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This invention relates to a heat exchange 
unit, the principles of which are applicable to a 
refrigerator evaporator unit, a refrigerator con 
denser unit, or a cooling unit in air conditioning 
Systems and the like. More particularly, the 
invention relates to an evaporator unit for use in 
a refrigerating System employing a normally 
gaseous refrigerant. 

In the conventional type of evaporator as used 
by the commercial refrigeration and/or air con 
ditioning industry today, tubes of circular cross 
Section are generally used for the flow of the 
refrigerant therethrough. In the gravity flow, 
direct expansion type of evaporator unit, the 
refrigerant in liquid state is introduced into the 
uppermost tube or tubes, for evaporation there 
in and for gravity flow of the refrigerant, while 
partly in liquid and partly in gaseous state, to 
lower rows of tubes. The heat transfer is ef 
fected through the walls of the tubes between 
the external flow of air or other gas about the 
tubes and the refrigerant within the tubes, 
The factors that should be considered in 

evaporator design are the following: 
1. Outside air film at prime surface. 
2. Thermal conductivity of tube or prime sur 

face. 
3. Inside refrigerant film on prime surface. 
4. Resistance to air flow. 
5. Welocity of air through or over evaporator 

tubes or units. 
6. Fan load, in the case of forced convection 

jobs. 
7. Area of prime surface. 
8. Refrigerant-holding capacity of evaporator. 
9. Free gas area inside evaporator. 
10. Welocity of liquid through evaporator. 
11. Velocity of gas through evaporator. 
12. Oil flow restriction. 
13. Gas foW restriction. 
14. Liquid flow restriction. 
If each of the foregoing factors be analyzed, 

it will be found that conventional evaportor de 
Signs violate some of the physical laws govern 
ing aerodynamic and thermodynamic principles 
as applied to a conventional gravity or forced 
convection commercial evaporator. One such 
violation is the use of round tubes without effi 
cient liquid flow restriction, as the prime con 
ductor in the evaporator unit, whether such 
tubes be connected in series or in parallel and 
regardless of how the refrigerant is fed to the 
evaporator. 
From an aerodynamic viewpoint, the round or 
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streamlined tube, such as a tube of tear-drop 
shape in cross-section, since the round tube has 
about fifteen times the resistance to air flow that 
the streamlined tube has. By using a stream 
lined tube in the case of forced convection units, 
the load on the fan is greatly decreased. Fur 
thermore, whether of the forced convection or 
natural convection type, the thernal trans 
mission efficiency of heat from the air to the 
refrigerant in the case of streamlined tubes is 
greatly increased by reason of decreasing the 
air film resistance thermally on the exterior 
Surfaces of the tubes. This latter is accom 
plished by eliminating "dead air' films sur 
rounding the tube surface. 
In any evaporator unit the liquid refrigerant 

must be converted from a liquid into a gas in 
passing through the unit, if of the direct ex 
pansion type. In the case of dichlorodiflouro 
methane, a pound of this refrigerant (under 
standard-ton conditions) in liquid state has a 
volume of 0.011 cubic feet, whereas the same 
pound in gaseous state, at the same temperature 
and pressure in equilibrium with Some of the 
compound in liquid state, has a volume of 1.485 
cubic feet. In a direct expansion evaporator it 
is possible to occupy approximately 50% of the 
internal volume of the evaporator with liquid 
refrigerant during operation thereof. If the 
liquid were uniformly distributed throughout the 
evaporator, the velocity of the gas would be 
more than 130 times that of the liquid for the 
liquid for the same rate of flow by weight. Due, 
however, to the cohesive attraction of like mole 
cules of any matter, there is a tendency for the 
gas to carry the liquid through the evaporator 
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tubes at the same velocity as that at which the 
gas should travel. If this should happen there 
would be no evaporation of the liquid and there 
fore no refrigeration, unless the refrigerant 
entered the evaporator at a lower temperature 
than the temperature of the substance to be 
cooled. 

If an evaporator is to accomplish the desired 
results, it is necessary, then, that the gas and 
liquid travel through the evaporator tubes at dif 
ferent velocities. The greater the difference be 
tween the two, the higher will be the rate of evap 
oration and the rate of heat transmission. If there 
is a free gas area above the surface of the liquid, 
a higher gas velocity will be obtained and there 
will be little danger of slugs of liquid being carried 
along with the gas through the tubes. 
According to the principles of my present in 

circular tube is inefficient as compared with a 55 vention, advantage is taken of known thermo 
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dynamic and aerodynamic principles in order to 
obtain a higher thermal efficiency in the trans 
fer of heat from the circumambient air or other 
gas and the refrigerant flowing through the evap 
orator tubes. Each of the tubes is streamlined 
to reduce its resistance to air flow. By the term 
"streamlined" is meant a surface so contoured as 
to offer the minimum amount of resistance to the 
flow of air over and past the surface. In general, 
a streamlined tube will be one having the shape 
of a tear-drop in cross-section. For instance, if 
W represents the greatest width of the section, 
then the greatest length of the section, L, should 
equal 3W. For most efficient spacing of the 
streamlined tubes, the minimum distance between 
laterally spaced tubes at the same elevation should 
be the same as the maximum width of the tube 
sections, and the minimum spacing between ad 
jacent tubes in adjoining vertically spaced tiers 
should be about one-half such width, or 
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Further, in accordance with my present inven 
tion, the streamlined tubes are provided with end 
fittings having nipples or extensions which may 
be circular or elliptical in cross section. Such 
extensions joined integrally to the tube ends and 
are Connected at points adjacent the wider edges 
of the tubes, preferably so as to form continua 
tions of the wider edges of the tubes that are 
substantially flush with such edges. The end 
nipples or extensions of the tubes are thus spaced 
from the thinner edges of the tubes, which con 
stitute the lower edges when the tubes are ar 
ranged in a refrigeration evaporator. By virtue 
of this arrangement, therefore, the liquid portion 
of the refrigerant is trapped in the lower portions 
of the tubes, while the gaseous portion of the re 
frigerant is free to pass at relatively high veloc 
ity from one tube to the next. Preferably, end 
fittings connect corresponding upper end portions 
of the tubes in vertically adjacent tiers so as to 
Serve primarily for gas flow communication be 
tween the tubes while causing the liquid refrig 
erant to be trapped in the lower portions of the 
tubes. There is therefore little likelihood of slugs 
of liquid refrigerant becoming entrained in the 
gas flow through the tubes of the evaporator unit. 

It is therefore an important object of this in 
vention to provide a heat exchange unit, such as a 
refrigeration evaporator unit, in which the re 
frigerant tubes are streamlined and arranged in 
a plurality of horizontal tiers, with the tubes in 
vertically adjacent tiers staggered so as to pre 
Sent the minimum resistance to the flow of air 
downwardly over and past the tubes, whereby an 
efficient rate of heat transfer is obtained, both in 
natural convection and in forced convection in 
stallations. 

It is a further important object of this inven 
tion to provide a refrigeration evaporator unit in 
wnich the refrigerant tubes are streamlined, with 
tileir wider edges constituting the leading edges, 
and to provide end fittings connecting the upper 
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portions of the ends of such tubes, whereby liquid 
refrigerant is entrapped in the lower portions of 
the tubes and gaseous refrigerant is permitted to 
flow freely at a velocity independent of that of 
the liquid refrigerant from one tube to the next in 
the series. 

It is a further important object of this invention 
to provide a refrigeration evaporator unit com 
prising a plurality of horizontal tiers of tubes, 
with the vertically adjacent tubes arranged in 
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4. 
staggered relationship and with the tubes each of 
a streamlined contour so as to offer the minimum 
resistance to air flow through the unit, the tubes 
in vertically adjacent sections being connected 
individually by end fittings joining the top por 
tions only of the tubes, thereby causing the liquid 
portion of the refrigerant to be largely trapped in 
the bottom portions of the tubes and insuring 
more rapid evaporation and a higher Velocity of 
the gaseous portion of the refrigerant through the 
unit. 
Other and further important objects of my 

invention will become apparent from a considera 
tion of the following detailed description, taken 
in conjunction with the accompanying drawings. 
On the drawings: 
Figure 1 is an end elevational view of a refrig 

eration evaporator unit embodying the principles 
of my invention. 

Figure 2 is a broken side elevational view of the unit. 
Figure 3 is a longitudinal Sectional view of one 

of the tubes with its end fittings. 
Figure 4 is a perspective view of an end fitting 

for brazing or otherwise Securing to an end of 
a tube. 

Figure 5 is a perspective view of a modified form 
of end fitting. 
The reference numeral O indicates generally 

a refrigeration evaporator unit embodying the 
principles of my invention. While the invention 
will be described as applied to the construction 
of an evaporator unit, it will be understood that 
the principles of my invention are broadly appli 
cable to all types of heat exchangers involving the 
flow of a fluid that is partly in liquid and partly 
in gaseous form through a closed path, such as 
defined by individually connected tubes, for ef 
fecting a heat transfer between the fluid passing 
through the tubes and the circumambient air or 
gases passing into contact with the external sur 
faces of the tubes. 
The refrigeration evaporator unit 0 comprises 

a plurality of horizontal tiers T, T1, T2 and T3 of 
tubes . Said tubes are arranged in laterally 
Spaced relationship in the individual tiers, with 
the tubes of One tier staggered With relation to the 
Wertically adjacent tubes in the next adjoining 
tiers. Each of the tubes is streamlined so as to 
offer the minimum of resistance to the flow of air, 
or other gas, through the unit 0. 

In Steamlining the tubes and in arranging the 
tubes in Spaced relation in the unit 0, certain 
mathematical formulae are closely adhered to for 
the purpose of reducing the air resistance of the 
unit to a minimum. For instance, if I designates 
the longer dimension of a section of a tube and 
W the greater width of a section of the tube f, 
then the relationship existing can be expressed by 
the equation L = Wac3, or 

-l. T s 

With respect to the spacings between the adja 
cent tubes and any of the horizontal tiers, the 
minimum spacings, represented by the letter a, 
should be equal to the width W of the individual 
tube. Further, if the minimum spacing between 
Vertically adjacent tubes be represented by the 
letter b, then for most effective spacing 
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By employing these mathematical relationships - 
in the construction of a refrigeration evaporator   
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unit, one may realize the most efficient rate of 
heat transfer between the unit and the air, or 

... other gas, passing through the unit. The direc 
tion of the flow of air through the unit. O. Will, 
of course, be downwardly, whether the unit is used 
in a natural convection System or in a forced 
convection system. Accordingly, the Wider upper 
edges 2 of the tubes will constitute the leading 
edges in terms of the flow of air through the 
unit. . 
Each of the tubes consists of a straight, 

open-ended length of tubing of the steamlined 
character already referred to. The tubes may be 
formed of any of the materials commonly used in 
the construction of evaporator tubes, such as cop 
per, brass, stainless steel and the like. 
ably, the tubes are formed of copper because 
of its high coefficient of heat transfer. The walls 
of the tubes are made as thin as a proper factor 
of safety will permit. . . . . . . . 

Each of the tubes if is provided at its ends 
with an end fitting 3 or 4 (Figs 4 or 5) for 
connecting the tubes to each other or into 
the refrigerant circulatory system of the refrig 
erator unit. As shown, the upper row T of tubes 

is provided at the front ends of the tubes with 
end fittings 3 and these end fittings are provided 
with caps 5 into which extend inlet tubes 6 for 
conducting a liquid refrigerant into said upper 
tier of tubes. At their rear ends the tubes i? in 
the upper tier T are connected through their end 
fittings f3 by means of their U-bends 7 to the 
end fittings 3 of the tubes in the next tier 
T1. Similarly, at their front ends, the tubes 
in the tier T1 are connected to the tubes in the 
tier T2 by means of U-bends IT, and the tubes of 
tier T2 are likewise connected to the tubes in the 
tier T3 at the rear of the unit. The frontends of 
the tubes in the lowermost tier T3 are connected 
through a manifold 8 to a gas outlet and suc 
tion line 9. 
With further reference to the end fittings 

3, each of Said end fittings comprises a stream 
lined socket portion 20 adapted to fit over an end 
of a tube , and a cylindrical portion 2 extend 

6 
of liquid refrigerant in the particular refrigera 
tion System. The liquid refrigerant entering the 
upper: tier of tubes may be introduced at such 
a rate as to fill each of the tubes i in said upper 

... tier. T to a height such as that indicated by the 
... dotted line (Fig. 3), which may be slightly above 
the bottom wall of the end fitting extension 2. 
In that case, there would be some flow of liquid 
refrigerant from the tubes in the upper tier T 

0. through the end fittings 3 and U-bends T into 
the tubes in the next lower tier T. . The major 
proportion of the cross-sectional areas of said 
eXtensions 2 and U-bends. , however, would 
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ing from the larger end of the socket portion 20 
and preferably forming a flush continuation of 
the upper wider edge of said socket portion. The 
socket portion 20 is adapted to be inserted over 
an open end of a tube and to be brazed or 
otherwise integrally secured to said tube. Hydro 
gen brazing, silver soldering, or other method may 
be used to effect a good thermal bond between 
the socket portion 20 and the end of a tubev. 
Each end fitting 3 has an end wall 22 that closes 
an end of a tube when the end fitting is se 
cured in place. 
A modified form of end fitting 4, illustrated in 

Figure 5, is provided with an extension 23 of 
elliptical cross-section, instead of circular cross 
section. Said extension 23, like the extension 2, 
has the major portion of its upper wall surface 
flush with the wider edge portion of the socket 
20. Thus the extensions 2? and 23 are both ad 
jacent the upper, or wider, edges of the tubes 
when the end fittings are in place on the tube 
ends, and Said extensions are therefore spaced 
above the lower, thinner edges 24 of the tubes. 
The purpose of this will be apparent in the fol 
lowing description. 

Liquid refrigerant enters the tubes in the 
upper tier T through the small diameter tubing 
6. The end of said tubing 6 may be joined by 
a manifold (not shown) or may be individually 
Supplied With liquid lefrigerant from the source 
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be left, open for the flow of gaseous, refrigerant 
formed by the evaporation of the liquid refriger 
ant, in the bottoms of the tubes f. 
There will, of course, be correspondingly less 

refrigerant in liquid phase in the lower tiers T1, 
T2 and T3, and, in fact, if the flow of refrigerant 
is properly controlled, no liquid refrigerant will 
be permitted to pass out of the lower tier of 
tubes into the manifold 8, but will be trapped 
in the lower portions of the tubes in said lower 
most tier T. . . . . . . . . . 
There is thus, a free gas area above the level 

25 of the liquid refrigerant in each of the tubes 
in each of the tiers of the unit. By regulat 

ing the rate of flow of refrigerant entering the 
evaporator and by maintaining the pressure on 
the Surface of the liquid refrigerant in the tubes 
lower than the saturated vapor pressure at that 
particular temperature, effective refrigeration can 
be produced. The lower vapor pressure referred 
to is maintained by effecting a proper velocity of 
the gas through the unit, and this is made pos 
Sible by reason of the fact that the end fittings 
are connected to the upper portions only of the 
tubes , so that there are no slugs of liquid re 
frigerant in the gas, flow, passages to slow down 
the flow of gas, therethrough. . . . ; 

It will thus be appreciated that I have pro 
vided an efficient construction and arrangement 
of tubes and end fittings for assembly into a re 
frigeration evaporator unit, whereby the unit may 
function with maximum efficiency of rate of heat 
transfer between the refrigerant and the circum 
ambient air or other gas passing through the unit. 
At the same time, a minimum air flow resistance 
is offered because of the streamlining of the tubes 
and the proper spacing and arrangement of the 
tubes in the unit. 

I claim as my invention: 1. An evaporator unit for a normally gaseous 
liquid refrigerant, comprising a plurality of tiers 
of tubes of generally tear-drop cross-section, said 
tubes being arranged when said unit is mounted 
for Operation with their rounded edges as the 
leading edges uppermost with respect to the flow 
of air downwardly over and past said tubes and 
with the tubes in each tier laterally spaced at 
the same elevation and staggered with respect to 
tubes in vertically adjacent tiers, and end fittings 
individually connecting corresponding upper end 
portions of the tubes in vertically adjacent tiers, 
whereby Said end fittings serve primarily for gas 
flow communication between said tubes while liq 
lid refrigerant is trapped in the lower portions 

, of said tubes. 
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2. A heat eXchange unit for the exchange of 
heat between a flowing body of an external gas 
and an internal fluid that is present in said unit 
in both gaseous and liquid states under the con 
ditions of operation thereof, said unit compris 
ing a plurality of tiers of tubes of generally tear 
drop cross-section, Said tubes being arranged 
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when said unit is mounted for is operation with 
their rounded edges as the leading edges with 
respect to the flow of said external, gas over...and 
past said tubes and with the tubes in "each tier 
laterally spaced, at substantially the same ele 
vation and staggered with respect to tubes, in Ver 
tically adjacent tiers, and end fittings, individually 
connecting corresponding tube ends of tubes, in 
vertically adjacent: tiers at...the level of the cor 
responding leading edges, but not including the 
levels of the trailing edges of said tubes, whereby 
said end fittings serve primarily for flow con 
munication between leading edge portions of said 
tubes of Said internal fluid in one of said states 
while Said fluid in the other of said states is 
trapped in the trailing edgeportions of Said tubes. 

3. In a device of the character described, a heat exchange unit for causing: a change of phase 
of a fluid medium and having: an inlet and an 
outlet, said unit comprising horizontal; tiers of 
lengths of , tubing each of generally oval, cross 
section, said tiers Overlying. One another...and the 

I tubing lengths of one tier being staggered with 
respect to the tubing lengths of the next tier. ver 
tically spaced therefrom, end fittings each con 
necting the upper portion only of one end of a 
tubing length in . One roW to the corresponding 
end of a tubing length in the next row. vertically 
spaced from said first-mentioned row, said tubing 
lengths forming traps for liquid, and the upper 
portion of Said lengths and said fittings forming 
a passage for conducting primarily the vapor por 
tion of Said medium and extending from Said said 
inlet to said outlet. 

- 4. In a device of the character described, a 
heat exchange unit for causing: a change of phase 
Of a fluid medium and having an inlet, and an 
outlet, Said unit comprising horizontal tiers of 
lengths of tubing each of generally oval cross 
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Section, Said tiel's overlying one another and the 
tubing lengths of one tier being staggered with 
respect to the tubing lengths...of the next tier 
vertically spaced therefrom, end fittings each 

... relatively constricted in cross sectional area as 
Compared to a tubing length and each connect 
ing the upper portion only of one end of a tubing 
length in One row to the corresponding end of a 
tubing length in the next row. vertically spaced 
from said first-mentioned row, said tubing lengths 
forming traps.for liquid and the upper portion 
of Said lengths and said fittings forming a pas 

3 Sage for conducting primarily the vapor portion 
of Said medium and extending from said inlet to 
Said outlet. 
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