturing  cost  of  the  tube.  That  is,  because  the 
inner  surface  grooved  tube  has  an  inner  surface 
of  fine  and  irregular  structure,  it  is  difficult  to 
provide  the  stable  quality  to  the  tube  unless 
utilizing  a  rolling  process.  However,  the  rolling 
process  has  the  limitation  in  production  speed 
based  on  the  revolution  rate  of  a  motor  and  the 
like,  in  other  words,  the  limitation  of  manufactur- 
ing  cost.  On  the  other  hand,  a  groove  free  tube 
can  be  made  by  a  high  speed  drawing  process. 

Therefore,  considering  the  conventional  inner 
surface  grooved  tube  based  on  the  ratio  of  the 
heat-transfer  characteristic  to  the  manufacturing 
cost,  it  is  not  easy  to  provide  the  switchover 
merit  of  the  groove  free  tube  to  the  grooved 
tube.  The  configurations  or  shapes  of  the  con- 
ventional  typical  inner  surface  grooved  tubes  are 
shown  in  Figures  2(a)  and  2(b).  These  conven- 
tional  grooved  tubes  have  a  low  ratio  of  the 
characteristics  to  the  manufacturing  cost  due  to 
the  following  two  reasons: 

(1)  It  is  well  known  that  the  characteristic  or 
performance  is  proportional  to  the  depth  (Hf)  of 
the  grooves.  The  limit  which  the  pressure  loss  in 
the  grooved  tube  increases  sharply,  compared 
with  the  groove  free  tube  exists  in  the  vicinity  of 
0.02  to  0.03  (this  value  is  represented  by  the  ratio 
of  the  depth  (Hf)  of  the  groove  to  the  inside 
diameter  (Di)  of  the  tube).  The  conventional 
grooved  tube  has  nevertheless  a  value,  Hf/Di,  of 
less  than  about  0.018  and  therefore,  the  groove 
depth  of  the  conventional  tube  does  not  reach 
the  above  mentioned  optimum  limit.  This  is  also 
attributable  to  the  reasons  that"  the  increase  of 

the  groove  depth  in  the  conventional  tube  is 
related  to  the  weight  per  unit  length  of  the  tube 
and  thus,  a  higher  cost. 

(2)  The  factors  affecting  the  characteristics  of 
5  the  tube  are  the  shapes  of  groove  and  ridge 

formed  on  the  inner  surface.  The  conventional 
product  shown  in  Figure  2(a)  has  insufficient 
characteristics  because  the  cross-sectional  area 
(S)  of  the  grooved  section  is  small  and  the  helix 

10  angle  (a)  of  the  ridge  is  large.  Although  the 
cross-sectional  area  (S)  of  the  product  shown  in 
Figure  2(b)  is  larger  than  that  of  2(a),  it  has 
insufficient  characteristics  due  to  its  trapezoidal 
ridge.. 

15  Accordingly,  it  is  an  object  of  the  present 
invention  to  provide  an  inner  surface  grooved 
heat-transfer  tube  having  a  high  heat-transfer 
rate,  a  relatively  low  weight  per  unit  length 
thereof,  and  which  can  easily  be  produced. 

20  Such  an  inner  surface  grooved  tube  comprises 
a  number  of  spiral  grooves  formed  on  the  inner 
surface  of  the  tube,  the  ratio  (Hf/Di)  of  the  depth 
(Hf)  of  the  grooves  to  the  inside  diameter  (Di)  of 
the  tube  being  0.02  to  0.03;  the  helix  angle  ofthe 

25  grooves  to  an  axis  of  the  tube  being  7°  to  30°;  the 
ratio  (S/Hf)  of  the  cross-sectional  area  (S)  of 
respective  grooved  section  to  the  depth  (Hf) 
ranging  from  0.15  to  0.40;  and  the  apex  angle  (P) 
in  cross-section  of  a  ridge  located  between  the 

30  respective  grooves  ranging  from  30°  to  60°. 
The  features  ofthe  present  invention  comprise 

providing  relatively  deeper  grooves  on  the  inner 
surface  of  the  tube  within  the  range  which  the 
pressure  loss  of  fluid  inside  of  grooved  tube  is 

35  not  substantially  increased;  limiting  the  cross- 
sectional  area  of  respective  grooved  section  by 
considering  the  thickness  of  liquid  film  and  the 
inner  surface  area  of  the  tube;  and  defining  the 
shape  of  the  ridge  located  between  respective 

40  grooves  by  overall  considering  the  inner  surface 
area,  the  weight  per  unit  length  of  the  tube,  and 
the  workability  of  the  tube. 

In  the  accompanying  drawings: 
Figures  1(a)  and  1(b)  are  schematic  cross-sec- 

45  tional  and  longitudinal  sectional  views  of  an 
inner  surface  grooved  tube,  respectively; 

Figures  2(a),  2(b)  and  2(c)  are  enlarged  cross- 
sectional  views  of  conventional  products  each 
showing  the  symbols  for  respective  portions  or 

so  their  sizes; 
Figure  3  is  an  enlarged  partially  cross-sectional 

view  of  an  inner  surface  grooved  tube  formed  in 
accordance  with  the  present  invention; 

Figure  4  is  a  graph  showing  the  relations 
55  between  the  depth  of  groove  and  the  heat-trans- 

fer  rate  or  the  pressure  loss; 
Figure  5  is  a  graph  showing  the  relations 

between  the  helix  angle  of  groove  and  the  heat- 
transfer  rate; 

60  Figure  6(a)  and  6(b)  is  a  schematic  view  of  flow 
of  fluid  inside  the  tube,  respectively; 

Figure  7(a),  7(b)  and  7(c)  are  schematic  cross- 
sectional  views  of  the  relationship  between  the 
size  of  groove  and  the  thickness  of  liquid  film; 

65  Figure  8(a)  —  8(d)  are  schematic  cross-sec- 

2 
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tional  views  each  showing  the  relation  between 
dimensions  of  grooves  and  ridges; 

Figure  9  is  a  graph  indicating  the  relation 
between  the  apex  angle  of  groove  and  the  heat- 
transfer  characteristics  of  the  tube  formed  in 
accordance  with  the  present  invention; 

Figure  10  is  a  graph  indicating  the  relations 
between  the  cross-sectional  area  of  groove  and 
the  heat-transfer  characteristics  or  the  weight  per 
unit  length  ofthe  tube  formed  in  accordance  with 
the  present  invention; 

Figure  11  is  a  graph  indicating  the  relations  of 
cross-sectional  area  of  groove  and  the  heat- 
transfer  characteristics  or  the  weight  per  unit 
length  ofthe  tube  formed  in  accordance  with  the 
present  invention,  and  its  merit  compared  with  a 
conventional  product. 

Referring  to  Figure  3,  there  is  shown  the 
enlarged  partially  cross-sectional  view  of  an  inner 
surface  grooved  tube  formed  in  accordance  with 
the  present  invention.  In  this  embodiment,  a  heat- 
transfer  copper  tube  has  an  outside  diameter 
(O.D.)  of  9.52  mm,  and  an  effective  wail  thickness 
of  0.30  mm.  The  grooves  are  formed  on  the  inner 
surface  of  the  copper  tube  so  that  sixty  triangular 
ridges  are  provided  on  the  inner  surface  at  regular 
intervals  with  a  helix  angle  ((3)  of  18°  to  an  axis  of 
the  tube. 

The  reasons  for  numerical  limitations  in  the 
present  invention  will  be  described  below,  com- 
pared  with  conventional  products. 

All  of  the  data  described  hereinafter  were 
obtained  using  Freon  R—  22  as  a  fluid  flowing 
inside  the  tube,  a  vapor  pressure  of  4  kg/cm2  on 
gauge,  and  average  drying  degree  of  0.6,  a  heat 
flux  of  1  0  Kw/m2,  a  refrigerant  flow  rate  of  200  kg/ 
m2S,  a  condensation  pressure  of  14.6  kg/cm2S,  an 
inlet  superheating  temperature  of  50°C,  and  an 
outlet  supercooling  temperature  of  5°C.  The  inner 
surface  area  of  the  tube  was  calculated  on  the 
basis  ofthe  minimum  inside  diameter  of  the  tube. 

First,  the  effect  of  the  depth  of  grooves  formed 
on  the  inner  surface  of  a  heat  transfer  tube  on  the 
characteristics  of  the  tube  will  be  described 
Delow. 

Using  a  general  inner  surface  grooved  copper 
:ube  having  an  outside  diameter  of  9.52  mm,  an 
nner  diameter  of  8.52  mm  and  a  helix  angle  (B)  of 
18°,  the  ratio  of  the  depth  of  groove  (Hf)  to  the 
ninimum  inner  diameter  (Di)  of  the  tube  is  plot- 
:ed  as  abscisa  and  the  ratio  of  best  transfer  rate, 
3r  the  pressure  loss  of  fluid  inside  the  grooved 
:ube  to  that  of  a  groove  free,  control  copper  tube 
3s  ordinate  in  Figure  4.  As  shown  in  Figure  4,  the 
ate  of  the  heat  transfer  rate  increases  with 
ncreasing  depth  of  groove  (Hf),  but  the  rate  ofthe 
ncrease  lowers  from  the  vicinity  of  0.02—0.03  (Hf/ 
3i).  Similarly,  the  pressure  loss  rises  from  the 
vicinity  of  0.03.  That  is,  the  pressure  loss  of  the 
nner  surface  grooved  tube  makes  no  great  differ- 
ince  up  to  about  0.03  (Hf/Di)  from  that  of  the 
jroove  free  tube,  but  it  rises  abruptly  from  this 
joint.  Therefore,  in  selecting  as  high  efficient 
ange  as  possible  within  the  range  in  which  the 
)ressure  loss  ofthe  grooved  tube  makes  no  great 

difference  from  that  ofthe  no-grooved  tube,  one 
should  select  a  ratio  of  Hf/Di  ranging  from  0.02  to 
0.03. 

Next,  the  effect  of  the  helix  angle  (B)  of  the 
5  grooves  to  an  axis  of  the  inner  surface  grooved 

tube  on  the  characteristics  of  the  tube  will  be 
described.  Referring  to  Figure  5,  using  an  inner 
surface  grooved  copper  tube  having  an  outside 
diameter  of  9.52  mm,  an  inner  diameter  of  8.52 

w  mm  and  a  groove  depth  of  0.22  mm,  the  helix 
angle  (B)  to  the  tube  axis  is  plotted  as  abscisa  and 
the  ratio  of  heat-transfer  rate  of  the  grooved  tube 
to  that  of  a  grooved  free,  control  copper  tube  as 
ordinate.  As  shown  in  Figure  5  the  ratio  of  the 

w  heat-transfer  rate  has  a  slight  peak  in  the  vicinity 
of  7°—  20°  helix  angle  upon  heat-transfer  with 
evaporation  of  fluid,  while  it  slowly  increases  with 
increasing  the  helix  angle  (p)  upon  heat-transfer 
with  condensation  of  fluid.  However,  an  increase 

20  in  the  helix  angle  (P)  ofthe  grooves  results  in  poor 
'  workability  upon  making  of  the  grooved  tube. 

Therefore,  as  an  optimum  helix  angle  (p),  it  is 
preferred  to  select  the  value  ranging  about  from 
7°  to  30°  for  both  evaporation  and  condensation. 

25  The  heat-transfer  characteristics  make  no  great 
difference  within  this  range  of  helix  angle. 

Next,  considering  the  effects  of  the  cross-sec- 
tional  area  (S)  ofthe  grooves  on  the  heat-transfer 
characteristics,  they  include  (1)  the  effect  of  stir- 

so  ring  the  fluid  due  to  unevenness  of  the  inner 
surface;  (2)  the  effect  of  increase  in  inner  surface 
area;  and  (3)  the  effect  of  variation  in  liquid  film  in 
the  uneven  portion.  With  respect  to  the  stirring 
effect,  there  is  no  doubt  that  the  depth  of  grooves 

35  (Hf)  is  dominant  and  the  larger  this  is,  the  more 
this  contributes  to  improvement  in  the  heat- 
transfer  characteristics.  However,  this  closely 
relates  to  the  effect  of  variation  in  liquid  film.  That 
is,  when  the  fluid  such  as  refrigerant  flows  at  the 

40  velocity  higher  than  a  definite  one,  the  liquid  runs 
up  in  the  spiral  grooves  due  to  a  capillary  action 
ofthe  fine  grooves  and  a  drag  force  is  caused  by 
the  velocity  of  the  liquid  and  is  liable  to  become  a 
so-called  annular  flow  to  wet  all  of  the  inner 

45  periphery  of  the  tube.  This  state  is  shown  in 
Figures  6(a)  and  6(b).  Figure  6(a)  shows  the  state 
of  a  groove  free  tube  in  which  the  upper  dried 
portion  dose  not  contribute  to  evaporation  of 
liquid.  Figure  6(b)  shows  the  state  of  a  grooved 

so  tube  in  which  the  evaporation  in  enhanced  by  the 
entire  inner  periphery  ofthe  tube.  However,  even 
in  such  grooved  tubes  1,  when  the  cross-sectional 
area  of  the  grooved  section  differs  from  one 
another  and  a  total  amount  of  liquid  is  constant, 

55  the  thickness  of  liquid  film  differs  from  one 
another  in  its  state  as  shown  in  Figure  7.  That  is, 
in  the  tube  (c)  having  a  large  cross-sectional  area 
ofthe  grooved  section,  the  liquid  film  2  is  too  thin, 
so  that  a  tip  of  ridge  projects  from  the  film  and 

so  thus  does  not  bring  about  evaporation.  On  the 
other  hand,  in  the  tube  (a)  having  a  small  cross- 
sectional  area  of  the  grooved  section,  the  liquid 
film  2  is  too  thick,  so  that  thermal  resistance 
between  a  gas  fluid  and  the  tube  wall  increase 

?5  resulting  in  poor  heat-transfer  characteristic. 

! 
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rherefore  in  the  tube  (b)  having  an  optimum 
:ross-sectional  area  of  the  grooved  section,  the 
jntire  wall  surface  is  covered  with  the  liquid  film 
js  thin  as  posisble.  In  this  case,  if  the  forms  of  the 
idges  separated  by  the  grooves  are  the  same,  the 
nner  surface  area  of  the  tube  1  is  inversely 
jroportional  to  the  cross-sectional  area  of  the 
grooves.  Thus,  considering  the  heat-transfer 
:haracteristics  from  this  inner  surface  area,  the 
:ube  (c)  is  inferior  to  the  tube  (b)  and  the  tube  (a) 
s  superior  to  the  tube  (b).  Therefore,  it  is  con- 
emplated  that  the  overall  optimum  cross-sec- 
:ional  area  S  (exactly,  S/Hf)  exists  between  the 
area  (a)  and  the  case  (b)  in  Figure  7. 

Figure  8  shows  the  example  in  which  the 
sectional  shape  of  the  ridge  is  varied  at  a  con- 
stant,  optimum  sectional  area  (S)  of  the  grooved 
section.  In  this  Figure  8,  the  sectional  shape  (a) 
rias  a  larger  apex  angle  (a)  of  the  ridge  than  that 
af  the  shape  (b),  and  thus  the  former  is  superior  to 
the  latter  in  workability  of  the  tube.  However,  the 
Former  (a)  has  a  larger  sectional  area  of  the  ridge 
than  that  of  the  latter  (b),  and  thus  this  tends  to 
increase  the  weight  per  unit  length  of  the  tube 
and  to  decrease  the  total  inner  surface  are  of  the 
tube,  resulting  in  poor  heat-transfer  characteris- 
tics.  Similarly,  the  sectional  shape  (c)  having  the 
trapezoidal  ridge  tends  to  increase  the  weight  per 
unit  length  of  the  tube  and  to  decrease  the  total 
inner  surface  area  ofthe  tube.  On  the  other  hand, 
the  sectional  shape  (d)  having  a  narrow  apex 
angle  (a)  of  the  ridge  tends  to  increase  the  total 
inner  surface  area  without  increase  of  the  weight 
per  unit  length  of  the  tube.  However,  the  very 
narrow  apex  angle  of  the  ridge  results  in  a  sub- 
stantial  raise  in  manufacturing  costs  of  the  tube 
due  to  its  poor  workability. 

These  qualitative  effects  of  the  shapes  of  the 
groove  and  ridge  on  the  heat-transfer  characteris- 
tic  or  performance  are  shown  by  data  in  Figure 
9—11. 

Figure  9  shows  the  relations  between  the  shape 
or  apex  angle  (a)  ofthe  ridge,  and  the  ratio  ofthe 
heat-transfer  rate  ofthe  grooved  tube  to  that  of  a 
groove  free,  control  copper  tube  using  the  inner 
surface  grooved  copper  tube  having  an  outside 
diameter  of  9.52  mm,  an  inside  diameter  of 
8.52  mm,  a  groove  depth  of  0.20  mm,  a  helix 
angle  (B)  of  18°,  and  a  groove  number  of  60.  As 
shown  in  Figure  9,  the  narrower  the  apex  angle  of 
the  ridge  is,  the  higher  the  heat-transfer  charac- 
teristics  are  in  both  evaporation  and  condensa- 
tion,  and  the  triangular  ridge  (B)  is  superior  to  the 
trapezoidal  ridge  (A)  in  the  characteristic.  How- 
ever,  the  narrower  apex  angle  (a)  results,  in  poor 
workability  ofthe  tube  to  cause  increase  in  manu- 
facturing  cost,  and  it  is  therefore  preferred  to 
employ  an  apex  angle  (a)  of  30°—  60°  practically. 

Figure  10  shows  the  relations  between  the  ratio 
of  the  cross-sectional  area  (S)  of  the  grooved 
section  to  the  depth  of  grooved  (Hf),  and  the  heat- 
transfer  characteristic  (the  ratio  of  the  heat-trans- 
fer  rate  of  the  grooved  tube  to  that  of  a  groove 
free,  control  copper  tube),  or  the  weight  per  unit 
length  of  the  grooved  tube,  using  the  inner 

surface  grooved  copper  tube  having  an  outside 
diameter  of  9.52  mm,  a  bottom  wall  thickness 
(Tw)  of  0.30  mm,  a  groove  depth  (Hf)  of  0.20  mm, 
a  groove  helix  angle  (B)  of  18°,  and  a  ridge  apexd 

5  angle  (a)  of  50°.  According  to  Figure  10,  the  heat- 
transfer  characteristic  with  evaporation  increase 
slowly  with  increasing  the  value  of  S/Hf,  indicates 
a  peak  at  the  vicinity  of  0.3  (S/Hf)  and  lowers 
abruptly  from  that  point.  On  the  other  hand,  the 

w  heat-transfer  characteristic  with  condensation 
rise  steeply  with  decrease  of  S/Hf  and  indicates 
slight  peak  at  vicinity  of  0.2  (S/Hf). 

In  view  of  these  tendencies,  it  may  be  con- 
cluded  that  the  smaller  the  value  of  S/Hf  is,  the 

w  more  stable  the  heat-transfer  characteristic  is.  On 
the  other  hand,  one  should  recognize  that  the 
weight  per  unit  length  of  the  tube  caused  by 
increase  in  the  number  of  grooves  increases 
inversely  proportional  to  the  value  of  S/Hf.  That  is, 

20  when  factors  other  than  a  number  of  the  ridges  to 
define  the  grooves  are  constant,  decrease  in  the 
value  of  S/Hf  implies  increase  in  the  number  of 
the  ridges  and  thus,  in  the  weight  per  unit  length 
on  the  tube,  resulting  in  a  high  cost.  Therefore, 

25  considering  these  factors  overall,  one  should 
determine  an  optimum  specification  for  the 
grooved  tube. 

Examples  of  the  estimation  to  consider  an 
overall  merit  in  cost  which  is  one  ofthe  objects  of 

30  the  present  invention  will  be  described  below. 
Supposing  a  fin-coil  type  heat  exchanger  of  a 

room  air  conditioner  which  is  one  of  typical  heat 
exchangers,  it  has  been  assumed  that  the  ratio  of 
the  outer  thermal  resistance  of  the  tube  including 

35  a  slit  type  aluminum  fin  to  the  inner  thermal 
resistance  of  a  conventional  tube  used  is  75%  : 
25%. 

Claims 
40  1.  A  heat-transfer  tube  having  spiral  grooves  on 

its  inner  surface,  wherein  the  ratio  ofthe  depth  of 
said  grooves  to  the  inside  diameter  of  the  tube  is 
beween  0.02  and  0.03,  the  helix  angle  of  said 
grooves  to  an  axis  of  the  tube  is  between  7°  and 

45  30°,  the  ratio  of  the  cross-sectional  area  of 
respective  grooved  section  to  said  groove  depth 
is  between  0.15  and  0.40;  and  the  apex  angle  in 
cross-section  of  a  ridge  located  between  said 
respective  grooves  is  between  30°  and  60° 

so  whereby  the  grooved  inner  surface  is  adapted  to 
phase  transition  of  fluid  flowing  inside  the  tube. 

2.  A  heat-transfer  tube  as  claimed  in  Claim  1, 
wherein  the  shape  in  section  of  said  respective 
ridge  is  substantially  triangular. 

55  3.  A  heat-transfer  tube  as  claimed  in  Claim  1  or 
Claim  2,  wherein  said  grooves  are  formed  at 
nearly  equal  intervals  on  the  inner  surface  of  the 
tube. 

4.  A  heat-transfer  tube  as  claimed  in  any  of 
60  Claims  1  to  3  wherein  the  shape  in  section  of  said 

respective  ridge  is  substantially  trapezoidal. 
5.  A  heat-transfer  tube  as  claimed  in  any  of 

Claims  1  to  4,  wherein  said  tube  is  made  of 
copper. 
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Patentanspriiche 

1.  Wameubertragungsrohr  mit  Spirainuten  an 
siener  Innenflache,  wobei  das  Verhaltnis  der  Tiefe 
der  Nuten  zum  Innendurchmesser  des  Rohres 
zwischen  0,02  und  0,03  liegt,  der  Steigungswinkel 
der  nuten  gegentiber  einer  Achse  des  Rohrs 
zwischen  7°  und  30°  betragt,  das  Verhaltnis  der 
Querschnittsfiache  des  jeweiligen,  mit  Nuten 
versehenen  Abschnitts  zur  Nutentiefe  zwischen 
0,15  und  0,40  liegt  und  der  Scheitelwinkel  im 
Querschnitt  eines  Steges,  der  zwischen  den  jewei- 
ligen  Nuten  angeordnet  ist,  zwischen  30°  und  60° 
betragt,  wobei  die  mit  Nuten  versehene  Innen- 
flache  zum  Phaseniibergang  eines  Stromungs- 
mittels  eingerichtet  ist,  das  im  Inneren  des  Rohres 
strdmt. 

2.  Warmeubertragungsrohr  nach  Anspruch  1, 
wobei  die  Querschnittsform  des  entsprechenden 
Steges  im  wesentlichen  dreieckig  ist. 

3.  Warmeubertragungsrohr  nach  Anspruch  1 
oder  Anspruch  2,  wobei  die  Nuten  unter  nahezu 
gleichfdrmigen  Abstanden  an  der  Innenflache  des 
Rohrs  ausgebildet  sind. 

4.  Warmeubertragungsrohr  nach  jedem  der 
Anspriiche  1  bis  3,  wobei  die  Querschnittsform 
des  entsprechenden  Steges  im  wesentlichen  tra- 
pezformig  ist. 

5.  Warmeubertragungsrohr  nach  jedem  der 
Anspriiche  1  bis  4,  wobei  das  Rohr  aus  Kupfer 
hergestellt  ist. 

Revendications 

1.  Un  tube  de  transfert  de  chaleur  presentant 
des  rainures  en  spirale  sur  sa  surface  interieure, 

5  dans  lequel  le  rapport  de  la  profondeur  de  ces 
rainures  au  diametre  interieur  du  tube  est  com- 
pris  entre  0,02  et  0,03,  Tangle  d'helice  de  ces 
rainures  par  rapport  a  I'axe  du  tube  est  compris 
entre  7°  et  30°,  le  rapport  de  la  section  trans- 

ro  versale  de  la  section  rayee  par  rapport  a  la 
profondeur  des  rainures  est  compris  entre  0,15  et 
0,40;  et  Tangle  d'apex  de  la  section  transversale 
d'une  nervure  situee  entre  deux  rainures  respec- 
tives  est  compris  entre  30°  et  60°,  ce  qui  rend  la 

is  surface  interieure  rayee  apte  a  une  transition  de 
phase  de  fluide  s'ecoulant  a  Tinterieur  du  tube. 

2.  Un  tube  de  transfert  de  chaleur  selon  la 
revendication  1,  dans  lequel  la  forme  de  la  section 
de  ces  nervures  est  sensiblement  triangula'ire. 

2p  3.  Un  tube  de  transfert  de  chaleur  selon  la 
revendication  1  ou  2,  dans  lequel  ces  rainures 
sont  pratiquees  a  des  intervalles  sensiblement 
egaux  sur  la  surface  interieure  du  tube. 

4.  Un  tube  de  transfert  de  chaleur  selon  Tune 
25  quelconque  des  revendications  1  a  3,  dans  lequel 

la  section  transversale  de  ces  nervures  est  sensi- 
blement  trapezoidale. 

5.  Un  tube  de  transfert  de  chaleur  selon  Tune 
quelconque  des  revendications  1  a  4,  dans  lequel 

30  ce  tube  est  fabrique  en  cuivre. 

35 

40 

45 

50 

55 

60 

65 

5 



i  148  6 0 9  

c l G . H a )  

Prior  A r t  
F I G . 2 ( Q )  

" I G . U b )  

F \ G . 2 ( b )  
F I G . 2 ( c )  

F I G .   3  
F I G .   4  

J.UI  U.UZ  U.UO  U.Uf 

Depth  of  groove,  h y   mm, 
inside  diameter  (DO 



0  148  6 0 9  

F I G .   5  

E v a p o r a t i o n  

10  20   30  4 0  

F I G .   6 ( a )   F I G . e i b )  

F l G . 7 ( a )  

, 2  

F l G . 7 ( b )  

2  

F l G . 7 ( c )  

2  



14B  bUS 

=76  8 ( 5 )  

- i G . d ( c )  

5.5  r 

I.O  '  —  tt- 

f i g .   y  

Triangular  ridge 

ridge 

JW  t~>  ov  /  ~*  - 'v 

Apex  angle  ct(°)  



0  148  6 0 9  

F I G .   1 0  

^105 

Evaporation 

O.I  0.2  0.3  0.4  0.5  0 . 6  
S ( m m 2 ) / H f ( m m )  



0  148  6 0 9  

F I G .   I I  

Condensation 

q  I  1  1  —  :  ' 
01  S  0.1  0.2  0.3  0 . 4  

S ( m m 2 ) / H f ( m m   ) 

5 


	bibliography
	description
	claims
	drawings

