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‘AIR REFRIGERATION DEVICE 

BACKGROUND OF THE INVENTION 

This invention relates to an improved air condition 
ing system, particularly suited for medium capacity 
cooling requirements, such as in automobile air condi 
tioning. 
The air conditioning systems currently in use in au 

tomobiles employ a two phase refrigeration system. 
The components are complicated and also expensive. 
For example, the vapor-liquid compressor in the con 
ventional system comes in several variations (swash 
plate, slider-crank), all of which contain many close 
tolerance parts and require high pressure seals against 
contamination‘ and refrigerant leakage. Such systems 
also require two-liquid-vapor-to-air heat exchangers 
with similar problems. The conventional systems also 
require an expansion valve and a number of high pres 
sure refrigerant lines and suitable ?ttings. Independent 
means must be‘ provided on the evaporator side to con 
duct the air from the refrigerated space surrounding 
the evaporator coils to the area to be cooled. 

Single ?uid refrigeration devices are not new. For ex 
ample, the so-called “dense air” - cycle (a closed 
reversed Brayton cycle) has been known for years and 
was formerly used mainly with large reciprocating 
piston machinery.‘ This system has long been aban 
doned for commercial purposes because of the large 
size required to provide even a moderate amount of 
cooling. 

SUMMARY 

It is one object of this invention to provide a single 
?uid refrigeration device of compact. size to ful?ll 
moderate cooling requirements as they occur for au 
tomotive uses, as well as for other applications. 
Another object is to provide a compact single ?uid 

refrigeration device of relatively inexpensive construc 
tion compared to conventional two phase systems now 
in use. - 

Another object of this invention is to provide means 
for use in any rotary pump or compressor to increase 
effective vane travel to make possible increased ?uid 
handling capacities. ' 

FIG. 1 is an exploded perspective view of one em 
bodiment of the present invention. , . 

FIG. 2 is a cross-sectional view through the rotor and 
stator of the preferred embodiment of the present in 
vention. 

, FIG. 3 is a graphic representation of the P-V curve 
of the preferred embodiment shown in FIG. 2. 

FIG. 4 is a graphic representation of the T4 curve of 
the preferred embodiment shown in FIG. 2. 

FIG. 5 is a diagrammatic view through the rotor and 
stator of another embodiment of the present invention 
diagrammatically showing a movable heat exchanger 
outlet port. 

FIG. 6 is a diagrammatic view through the rotor and 
stator of another embodiment of the present invention 
including an adjustable slider means inside the rotor 
core to supply cooled ?uid to the expansion side of the 
device. 

FIG. 7 is a diagrammatic view through the rotor and 
stator of another embodiment of the present invention 
wherein the rotor axis is eccentrically shifted as 
another means of compensating the VHXE volume. 
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2 
FIG. 8 is a diagrammatic view through the rotor and 

stator of another embodiment of the present invention 
with the rotor being located inside a nonsymmetrical 
stator, whereby still another means of VHXE compen 
sation is provided. 

FIG. 9 is a graphic representation of the P-V curve 
of a non-VI-IXE compensated design. 

FIG. 10 is a graphic representation of the T-S curve 
of a non-VHXE compensated design. 

FIG. 1 1 is a diagrammatic view through the rotor and 
stator of the preferred embodiment of the present in 
vention and associated intake and exhaust ducts . 
equipped with baffles and moisture catching and 
utilization means, and showing spring band vane bias 
ing means means. 

FIGS. 12 and 13 are partial cross-sectional views 
through the rotor and stator indicating the travel of a I 
given air mass through 45° of rotation of the rotor. 

FIG. 14 is a cross-sectional view showing a movable 
exhaust port. 

OPERATION OF THE DEVICE 

FIG. 1 shows an “exploded” view of the basic device 
of this invention and its related components. The stator 
1 of the device is machined such that the interior walls 
are closely parallel. The cross-section of the interior of 
the stator is substantially elliptical in shape. The stator 
1 is constructed with a series of ports which are spe 
cially located for the purpose of allowing air to flow 
through them at various times in the proper sequence. 
The rotor 4 is equipped with a series of slots 5 disposed 
axially on the rotor and which receive vanes 6. The 
slots are placed symmetrically around the circum 
ference on the rotor, and into these slots fit the sliding 
vanes 6. These vanes are maintained in contact during 
rotation of the rotor by a pressure acting outwardly 
from the core 7 of the rotor. This pressure may be 
established by means of an external pressure source (a 
common method in the art), by an internal air cushion 
means described in US Pat. - No. 3,434,655, or by 
means of an outwardly expansible elastic band 101 as 
shown in FIG. 11. Band 101 is thought to be novel and 
will be described in detail hereafter. Not shown in FIG. 
I are the two endplates which are equipped with 
bearings and shaft seals and said plates firmly hold the 
rotor-vane assembly in place inside the stator in a con 
ventional manner. The ?nned tubular heat exchanger 8 
is connected directly (or through a simple manifold 
which is not shown) to the heat exchanger inlet 9 and 
outlet 10 ports which are machined into the stator. 
The air duct 1 1 shown schematically in FIG. 1, serves 

to separate the warm incoming air indicated by arrow 
marked 12, from the cooled air indicated by arrow 
marked 13 passing to the space being cooled. As shown - I 

f in FIG. 11, the outlet leg 102 of the air duct may be 

65 

equipped with various baf?es 1103 which trap con 
densed or frozen moisture, indicated as particles 104, 
and muffle port noise. These baffles will be described in 
more detail hereinafter. 
The rotor 4 is driven by an external power source 

(counter-clockwise rotation is assumed in the following 
description). Inlet air ?ows into a rotating vane volume 
segment (denoted VNLT) due to atmospheric pressure 
and the expansion of VNLT, such vane volume seg 
ment being de?ned as leading vane I4 and trailing vane 
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15. As the rotor turns a total of 360/2“, where Z is the 
number of vanes, (45° for the 8-vane machine shown), ‘ 
from VNLT to Volume of Compression, denoted VOC 
a maximum volume is reached. The trailing edge of the 
vane volume segment VOC de?ned by vane 14 then 
just passes the last inlet port 3. 

During another rotation of 45°, the vane volume seg 
ment is compressed to the Heat Exchanger Volume, 
Compression side (denoted VHXC). At this point the 
leading vane 16 that de?nes VHXC passes the heat 
exchanger inlet port 9 and the heated and compressed 
volume of air is pumped out of VI-IXC and into the heat 
exchanger 8 as the rotor continues to rotate another 
45°. Some of the compressed air is carried over through 
the Clearance Volume (denoted V9 C) located 
between the inlet ports 9 and outlet ports 10 of the heat 

10 

exchanger. The heat of the compressed air is then par- ‘ 
tially rejected as it is pumped through the heat 
exchanger. 

During the compression process on the left (as 
viewed in FIG. 2), the vane volume segment on the 
right now de?ned by vane 17 and vane 18 and called 
the Heat Exchanger Volume Expansion side (denoted 
VHXE), has been accepting the relatively cooled air 
from the heat exchanger. The cooled air contained in 
VI-IXE is then expanded and thereby greatly cooled as 
VHXE is expanded during the further 45° rotation of 
the vane volume segment to the position called the 
Volume of Expansion (denoted VOE) and de?ned by 
leading vane 19 and trailing vane 18. This expansion 
process recovers a large fraction of the initial work of 
compression that occurred on the left side of the 
device. 
The next 90° of rotor rotation moves the volume’ seg 

ment under consideration from VOE to the Volume of 
Exhaust (denoted V9OE) and this forces the cooled air 
out through exhaust ports 20 into the space being 
cooled. . 

One full revolution of the rotor 4 takes a charge of 
air through a complete open cooling cycle, as indicated 
by path a-b-c-d-e-f-g-a in FIGS. 3 and 4. During one 
360° revolution the device‘performs the following func 
tions: 

1. draws in ambient air, 
2. compresses and heats the air, 
3. pumps the hot air through the heat exchanger for 

the purpose of cooling it, 
4. expands the relatively high pressure cooler air to 

atmospheric pressure, lowering its temperature 
considerably and recovering compression work, 
and 

5. pushes and circulates the cooled air into the space 
being cooled. 

The foregoing description illustrates on a qualitative 
basis the advantages of this new and novel system. It 
can be demonstrated on an analytic basis that the 
device is capable of supplying substantial quantities of 
cooling power in small sizes. The following analysis, 
which has been substantiated by experiment, analyti 
cally proves the utility of one embodiment of the device 
described. ' 

THEORETICAL APPRAISAL OF DEVICE 
PERFORMANCE 

The following analysis contains these physical as 
sumptions and restrictions: 
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4 
l . Air behaves as in ideal gas, 
2. Air ?ows are considered as essentially steady, 
3. Minor pressure losses and mechanical friction are 

neglected, ~ - 

4. Kinetic energy changes are negligible. 
(Note: While this analysis considers air as the working 
?uid, it is not limited thereto.) 
The performance (cooling capacity and coefficient 

of performance) of a given refrigeration device as 
described can be predicted by a system analysis based 
on the ?rst law of thermodynamics. The steady-state 
thermodynamics of the device depends primarily on 
the contour of the inside of the stator 1 with respect to 
the rotor axis 21, the physical location of the various 
ports, and the number of vanes used. Other parameters 
such as ambient conditions are also in?uential. 
The cooling capacity is de?ned here as the product 

of the total speci?c enthalpy change achieved between 
the inlet and outlet air streams passing through the 
device and the mass ?ow rate of the air stream. That is, 

"1 (hi-ho) 

QCAP=m C» (Ti-To) (1) 
where QCAP is the cooling capacity given on a rate ba 
sis, n'i is the mass ?ow rate of air through the system, T, 
is the incoming air stream temperature, and To is the 
outlet air stream temperature. CD is the constant pres 
sure speci?c heat of the air. 
Assuming the inlet air temperature is known, the 

problem is the calculation of the outlet temperature, 
To, and the air mass ?ow rate, m. The mass flow rate‘ 
can be deduced in terms of ambient inlet conditions, 
maximum inlet volume, and operating speed. The out 
let temperature, T,,, can be found by considering the 
changes of state through which the air occupying some 
representative volume segment passes as the rotor 
rotates through a typical complete cycle after steady 
operation has been reached. The ?rst process to 
change the state of the inlet air is the compression 
process occurring as the maximum inlet volume, VOC, 
diminishes to the compression side heat exchanger inlet 
volume, VHXC, as the rotor rotates. The temperature 
of the air occupying this volume can be computed from 
the reversible polytropic relations as 

THXC=TNLT (VOC/VHXCY'" (2) 
where THXC is the temperature of the air in Vl-IXC, 
and n is the polytropic index of the process. 

Immediately after VI-IXC is reached, as seen in FIG. 
12, the leading vane 110 passes the heat exchanger 
inlet port 9. What happens now to the mass of air 1 l2 
occupying VI-IXC depends upon what has been hap 
pening to the previous generation of air charges as they 
passed through the heat exchanger and on to Vl-IXE, 
the expansion side intake volume, as shown in FIG. 13. 
If the volume VHXE is reduced by just the precise 
amount to compensate for the decreased speci?c 
volume of the air on the expansion side of the device 
(because of the cooling of the air as it passes through 
the heat exchanger), a substantially constant-pressure 
process will occur as Vl-IXC rotates ?rst to V9OC and 
then over to VHXE. FIGS. 12 and 13 show these two 
successive positions of the rotor-vane assembly as the 
rotor rotates through 45° (as it would for an eight vane 
con?guration). Since V9OC is very small compared 
with VHXC and Vl-IXE, the ?nite width of the heat 
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exchanger inlet ports 9 and outlet ports 10 has little in 
?uence upon the analysis because of the small amount 
of mass contained in V9OC. It is important to note, 
however, that the heat exchanger inlet and outlet ports 
are never in direct communication through V9OC, as 
shown in FIGS. 12 and 13, because hot air could short 
circuit the heat exchanger through this passage. 
Upon rotating another 45° after the inlet process 

some of the mass originally occupying vane segment 
VHXC passed into the heat exchanger, and some of the 
mass in the heat exchanger passed into V9OC as it ex 
panded to VHXE. Thus a closed system process is 
achieved. Applying the ?rst law of thermodynamics to 
this process, 

aQb=awb+(Ub_Ua) (3) 
where a ,, is the amount of heat transferred from the 
system during the process from a to b , and a W,, is the 
amount of work done by the system during the process. 
U,I and U‘, are internal energies of the air in the system. 
Assuming that the heat transfer takes place primarily 

in the heat exchanger, we can write, from the steady 
state form of the ?rst law (neglecting potential and 
kinetic energies) 

"Q11 = (mass through HX) C, (THXI — THXO) 

= C, (MHXC — M9OC) (THXI — Tl-lXO) (4) 
where THXI and THXO are bulk inlet and outlet tem 
peratures, respectively, of the air passing through the 
heat exchanger (HX). MHXC and M9OC represent the 
masses occupying VHXC and V9OC, the previous 
denotations are used consistently in the drawings. 

Proceeding to the work term “W0, it is seen that the 
work done by the process from a to b is given by 

VHXE ' ' V900 

“W‘FJ. V900 POW vaxo pdV+ 

where p = PHXC. Since it was assumed at the outset 
that the pumping and heat transfer processes occurred 
at substantially constant pressure, the work term is 
reduced to 

“W, = PHXC (VI-[XE — VHXC) (5) 
Finally, the internal energy terms, U, and U“ can be 

written as 

where C, is the constant volume speci?c heat of the air, 
MHXT is the total mass in heat exchanger and THX is 
the bulk temperature of the air in the heat exchanger. 
The substitution of Equations (4), (5), and (6) into 

(3 ) yields 

Cp (MHXC - M9OC) (THXO — THXI) = PHXC 
(VHXE — VHXC) 

(THXC) (7) 
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6 
vUnder steady-state conditions, no mass will accumulate 
or deplete from the heat exchanger. That is, MHXE 
will be equal to MHXC. Also, it is quite reasonable to 
assume that THXI is equal to THXC. So Equation (7) 
becomes, upon solving for THXE, 

THXE = THXC + ( 1.0 - M9OCIMHXC) (THXO — 

THXC) (8) 
Since the process has been assumed to occur at con 
stant pressure, and by using the de?nition of an ideal 
gas, Equation (8) can be simpli?ed further to 

THXE =THXC +(1.0 —- VQOCIVHXC) (THXO — 
THXC) ' (9) 

Equations (8) and (9) are dimensionally homogene 
ous, and can be further checked by considering two 
known limiting conditions: 

1. When the carry-over volume, V9OC, is zero, 
Equation (9) gives: 

, THXE=THXO, 

which is the expected result because the tempera 
ture of the air passing into ‘VHXE would be only 
a function of the heat exchanger outlet tempera ‘ 
ture, THXO. > 

2. When THXO is equal to THXC (no heat transfer), 
Equation (9) yields: 

THXE = THXC, 

which is, again, the expected result since no heat is 
transferred in this case. 

Thus an expression has been developed to predict 
the expansion side temperature of the air in the 
refrigerator device after passing the heat exchanger 
port 10 in terms of the size of the unit and the heat 
exchanger outlet temperature. Now that THXE is 
available, the ?nal device air outlet temperature 
(TOLT) can be found from the polytropic relations as 

TOLT = THXE (VHXE/‘VATMY"1 (10) 
where VATM is the correct volume to which the 
original inlet air mass volume segment (VOC) must be 
expanded to just reach atmospheric pressure, and 
thereby to minimize exhaust port noise. 
Now the air mass flow rate, m, is derived as 
m = (inlet air density).(Maximum volume flow rate) 
= p, VOC ( 1 1 ) 

where p‘ = vilRT from the ideal gas law (where R is the 
gas constant), and VOC = NZ(VOC -- V9OE). Here N 
is the operating speed (rev/min) and Z is the number of 
vane segments. V9OE is the minimum exhaust car~ 
ryover volume. Thus Equation ( 10) can be written as 

m = NZPJRT, (VOC - V9OE) (11) 
Now that T,, and m are available, the cooling capaci 

ty, QCAP, can be calculated by specifying inlet condi~ 
tions, unit geometry, and operating speed. 

Finally, the expression for the Coefficient of Per 
formance (COP) will be derived. The COP of a 
refrigeration system is de?ned as 

COP_ Cooling e?eot _ QCAP_ 
“Work Required“ WORK 

Here the work required, WORK, is considered to be 
the p-v work of the machine, neglecting friction. So we 
can write 

(12) 
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WORK = WORKC — WORKE (13) 

where WORKC is the compression work, and WORKE 
is the expansion work. From well known ther 
modynamic relations for polytropic compression and 
expansion, we have 

WORKC = (n/(n-l ))(PNLT) (VOC) (l — 
(VOC/VHXCY") 

WORKE= (n/(n-l ))(PNLT)(VOE) (l — 
VOE/VHXEY") (14) 

Thus, all the relations required to predict the operat 
ing characteristics of a given cooled-volume (VHXE) 
compensated device are now available. These relations ' 
have been programmed on a digital computer and the 
results of one example run are presented in Table I. 

TABLE I 

Computer Results 

VHXE-Compensated Refrigeration Device 

Physical Geometry (size) Performance 

Length: 6" QCAP: 4328 BTU/hr 
Major Diameter: 6" COP: 2.80 
Ellipse Angle: 35° 
Rotor Diameter: 4.92’ 

From Table I, it is seen that quite a small unit can 
produce substantial theoretical cooling effects while 
operating at a modest speed. A ten vane model has 
been built and tested and these theoretical results are 
closely approximated in actual performance of the 
device, excluding the effects of mechanical friction. 
At this point is must be re-emphasized that, in the 

foregoing analysis, it was assumed that there was no 
pressure drop from the compression side at VHXC to 
the expansion side at VHXE. That is, VHXE was ad 
justed to make up for the contraction of the relatively 
cooler gas on the expansion side. In order to obtain 
maximum performance from the device described it is 
imperative that the actual pressure drop be held to a 
minimum. 
The amount of expansion work that is recoverable 

depends directly upon the pressure from which expan~ 
sion begins (see Equation (13)). If PHXC is decreased 
for any reason from the value obtained on the compres 
sion side, something less than the maximum work 
recovery will be achieved and the minimum low tem 
perature achievable (TOLT) will be increased, thereby 
directly limiting the cooling capacity QCAP, as shown 
by Equations (10) and (l). The next portion of this 
analysis presents in a quantitative manner, the effects 
of not properly compensating for the specific volume 
decrease occurring on the expansion side. 

Theoretical Appraisal of Device Performance 

Without VHXE Compensation 

Consider for simplicity a symmetrical stator interior 
with the axis of the rotor coinciding directly with the 
central axis of the stator, with the inlet heat exchanger 
port located symmetrically opposite the outlet heat 
exchanger port (not shown in the drawings). 
To begin this analysis, consider the conservation of 

mass: At steady-state operating conditions, the mean 
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8 
amount of mass occupying the heat exchanger will not 
change. Therefore, the amount of mass on the com 
pression side of the device must be equal to the amount 
of mass on the expansion side. This can be stated as 
MHXC = MHXE, and in terms of a perfect gas, we 
have 

(PHXC') (VHXC) _ (PHXE) (VHXE) 
R(THXC') _ R(THXE) 

Solving for PHXE yields 
(VHXC) (THXE) 

PHXE? (PHXC) (VHXE) (THXC) (14) 

For the symmetrical geometry under consideration, 
VHXC = VHXE, for Equation ( 14) reduces to 

PHXE = PHXC (THXE/THXC) (15) 
So as a result of cooling, THXE will be less than THXC, 
and therefore, PHXE will be depressed with respect to 
PHXC. Since this pressure is lowered, the amount of 
available work of expansion is decreased (as discussed 
earlier), reducing the total capacity and the coefficient 
of performance. 

In order to predict the adverse effect on performance 
resulting from this pressure loss, apply the First Law of 
Thermodynamics again. 

Equations (1), (2), (3), and (6) still hold from the 
?rst law. However, the work term “W0 is different. As 
sume that the pressure drop across the heat exchanger 
is negligible. Therefore, the pressure inside of the heat 
exchanger must be very nearly equal to the pressure in 
side VHXE, which is PHXE. However, just at the mo 
ment the leading vane of VHXC passes the heat 
exchanger inlet port, a surge of air will ?ow from 
VHXC to the heat exchanger thereby rapidly equaliz 
ing the pressure in the three volumes VHXC, V9OC, 
and VHXE, and also the heat exchanger. The pressure 
equalization takes place in a very short time compared 
with the time required for the volume VHXC to 
diminish to V9OC. Therefore, a substantially constant 
pressure pumping process from the compression side of 
the device to the expansion side will take place, but at a 
lower pressure, PHXE. 

For this case the work ,w, is reduced to zero 
because the volumes VHXC and VHXE are equal and 
the process occurs at constant pressure. Therefore, 
Equation (5) of the previous analysis becomes 
C, (MHXC—M9OC) (THXO-Tl-IXT) = C, (MHXC) 
(THXE)-C,. (MHXC) (THXC) (5% 
Note here that THXI (l-lX inlet temperature) is used 
because the temperature of the air entering the heat 
exchanger will be somewhat different from THXC 
because of the expansion from PHXC to PHXE. Sim 
plifying Equation (5,) and solving for THXE yields 

THXE = THXC + k( l-Mgoc/Ml-lxc) 
(THXO-TI-IXI) (6) 

31 m 
Unfortunately, Equation (6') cannot be written 
directly in terms of the volumes as was done previously 
in Equation (7) because MHXC and M9OC both de 
pend on the temperatures and pressures in the respec 
tive volumes. 
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Examination of Equations (5') and (6'), and also 
(l5), discloses an interdependence; PHXE depends 
upon THXE and TI-IXE depends upon PI-IXE. These 
implicit relations were also programmed for solution, 
employing an iterative technique to obtain PI-IXE and 
Tl-IXE. Once TI-IXE was available, Equations (7) 
through (13) were used (with minor adjustments which 
considered PHXE instead of PI-IXC) to compute the 
performance of a particular device geometry. Table II 
below presents the results of one set of calculations for 
the same size unit as in previous work (See Table I for 
comparison). 

TABLE II 

Computer Results 

Non-VHXE Compensated Refrigeration Device 

Physical Geometry (size) Performance 

Length: 6" 
Major Diameter: 6" QCAP: 3612 BTU/hr 
Ellipse Angle: 35° COP: L24 
Rotor Diameter: 4.92 

Not only is the cooling capacity 20 percent less than 
the VHXE compensated device, but the COP has been 
cut in half. (Although it will require more than twice as 
much power to operate the non-VHXE compensated 
device, a COP of 1.24 is considerably better than that 
achieved by auto air conditioning units now in service.) 

FIGS. 9 and 10 are the P—-V and T-S diagrams, 
respectively, of the noncompensated design, and FIGS. 
3 and 4, respectively, are the P-V and T~S diagrams of 
a VHXE compensated device. The e?ects of the pres 
sure loss can be seen by comparison of these ?gures. In 
FIG. 9, for instance, the amount of recovered work of 
expansion is obviously less in the case when heat 
exchanger pressure loss arises from lack of VI-IXE 
compensation. Likewise, in FIG. 10, the amount of 
heat transferred is notably less in the case of the non 
compensated model. 
Now that the importance of VHXE compensation 

has been demonstrated, it remains to show how this 
compensation is accomplished in the actual device. 

METHODS OF VHXE COMPENSATION 

The present invention may be realized by any one of 
several methods by which expansion-side volume com 
pensation is achieved. 

In practice the only VHXE compensation really 
necessary to provide a practical and highly e?icient 
device using the construction previously described and 
shown in FIGS. 1 and 2 is to locate the heat exchanger 
outlet ports 10 at an average design point while operat 
ing upon air at normal ambient temperature conditions. 
However, more precise methods of achieving such 
VHXE compensation may also be employed. 
One such method is to reduce the major axis 120 of 

the expansion side of the stator by the correct amount 
to make VHXE take on the correct value. FIG. 8 de 
picts this approach. 

Another method of compensating for the increased 
density of the air after passing through the heat 
exchanger is to shift the axis of the rotor from the 

' center of the stator to a position 121 which will 
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10 
diminish VHXE by the required amount. This ap 
proach is shown in FIG. 7. 

It can be seen that the VHXE compensation methods 
shown in FIGS. 7 and 8 are simple to achieve, but they 
are not easily made to be continuously variable, and 
therefore ?exible to adjust for varying ambient inlet 
conditions (TNLT, PNLT, etc.). Therefore, some sin 
gle mean design value of rotor axis offset or expansion 
side major axis decrement must be chosen which offers 
the best over-all performance. It is conceivable that the 
device could be built such that the rotor axis offset 
and/or expansion side major axis decrement could be 
continuously variable. 
Another method which achieves VHXE compensa 

tion, on a continuously variable basis, with simple con 
trol characteristics is depicted in FIG. 6. Using this 
method, air passes from the heat exchanger inlet ports 
9 through the heat exchanger, and then into a passage 
123 which leads to a port in communication with a hol 
low chamber 124 inside the rotor. The air then passes 
through aslit 126 defined by two thin-walled semi~ 
cylinders, movable semi—cylinde=r 127 and stationary 
semi-cylinder 128, and ?nally through the radial slots 
129 in the rotor between each vane segment to VHXE. 
One of these thin-walled mating Ihalf~cylinders is capa 
ble of sliding circumferentially with respect to the 
other, thereby controlling the azimuthal angle through 
which the ‘radial rotor slots 129 communicate with the 
air passing inside the rotor. Therefore, the size of 
VHXE is effectively controlled. 

This method of VHXE compensation can be con 
trolled by a simple calibrated bellows-lever arrange 
ment (not shown) which senses any pressure change in 
side the heat exchanger and shifts semi-cylinder I27 
accordingly. 

As: pressure would tend to build up in the heat 
exchanger due to less mass leaving the heat exchanger 
than entering it, the sensing bellows would expand 
slightly. This would cause a lever (not shown) to rotate 
movable semi-cylinder 127 counter-clockwise to in 
crease VHXE, thereby accepting more mass from the 
heat exchanger and relieving the pressure build-up. Ob 
viously the same control process would function in a 
reverse fashion as changing ambient conditions caused 
a pressure drop in the heat exchanger. This construc 
tion continuously compensates for changing ambient 
conditions (as well as changing operating speeds) and 
permits maintaining maximum performance over a 
wide range of operating conditions. 
Another method by which this continuously variable 

VHXE compensation can be achieved is depicted in 
FIG. 5. In this version of the device, the heat exchanger 
outlet port 200 is constructed such that it can slide 
back and forth, thereby compensating VHXE for densi 
ty differences and maintaining maximum performance. 
The outlet ports 200 can be constructed either on the 
end-plates (not shown) or on the stator wall 201, in 
which case a substantially ?at section 202 is machined 
on the interior of the stator wall in the vicinity of the 
heat exchanger outlet port to facilitate easy sliding mo 
tion and sealing. This sliding relocatable port can be 
controlled by a simple bellows arrangement 203 (or by 
any other means known by the state of the art) much 
like that discussed previously. The same result may be 
obtained in the same manner as described above as 
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shown in FIG. 6 by making the heat exchanger inlet 
port 198 movable or stator wall ?at portion 196. Actual 
cooling capacity can be changed in this manner 
because the compression ratio is changed by moving 
inlet port 198. 

Still another method of obtaining VHXE compensa 
tion can be made so that not only is VHXE adjusted in 
order to compensate for air density increases on the ex 
pansion side due to cooling, but the final outlet volume, 
VATM, can also be adjusted to compensate for this 
density increase. Adjusting VOE to the correct value is 
very desirable because exhaust port noise can be 
minimized thereby. That is, if the ?nal outlet volume, 
VATM, is adjusted so that if at just the moment the ‘ 
leading vane of the ?nal outlet vane chamber passes 
onto the ?nal outlet ports, the pressure of the air con 
tained within this chamber has just reached the value 
equal to the surrounding pressure, no severe acoustic 
disturbances will occur. 

FIG. 14 shows this combination of continuously vari 
able VHXE and VOE compensation. Here it is seen 
that the ?nal outlet volume, VOE, is controlled by the 
location of the slidable ?nal outlet port wall 205 which 
can be controlled by any means known by the state of 
the art. Of course it is quite possible to choose some 
average design value for the permanent location of the 
?nal outlet port wall. 

Because the refrigeration device of this invention is 
easily capable of cooling 80° F. intake air to -30° F ., the 
water vapor in the humid intake air will be condensed 
or frozen during cooling. Some means must be pro 
vided to get rid of the cold water (ice) particles in the 
exhaust air or an icing condition will be created in the 
cooled space into which this air is introduced. FIG. 11 
shows an intake duct 98 and an adjacent outlet duct 
102. This is a desirable arrangement for several reasons 
that are described below. 
An air cleaner 96 is placed in the inlet duct to keep 

impurities out of the system. Baf?es 103 are disposed in 
the outlet duct causing the air (indicated by arrows) to 
follow a serpentine path whereby the water (or ice) 
particles are physically thrown outward against the 
duct walls 94 which in turn catch such particles so that 
they may be channeled through drain holes 92 into a 
catching trough 90. The cold moisture particles thus 
collected may be drained off to drain hole 88 or, if 
needed, may be circulated in jacket 86 past the heat 
exchanger to further cool the air flowing therewithin. 
These baffles may also be arranged in harmonic opposi 
tion to muffle the outlet port noise. 
Another advantage of locating the inlet and exhause 

ducts adjacent one another is that a butter?y mixing 
valve 84 may be conveniently interposed in communi 
cation therebetween for the purpose of using the humid 
inlet air to both re-humidify and partially warm the 
cold outlet air before it is discharged into the space to 
be cooled. 
Another novel feature that is used in conjunction 

with the refrigerated device described hereinbefore, is 
an expansible elastic or pneumatic resilient ring band 
101 as shown in FIG. 1 1. The said spring band exerts an 
outward pressure on the reciprocatable vanes 82 as 
they continuously maintain sealing engagement with 
the elliptical walls 80 of the stator during rotation of 
the rotor 78 and permits a wider range of reciprocal 
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12 
radial motion than previously known in the art without 
the direct use of internal pressurization. 
Other pressure systems for maintaining vane contact 

presently used in connection with all manner of rotary 
compressors and pumps are limited as to the range of 
radial travel that is permitted. This limiting factor in 
turn limits the capacity of the pump or compressor of 
the rotary type because the interior walls of the stator 
cannot be located very far away from the exterior sur 
face of the rotor and hence the volume of ?uid upon 
which the work is performed is limited in turn. The 
utility of the spring band may be further enhanced by 
introducing an external booster pressure (from the high 
pressure side of the device) through port 76 to the band 
interior. The advantage of using this combination of 
band spring action and booster pressure is that a lighter 
band material may be used with a resultant reduction in 
the frictional forces generated between vane ends 74 
and the stator wall. Common means of biasing the 
reciprocatable vanes of a rotary pump or compressor 
are shown in US. Pat. No. 2,739,539 (internal air pres 
sure) and US. Pat. No. 3,434,655 (internal air 
cushion). The spring band described above (with or 
without booster pressure), or any of the common exter 
nal air biasing systems may, however, be used with 
good results in connection with the refrigeration device 
described hereinabove. 

It should also be realized that the stator of the device 
described may be considered as a rotor, and vice versa. 

I claim: 
1. A refrigeration device comprising: 
unitary compressor and expander means, 
a heat exchanger having an inlet port connected to 

> one side of said unitary means and an outlet port 
‘connected to another side of said unitary means, 
said unitary means including an intake port and an 

exhaust port, both of said ports being open to 
ambient pressure whereby a fluid enters said 
unitary means and is compressed, and then is 
passed through said heat exchanger at a substan 
tially constant‘ pressure, and then reintroduced 
into said unitary means and is expanded and ex 
hausted to ambient pressure, such ?uid passage 
comprising one cycle for said refrigeration 
device. 

2. A refrigeration device comprising: 
a stator including a chamber having a noncircular 

cross-section, 
end members closing said chamber, 
a rotor rotatably mounted in said chamber, 
said rotor having a plurality of vane slots therein, 
an inlet port and an outlet port communicating 
between ambient pressure and said stator 
chamber, 

a heat exchanger having an inlet port and an outlet 
port both communicating with said stator chamber 
and both located between the inlet and outlet ports 
of said device which communicate with ambient 
pressure, 

a multiplicity of vanes, at least one being at least sub 
stantially radially slidable in each of said slots, 

vane biasing means which urges said vanes in at least 
substantially a radially outward direction into 
slidable but continuous contact with the chamber 
wall whereby a multiplicity of separate chambers 
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are formed inside said stator chamber, said cham 
bers being adapted to successively increase in 
capacity and decrease in capacity upon rotation of 
the rotor, 

one of said separate chambers communicating with 
the stator inlet port to ambient pressure, 

another of said separate chambers being sealed and 
adapted to compress ?uid therewithin upon rota 
tion of the rotor, ' 

another of said separate chambers communicating 
with the heat exchanger inlet port, 

another of said separate chambers communicating 
with the heat exchanger outlet port, 

another of said chambers being sealed and adapted 
to expand ?uid therewithin upon rotation of the 
rotor, 

another of said separate chambers communicating 
with the stator outlet port to ambient pressure, 

a 360° rotation of the rotor causes a given ?uid seg 
ment between vanes to pass from an intake stage at 
ambient pressure, through a compression stage, 
through a heat exchanger stage, through an expan 
sion stage, and into an exhaust stage to ambient 
pressure whereby substantially all the heat of com 
pression is dissipated through the heat exchanger 
and substantially all the cooling effect of expan 
sion is imparted to the ?uid being exhausted at the 
stator exhaust port. 

3. The refrigeration device of claim 2 wherein the 
heat exchanger outlet port is located so that the fluid 
volume de?ned by the vanes immediately on either side 
of said outlet port at a given rotational point has a value 
adapted to accept the same amount of ?uid mass as en 
tered the heat exchanger inlet port at said given rota 
tional point. _ 

4. The refrigeration device of claim 3 wherein said 
heat exchanger outlet port is at a fixed, location calcu 
lated for a normal range of ambient conditions whereby 
an approximately VHXE compensated device is pro 
vided. 

5. The refrigeration device of claim 3 including 
VHXE compensation means comprised of: 

a ?uid inlet from the heat exchanger to a chamber in 
side the rotor, 

a pair of thin-walled semi-cylinders at least one of 
which is circumferentially in said rotor chamber, 

?uid passages from said rotor chamber to the ?uid 
segment of the heat exchanger exhaust port, one of 
said cylinders being shiftable to open and close 
said passages, 

control means for circumferentially shifting at least 
one of said semi-cylinders, said means being 
responsive to pressure changes inside the heat 
exchanger whereby heat exchanger ?uid is sup 
plied to the ?uid segment at the heat exchanger ex 
haust port in sufficient mass to provide VHXE 
compensation. , 

6. The refrigeration device of claim 3 including 
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14 
VHXE compensation means comprised of: 

a heat exchanger outlet port movable with respect to 
its circumferential position on the chamber wall of 
the stator, 

heat exchanger outlet port location control means 
responsive to pressure changes in the heat 
exc er d c ib ated to move said on s th t the ‘iii zlameatletlned by the vanes ifr’rmed‘iatel‘y 
on either side of said heat exchanger outlet port at 
a given rotational point has a value adapted to ac 
cept the same amount of ?uid mass as entered the 
heat exchanger inlet port at said given rotational 
point. 

7. A refrigeration device according to claim 2 having 
inlet and outlet ducts communicating, respectively, 
with the stator inlet port and stator outlet port, 

moisture or ice particle catching means disposed in 
said outlet duct whereby exhaust air is dehu 
midi?ed. 

8. The refrigeration device according to claim 7 
wherein said moisture catching means is connected to 
cooling means adapted to circulate said moisture in 
heat exchanging relationship with the ?uid in said heat 
exchanger whereby said heat exchanger ?uid is cooled. 

9. The refrigeration device according to claim 2 hav 
ing adjacently disposed inlet and outlet ducts commu 
nicating, respectively, with the stator inlet port and sta~ 
tor outlet port, 
and variable mixing means communicating between 

said inlet and outlet ducts whereby incoming warm 
moist ?uid may be mixed in the desired propor 
tions with the cool, dry exhaust ?uid to provide 
temperature and humidity adjustment. 

10. The refrigeration device of claim 3 including 
VHXE compensation means comprised of: 
a heat exchanger inlet port movable with respect to 

its circumferential position on the chamber wall of 
the stator, 

heat exchanger inlet port control means responsive 
to pressure changes in the heat exchanger and 
calibrated to move said port so that the ?uid 
volume de?ned by the vanes immediately on either 
side of said heat exchanger inlet port at a given 
rotational point has a value adapted to inject the 
same amount of ?uid mass as exited the heat 
exchanger outlet port at said given rotational 
point. ‘ 

11. The refrigeration device of claim 3, including 
VOE compensation means comprised of: 
A device outlet port movable with respect to its cir 

cumferential position on the chamber wall of the 
stator, 

device outlet port control means responsive to 
changes in VOE and calibrated to move said port 
so that the ?uid pressure in the space denoted 
VOE at a given rotational point has a value sub 
stantially equal to the ?uid pressure in the space 
denoted VOLT at said given rotational point. 

* * 8! * it 
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‘Amend Claim 1 to ‘read as follows: 

i, A refrigeration device comprising: 

unitary compressor and expander means, 

a heat; exchanger having an inlet port connected to one side 

,_ of said unitary means and an outlet port connected to another side of said 

‘ unitary means, ' 

said unitary means including an intake port and an exhaust 

port,‘ both of said ports being open to ambient pressure, 

said unitary means including a rotor and stator, one of which 

'has anon-circular section, and a single set of vanes extending between 

said rotor and said stator forming substantially sealed chambers therebetween, 

and wherein said rotor and stator and single set of vanes accomplish intake 

pumping, compression, heat exchanger inlet pumping, heat exchanger outlet 

pumping, expansion and outlet pumping, 

whereby a fluid enters said unitary means and is compressed, and 

J, passed through said heat exchanger at a substantially constant 
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r pressure, and then reintroduced intc said unitary means and is 

expanded and exhausted to ambient pressure, such fluid- passage 

comprising one cycle for said refrigeration device. 
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