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ABSTRACT OF THE DISCLOSURE 

A ?uid ?ow structure wherein a ?rst ?uid ?ow duct 
is provided with an external, outwardly opening groove. 
The groove is covered by an outer element which, in the 
illustrated embodiment, comprises an outer tube. The 
groove is made to be small in cross-section so as to 
de?ne a capillary restrictor relative to ?uid ?ow there 
through. The restriction of flow is adjusted by suitably 
deforming the outer tube overlying the groove so as to 
adjustably decrease the cross-section of the capillary 
restrictor passage. The ?uid ?ow structure may be used in 
a refrigeration system for providing heat exchange be 
tween refrigerant ?uid delivered from the evaporator 
through the ?rst tube and refrigerant fluid delivered 
from a condenser to the evaporator through the capil 
lary passage. 

BACKGROUND OF THE INVENTION 

Field of the invention 

This invention relates to ?uid ?ow structures and in 
particular to heat exchangers such as used in refrigeration 
apparatus. 

Description of the prior art 
In conventional refrigeration systems, restriction of 

the ?ow of refrigerant to the evaporator is provided by 
means of a capillary duct having a small cross-section. 
Further, the capillary duct is connected through a heat 
exchanger to the evaporator with a heat exchanger de 
?ning a duct for delivering refrigerant from the evaporator 
for subsequent recycling. A conventional method of ad 
justing the capillary restriction is to vary the length of 
the capillary tube. Such a method of adjusting the re 
striction has the obvious disadvantage of requiring dis 
connection and reconnection of the capillary restrictor 
after determining a need for such adjustment. 

Another problem found in the conventional refrigera 
tion system structures is the space requirements for pro 
viding separate capillary and heat exchanger devices ar 
ranged in series in the system. The known devices further 
have the disadvantage of relatively high cost. 

SUMMARY OF THE INVENTION 

The present invention comprehends an improved ?uid 
?ow structure which eliminates the disadvantages of the 
above discussed known structures. More speci?cally the 
present invention comprehends a ?uid ?ow structure 
including wall means de?ning a ?ow passage, the wall 
means further de?ning an outwardly opening groove of 
small cross-section, a cover element overlying the groove 
and sealed to the wall means, the overlaid groove de?n 
ing a second ?uid ?ow passage providing capillary re 
striction of ?uid ?ow therethrough, means de?ning an 
inlet to the second flow passage, and means spaced from 
the inlet de?ning an outlet for the second ?ow passage. 

Further, more speci?cally, the invention comprehends 
the provision of such a ?uid ?ow structure for use as a 
heat exchanger in a refrigeration system having an evap 
orator and a condenser, the heat exchanger comprising a 
?rst tube, means for connecting the ?rst tube to the evap 

10 

35 

40 

60 

3,566,615 
Patented Mar. 2, 1971 "ice 
2 

orator for conducting refrigerant from the evaporator, 
the wall of the ?rst tube having an indented small cross 
section groove therein, a second tube encircling the ?rst 
tube and covering said groove whereby the covered 
groove de?nes a capillary passage, and means for connect 
ing the capillary passage between the condenser and the 
evaporator for conducting refrigerant from the condenser 
to the evaporator, the ?rst tube being formed of a ther 
mally conductive material whereby refrigerant being de 
livered through the capillary passage is cooled by re 
frigerant ?owing through the ?rst tube. 
The invention comprehends adjusting the restriction 

provided by the capillary restrictor by suitably deforming 
the outer cover element so as to project inwardly into 
the groove. The deformation of the cover element can be 
readily effected after assembly of the ?uid ?ow structure 
and by the simple expedient of rolling a groove in the 
cover element overlying the groove of the inner tube, the 
depth of the rolled-in outer groove being controlled to 
provide the desired increased restriction of ?uid ?ow 
through the covered groove. 

In the illustrated embodiment, the inner tube or duct 
and outer cover element comprise concentric cylindrical 
tubes having a relatively snug ?t with the groove in the 
inner tube being helical and with suitable inlet and out 
let structures provided in the outer tube to permit ?ow 
of ?uid therethrough. 

BRIEF DESCRIPTION OF THE DRAVVIINGS 

Other features and advantages of the invention will 
be apparent from the following description taken in con 
nection with the accompanying drawing wherein: 

‘FIG. 1 is a diametric section of a ?uid ?ow structure 
embodying the invention in a portion of a refrigeration 
system including an evaporator and a condenser; 

FIG. 2 is a transverse section thereof; and 
FIG. 3 is a fragmentary diametric section of the ?uid 

?ow structure illustrating the arrangement thereof as ad 
justing for providing a preselected capillary restriction. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

In the exemplary embodiment of the invention as dis 
closed in the drawing, a refrigeration system generally 
designated 10 is shown to comprise a ?uid ?ow structure 
generally designated -11 de?ning a heat exchanger for 
providing precooled refrigerant liquid to an evaporator 
12 from a condenser 13. The liquid refrigerant is cooled 
by heat exchange with the refrigerant delivered from 
the evaporator !12 ?owing in counter-current ?ow through 
the heat exchanger 11. 
As discussed above, the ?uid ?ow'structure 11 is ex 

tremely simple in construction while providing the high 
ly desirable heat exchange between the liquid refriger 
ant delivered to the evaporator and the refrigerant de 
livered from the evaporator which may be in the form 
of vapor and purge liquid. As best seen in FIG. 1, the 
?uid ?ow structure 11 comprises a ?rst tube 14 having 
an inlet end 15 and an outlet end 16. The tube is de 
?ned by wall means provided with an indented groove 
17, which in the illustrated embodiment, is helical and 
extends from adjacent inlet 15 to adjacent inlet 16. The 
tube 14 is preferably formed of a material having high 
thermal conductivity such as metal and illustratively may 
be formed of steel, brass, aluminum, etc. The groove 17 
may be formed in the tube 14 as by a conventional roll 
ing process well known to those skilled in the art. The 
cross-section of the groove, as shown in FIG. 1, is rel 
atively small as compared with the cross-section of the 
tube ‘14. 

Concentrically surrounding the inner tube 14 is a sec 
ond or outer tube 18 which may have a relatively snug 
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?t with the inner tube, and which de?nes a cover ele 
ment overlying the groove 17. The covered groove thusly 
de?nes a capillary restrictor passage 19. As shown in 
FIG. 1, the end .20 of the tube 18 may be welded to the 
inner tube 14 adjacent inlet 15 and the end 21 of the 
tube 18 may be welded to the tube adjacent the outlet 
116 whereby the tube 18 effectively sealingly covers the 
groove 17 to de?ne the capillary passage 19. 
The outer tube 18 may be provided with an opening 

22 de?ning an inlet opening to the capillary passage 19. 
A suitable connector 23 may be secured to the tube at 
opening 22 for delivering refrigerant from the conden 
ser 13 to the capillary passage 19. A similar opening 24 
is provided in the opposite end of the tube 18 to de 
?ne an outlet opening for delivering the refrigerant from 
the restrictor passage 19 through an outlet connector 
25 to the evaporator 12. 
As the inner tube 14 is formed of a material having 

high thermal conductivity, heat exchange readily occurs 
between the refrigerant ?owing through the restrictor 
passage 19 to the evaporator and the refrigerant ?ow 
ing from the evaporator through the inner tube 14. Thus, 
the refrigerant being delivered to the evaporator 12 is pre 
cooled for improved efficiency of cooling in the evapo 
rator. Illustratively, the refrigerant may comprise liquid 
ammonia where the refrigeration system comprises a con 
ventional absorption refrigeration system. 
Thus ?uid ?ow structure 11 is extremely simple and 

economical of construction while providing the highly 
desirable dual function of precooling of the refrigerant ‘ 
being delivered to the evaporator and providing capillary 
restriction thereof for control of the ?uid pressures in the 
system. 
The ?uid ?ow structure provides a further advantage 

over the conventional ?uid ?ow structures in such re 
frigerator systems in that adjustment of the restriction 
of ?ow from the capillary passage 13 may be readily 
effected by simple deformation of the outer tube to cause 
at least a portion thereof to project into the capillary pas 
sage 19, as shown at 26 in FIG. 3, whereby the cross 
section of the ?ow passage 19 is adjustably reduced to a 
desired preselected value. The deformation of the outer 
tube may be substantially along the entire length of the 
passage 19 or may be at preselected portions thereof 
as desired. Where the passage is helical, the deformation 
may comprise a helical groove substantially coincident 
with the passage 19. The deformation may be readily 
provided in the outer tube 18 as by a conventional roll 
ing operation. 

Thus, at least a portion of the passage 19 comprises 
a capillary restrictor in heat exchange relationship with 
the refrigerant delivered from the evaporator. Accurate 
control of the amount of restriction is readily obtained in 
the improved simpli?ed ?uid ?ow structure by virtue of 
the readily controllable deformation of the outer tube 
relative to the groove ‘17. 
The invention has been illustrated in connection with 

a refrigerator system wherein the ?uid ?ow structure 
comprises a heat exchanger for controlling refrigerant 
delivered to and from the evaporator. As will be ob 
vious to those skilled in the art, the ?uid ?ow structure 
11 may equally well be utilized as an evaporator having 
integral capillary passage means, as well as other similar 
heat exchanger arrangements. 
Having described my invention as related to the em 

bodiment' shown in the accompanying drawings, it is 
my intention that the invention be not limited by any of 
the details of description, unless otherwise speci?ed, but 
rather to be construed broadly within its spirit and scope 
as set out in the accompanying claims. 
The embodiments of the invention in which an exclu 

sive property or privilege is claimed are de?ned as fol 
lows: 
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1. A refrigerant fluid ?ow structure comprising: wall 

means de?ning a ?rst refrigerant ?uid ?ow passage, said 
wall means further de?ning an outwardly opening groove 
of small cross-section; a cover element overlying said 
groove and sealed to said wall means, the overlaid groove 
de?ning a second refrigerant ?uid ?ow passage having 
an accurately preselected con?guration providing a pre 
selected capillary restriction of ?uid ?ow therethrough, 
said cover element facially engaging said wall means over 
a major portion of the confronting surfaces thereof; 
means de?ning an inlet to said second ?uid ?ow passage; 
and means spaced from said inlet de?ning an outlet for 
said second ?ow passage. 

2. The ?uid ?ow structure of claim 1 wherein said 
cover element de?nes an inwardly projecting portion ex 
tending adjustedly into said groove to provide a pre 
selected adjusted restriction of the ?uid ?ow through said 
second ?uid flow passage. 

3. The ?uid ?ow structure of claim 1 wherein said 
wall means is formed of thermally conductive material 
providing high heat transfer between ?uids ?owing 
through said ?rst and second ?uid ?ow passages. 

4. The ?uid ?ow structure of claim 1 wherein said 
wall means comprises a ?rst tube, and said cover ele 
ment comprises a second tube concentrically encircling 
said ?rst tube. 

5. The ?uid ?ow structure of claim 1 wherein said 
groove comprises a helical groove. 

6. The ?uid ?ow structure of claim 1 wherein said 
second ?ow passage has a substantially constant cross 
section throughout its length whereby substantially the 
entire second flow passage comprises a capillary restric~ 
tor. 

7. In a refrigerator system having an evaporator and 
a condenser, a heat exchanger comprising: 

a ?rst tube; 
means for connecting the ?rst tube to the evaporator 

for conducting refrigerant from the evaporator, said 
?rst tube having an indented small cross-section 
groove therein; 

a second tube surrounding said ?rst tube and cover 
ing said groove whereby said covered groove de 
?nes a capillary passage; 

and means for connecting said capillary passage be 
tween said condenser and said evaporator for con 
ducting refrigerant from the condenser to the evap 
orator, said ?rst tube being formed of a thermally 
conductive material whereby refrigerant being de 
livered through the capillary passage is cooled by 
refrigerant ?owing through said ?rst tube. 

8. The heat exchanger of claim 7 wherein said groove 
comprises a rolled groove. 

9. The heat exchanger of the claim 7 wherein said 
second tube is adjustably deformed into said groove to 
provide adjustable ?ow restriction of said refrigerant be 
ing delivered to said evaporator. 

10. The heat exchanger of claim 7 wherein said sec 
ond tube is adjustably deformed into said groove along 
substantially the entire length of said groove. 
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