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(57) ABSTRACT 

A plural screW compressor-expander machine has a casing 
(10) in the interior of Which are mounted intermeshing 
helical rotors (11 and 12). The rotors (11 and 12) are 
supported at each end in bearings in the end Walls of the 
casing. The interior of the casing is divided by a transverse 
partition (14) into a relatively longer compressor portion (1) 
and a shorter expander portion The higher pressure ports 
(16, 18) of the compressor and expander portions are adja 
cent the partition, on opposite sides of a plane through the 
rotor aXes. Similarly, the loWer pressure ports (15, 17) are on 
opposite sides of the plane through the rotor aXes but 
adjacent the end Walls. This arrangement reduces the loads 
on the bearings of the rotors. 
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SCREW COMPRESSOR-EXPANDER MACHINE 

[0001] This invention relates to plural-screW compressor 
expander machines. These are positive displacement rotary 
machines Which consist, essentially, of a pair of meshing 
helically lobed rotors, contained in a casing. 

[0002] Plural-screW machines are Widely used as com 
pressors. An important feature of such machines is that if the 
direction of gas How is reversed, so that high-pressure gas is 
delivered to How into the machine through the high pressure 
port and out through the loW pressure port, it Will act as an 
expander With the direction of rotation reversed. The 
machine Will also Work as an expander When rotating in the 
same direction as a compressor provided that the suction and 
discharge ports are positioned on the opposite sides of the 
casing to those for a compressor since this is effectively the 
same as reversing the direction of rotation relative to the 
ports. When operating as a compressor, mechanical poWer 
must be supplied to a main rotor to rotate the machine. When 
acting as an expander, the rotor Will rotate automatically and 
generate poWer. 

[0003] A major problem With the plural screW machines is 
that the pressure difference betWeen entry and exit creates 
very large radial and axial forces on the rotors Whose 
magnitude and direction is independent of the direction of 
rotation. It is normal practice to have bearings on each end 
of the rotors and these have to Withstand both the radial and 
axial loads induced by the pressure difference. As a result, 
some of the poWer transmitted through the rotors is lost in 
bearing friction. More importantly, in these machines, the 
pressure difference by Which it is possible to compress gases 
Within one pair of rotors is limited to approximately 60 bar 
in normal designs. This is because the bearing siZes, needed 
to Withstand large forces, are very big and the space betWeen 
the rotor shafts, in Which they must ?t, is limited by the 
required distance betWeen the axes of the rotors. Thus any 
means of reducing these bearing loads Will extend the range 
of pressures and hence applications, for Which such 
machines may be used. 

[0004] In recent years, there have been proposals to 
replace the conventional throttle valve of a refrigeration 
plant by an expander, Which is typically a plural-screW 
machine, and to use the poWer thereby generated to assist the 
main vapour compressor or to drive a separate vapour 
compressor. (See Smith, I. K. and Stosic, N. R. ,“The 
Expressor: An Efficiency Boost to Vapour Compression 
Systems by PoWer Recovery from the Throttling Process”. 
AES-Vol. 34, Heat Pump and Refrigeration Systems Design, 
Analysis and Applications ASME 1995. US. Pat. Nos. 
5,192,199; 5,911 743; and 6,185,956 and International 
Patent Speci?cation WO00/7558). This results in an 
expander-compressor machine of the kind for Which the 
present invention relates. 

[0005] According to the present invention, there is pro 
vided a plural-screW expander-compressor machine com 
prising intermeshing ?rst and second helically-pro?led 
rotors mounted for rotation in opposite directions in a 
housing by means of bearings at the opposite ends of the 
rotors, the interior of the housing being divided by a 
transverse, partition into a compressor portion and an 
expander portion, the rotors extending through the partition 
and having circularly pro?led portions Where they extend 
through the partition, the tWo housing portions each having 
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a higher pressure port and a loWer pressure port, the higher 
pressure ports being adjacent the partition and on opposite 
sides of the rotors. 

[0006] By arranging the high pressure ports near each 
other but on opposite sides of the rotors, the net lateral and 
axial forces on the rotors are greatly reduced resulting in an 
important reduction in the rotor bearing siZes. 

[0007] Also during recent years, there has been much 
interest in the use of What are described as “natural” Working 
?uids in refrigeration and air conditioning systems in order 
to avoid the use of halogenated hydrocarbons and therefore 
minimise atmospheric pollution. One of the most favoured 
of these is carbon dioxide (CO2) . HoWever, despite its 
environmental advantages, tWo major problems inhibit its 
Widespread use. The ?rst of these is that the pressure 
differences required across the compressor are of the order 
of ten times those needed using existing refrigerants. This 
implies that if screW compressors are used, the very heavy 
bearing loads associated With these pressures make the 
design very complex. The second limitation is that When 
used in normal air conditioning and refrigeration systems, 
the range of operating pressures and temperatures required 
are close to the critical point of CO2. Hence the losses 
associated With throttling are much larger than those asso 
ciated With the use of conventional refrigerants. It folloWs 
that some recovery of poWer in the expansion process is 
therefore required in order to achieve an acceptable coef? 
cient of performance from a CO2, cycle. 

[0008] The use of an expander-compressor in accordance 
With the invention mitigates the problem of high bearing 
loads associated With tWin screW machines, and at the same 
time enables some poWer to be recovered from the expan 
sion of the ?uid betWeen the cooler and evaporator for 
example in a CO2vapour compression cycle system. 

[0009] The invention Will noW be further described by 
Way of example With reference to the draWings, in Which: 

[0010] FIG. 1 is a schematic circuit diagram of a refrig 
eration system With carbon dioxide as refrigerant and incor 
porating a machine embodying the invention, 

[0011] FIG. 2 is a longitudinal sectional vieW of the 
machine on the axes of the tWo rotors, 

[0012] FIG. 3 is a longitudinal sectional vieW through the 
axis of the main rotor at right angles to FIG. 2, 

[0013] FIG. 4 shoWs the forces acting on the compressor 
forming portions of the rotors, 

[0014] FIG. 5 shoWs the forces acting on the expander 
forming portions of the rotors, 

[0015] FIG. 6 shoWs the net forces acting on the rotors, 

[0016] FIG. 7 is an enthalpy entropy diagram of the 
system shoWn in FIG. 1, 

[0017] FIG. 8 is a schematic diagram of a fuel cell system 
incorporating a machine embodying the invention, and 

[0018] FIGS. 9 and 10 are vieWs similar to FIGS. 2 and 
3 of an alternative machine suitable for use in the system of 
FIG. 8. 

[0019] FIG. 1 shoWs the layout of a C02 refrigeration 
system, operating betWeen an evaporating temperature of 0° 
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C. and a cooler exit temperature of 40° C. As in a conven 
tional system, CO2at approximately 35 bar has its pressure 
raised to 100 bar in a compressor 1 driven by a motor 2. It 
then passes through a cooler 3 Where it is cooled in the 
supercritical state at approximately constant pressure until it 
reaches a temperature of 40° C. The cooled dense ?uid 
Would then pass in conventional practice through a throttle 
valve in Which the pressure is reduced back to 35 bar. As a 
result of the pressure drop, it lique?es and part ?ashes into 
vapour, causing the liquid-vapour mixture to fall in tem 
perature to 0° C. The cooled liquid CO2, together With the 
vapour formed during ?ashing, then passes through an 
evaporator 4, Where it receives heat from the cold surround 
ings at approximately 35 bar and 0° C. until all the refrig 
erant is evaporated. The dry, or slightly superheated vapour 
then enters the compressor 1 to complete the cycle. As can 
be seen, the required pressure rise across the compressor is 
65.2 bar, Which is beyond the limit of What is readily 
achievable in a single stage tWin screW compressor; due to 
excessive loads on the rotor bearings. Further, the energy 
losses due to the throttle valve Would be substantial. 

[0020] To overcome these problems, the compressor 
rotors are extended to form expander rotor portions in an 
expander 5. The resulting machine is shoWn schematically in 
FIGS. 2 and 3 and includes a housing 10 de?ning a chamber 
containing a helically lobed main rotor 11 and a helically 
grooved gate rotor 12 Which meshes With the main rotor 11. 
Each rotor has a cylindrical extension at each end by means 
of Which it is rotatably supported in bearings (not shoWn) in 
the end Walls of the housing 10, the extension at one end of 
the main rotor 11 being prolonged at 13 for a driving 
connection to the motor 2. 

[0021] The interior of the chamber in the housing is 
divided by a transverse partition 14 into a longer compressor 
portion and a shorter expander portion. The partition 14 is 
divided along a plane through the axes of the rotors and 
extends into an annular groove in each rotor 11, 12. During 
assembly, the tWo halves of the partition are engaged in the 
rotors and the assembly thus formed is introduced into the 
chamber through one end thereof. 

[0022] The compressor portion of the housing has a large 
diameter (and thus large area) inlet port 15 at one end of the 
housing (its position relative to the rotors being indicated in 
FIG. 2) and a smaller diameter (and thus small area) outlet 
port 16 adjacent the partition 14, on the opposite side of the 
rotors. The compressor inlet port 15 is connected by a line 
21 (FIG. 1) to the outlets of the evaporator and the com 
pressor outlet port 16 is connected to the inlet of the cooler 
3 by a line 22. 

[0023] The expander portion of the housing has a larger 
diameter (and thus large area) outlet port 17, at the opposite 
end of the housing 10 to the compressor inlet port 15, and 
a smaller area inlet port 18 adjacent the partition 14 on the 
opposite side of the rotors 11 and 12 to the outlet port 17. 
The expander outlet port 17 is connected by a line 24 to the 
inlet of the evaporator 4 and the expander inlet port 18 is 
connected by a line 23 to the outlet of the cooler 3. 

[0024] The ports 16 and 18 are the high pressure ports of 
the compressor and expander. They are on opposite sides of 
the rotors (FIG. 3) but axially close to each other, adjacent 
the partition 14. 
[0025] Referring to FIG. 3, high pressure dense ?uid 
enters the expander port 18 at the top of the casing 10, near 
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the centre, and leaves through the loW pressure port 17 at the 
bottom of the casing at one end, as a mixture of liquid and 
vapour. The expansion process causes the temperature to 
drop, as in passing through a throttle valve. HoWever, here 
the fall in pressure is used to recover poWer and causes or 
assists the rotors to turn. Vapour from the evaporator 4 enters 
the loW pressure compressor inlet port 15, at the top of the 
opposite end of the casing, is compressed Within it and 
expelled from the high pressure discharge port 16 at the 
bottom of the casing, near the centre, to be delivered to the 
cooler 3. Ideally, there is no internal transfer of ?uid Within 
the machine betWeen the expansion and compression sec 
tions Which each take place in separate chambers. 

[0026] Because the high pressure ports are in the centre of 
the unit and arranged so that they are on opposite sides of the 
casing, the high pressure forces due to compression and 
expansion are opposed to each other and, more signi?cantly, 
only displaced axially from each other by a relatively short 
distance. The radial forces on the bearings are thereby 
signi?cantly reduced. In addition, since both ends of the 
rotors are at more or less equal pressure, the axial forces 
virtually balance out. The folloWing example indicates the 
extent of the advantages, Which are possible from this 
arrangement. 

[0027] Consider a refrigerator in Which CO2 leaves the 
evaporator at the rate of 2.75 m3/min as dry saturated vapour 
at a pressure of 35 bar to leave the compressor and enter the 
cooler at a discharge pressure of 100 bar. 

[0028] To determine the reduction in mechanical forces, 
exact calculations Were carried out on a large simulation 
program to aid the design of tWin screW machines. The 
results of this shoWed that for the compressor, the main rotor 
required Would be 102 mm in diameter With a lengthzdiam 
eter ratio of 1.5: 1. The expander required to replace a throttle 
valve in this system Would have a male rotor of the same 
diameter but With a lengthzdiameter ratio of 1:1. 

[0029] FIG. 4 shoWs the compressor rotors portions 11C, 
12C and the bearing loads Which must be resisted if the 
refrigeration system is designed With a conventional screW 
compressor drive. On the main rotor 11C alone, there is an 
axial force of 92 kN and radial bearing forces of 133 kN at 
the high pressure end and 45.5 kN at the suction end. These 
forces are at angles to the plane of the ?gure. 

[0030] In FIG. 5 the expander rotor portions 11E, 12E and 
their corresponding bearing forces are similarly shoWn. 
Here, the axial bearing load on the main rotor is 92 kN While 
the corresponding radial loads are 86 kN at the high pressure 
end and 34 kN at the loW pressure end. 

[0031] FIG. 6 shoWs the bearing forces as a result of use 
of the invention if the compressor and expander rotors are 
machined on the same shafts With the high pressure ports in 
the middle and the loW pressure ports at each end of the 
housing. By this means the main rotor axial load has been 
reduced to 0 kN. The radial bearing loads (added vectorially) 
are noW 117 kN at the expander end and 101 kN at the 
compressor end. 

[0032] Thus the total bearing load on the main or male 
rotor 11 alone has been reduced from 270.4 kN for the 
compressor alone to 218 kN for the combined compressor 
expander. If both male and female rotors are included, then 
the total bearing load is reduced from 556 kN for the 
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compressor alone to only 448 kN for the combined rotors. 
This amounts to a total decrease in bearing load of nearly 
20%. Design problems associated With high bearing loads in 
screW compressors for COZsystems are thereby reduced. 

[0033] With regard to the improvement in thermodynamic 
performance, an enthalpy entropy diagram of the idealised 
cycle With reversible compression and expansion of the CO2 
is shoWn in FIG. 7. 

[0034] Additionally in FIG. 7, the curve 31 is the satura 
tion line for CO2 and the curve 32 is the saturation line for 
CO2 vapour. 

[0035] As can be seen, point 21 corresponds to vapour 
being admitted to the compressor through the line 21 of 
FIG. 1, point 22 to discharge from the compressor 1 at 22 
and entry to the cooler 3 and point 23 to exit from the cooler 
3. If the ?uid then passes through a throttle-valve, isenthal 
pic expansion Will lead to it entering the evaporator at point 
24t. HoWever, if it passed through the expander and Work is 
extracted from it, then the expansion process Will be adia 
batic and the ?uid Will enter the evaporator at point 246. The 
difference betWeen these tWo processes is that Work extrac 
tion reduces the speci?c enthalpy of the ?uid entering the 
evaporator by 14.9 kJ/kg. This causes the same mass of ?uid 
to enter the evaporator With less vapour and hence has the 
effect of increasing the refrigerating capacity of the plant by 
12.4%. 

[0036] At the same time, this recovery of 14.9 kJ/kg in the 
form of shaft Work is used to reduce the external Work input 
to the compressor, shoWn by the difference betWeen points 
21 and 22, from 43.0 kJ/kg to only 28.1 kJ/kg. Thus there is 
a saving in poWer input of 34.6%. 

[0037] The coef?cient of performance Will be improved by 
both these factors and thus be theoretically increased by 
72%. HoWever, these ?gures are based on idealised Work 
input and output. In a practical system, alloWance Would 
have to be made for the compression and expansion ef? 
ciencies, Which Would reduce the expansion Work and 
increase the compression Work. Nonetheless, an overall gain 
in coefficient of performance of the order of 30% should still 
be achievable by this means. 

[0038] A further preferred feature is the use of rotors 
Which seal on both contacting surfaces so that the same 
pro?le may be used both for the expander and the compres 
sor sections. In fact, since compression and expansion are 
carried out separately, the compressor and expander pro?les 
could be different. HoWever, this Would make manufacture 
extremely dif?cult, due to the very small clearance space, 
Which could be less than 10 mm, betWeen the, tWo rotor 
portions. By using the same pro?le for both, the compressor 
and expander rotors can be machined or ground in a single 
cutting operation and then separated by machining a parting 
groove in them for the partition on completion of the lobe 
formation. 

[0039] Additionally, the expansion section can contain a 
capacity control such as a slide or lifting valve to alter the 
volume passing through it at part load, in a manner identical 
to capacity controls normally used in screW compressors. 
This Would be in addition to any capacity or volume ratio 
control used for the compression section. This Would then 
replace the throttle valve control system normally required 
in conventional vapour compression systems. 
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[0040] Although the invention is especially suitable for 
operation on high pressure CO2 systems, it may equally be 
used With more conventional refrigerants, or indeed, Wher 
ever there is a need for combined expansion and compres 
sion processes or even if a combined expansion-compres 
sion process is established only to reduce the rotor loads. 

[0041] The balanced rotor concept is also applicable for 
the “expressor” system of a motorless self-driven expander 
compressor machine described in the paper ‘Expressor’ 
mentioned above. 

[0042] Another application of such a machine is to the 
supply of air under superatmospheric pressure to a fuel-cell 
installation, the system being poWered by exhaust gas from 
the fuel-cell installation as it expands through the expander 
portion of the machine. FIG. 8 is a block diagram of a fuel 
cell system using hydrogen as fuel and incorporating a 
machine as shoWn in FIGS. 2 and 3. Hydrogen is supplied 
from a source 41, such as a hydrogen generator or a 
pressurised tank, through a pressure regulator 42 to a fuel 
cell stack 43. Unused hydrogen from the stack is recirculated 
at 44. To provide the required oxygen, air is draWn in from 
an intake 45 and intake ?lter 46 via the compressor portion 
1 of the machine shoWn in FIGS. 2 and 3. The air enters the 
compressor 1 through its port 15 and is delivered to the fuel 
cell stack 43 through the high pressure port 16. Combustion 
products from the fuel cell stack 43 under pressure are 
delivered to the inlet port 18 of the expander portion 5 and 
leave the latter through its outlet port 17, such exhaust 
consisting of Water, and nitrogen. 

[0043] Excess heat generated in the fuel cell stack 43 is 
removed by a cooling system including a radiator 47 and a 
coolant circulating pump 48 driven by electricity generated 
Within the fuel cell stack. 

[0044] The main electrical poWer output from the fuel cell 
stack is delivered to a poWer distribution unit 49 Which 
distributes poWer to the driving motor 50 for the compressor 
expander machine, a DC converter 51 for charging a storage 
battery 52 and a traction motor assembly 53 for driving a 
vehicle axis 54 in the case of a vehicle. 

[0045] FIGS. 9 and 10 correspond to FIGS. 2 and 3 and 
shoW an alternative form of machine Which may in some 
cases be used. in the fuel cell system shoWn in FIG. 8. In 
FIGS. 9 and 10, parts corresponding to those of FIGS. 2 
and 3 have the corresponding reference numerals increased 
by 100. It Will be noted that the large area loW pressure ports 
115 and 117 are adjacent the partition 114 and the small area 
high pressure ports 116 and 118 are at opposite ends of the 
machine. 

1. a plural-screW expander-compressor machine compris 
ing intermeshing ?rst and second helically-pro?led rotors 
mounted for rotation in opposite directions in a housing by 
means of bearings at the opposite ends of the rotors, the 
interior of the housing being divided by a transverse parti 
tion into a compressor portion and an expander portion, the 
rotors extending through the partition and having circularly 
pro?led portions Where they extend through the partition, 
the tWo housing portions each having a higher pressure port 
and a loWer pressure port, the higher pressure ports being 
adjacent the partition and on opposite sides of the rotors. 
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2. A machine according to claim 1, wherein the compres 
sor portions of the rotors have the same pro?le as the 
expander portions thereof. 

3. A machine according to claim 1, Wherein helical lobes 
of the ?rst rotor make sealing contact on both sides With the 
second rotor. 

4. A machine according to claim 1 Wherein the partition 
extends into an annular groove of each rotor. 

5. A refrigeration system comprising an evaporator, a 
cooler or condenser and a machine according to any pre 
ceding claim, the compressor portion being connected to 
deliver refrigerant from the evaporator under increased 
pressure to the cooler or condenser and the expander portion 
being connected to receive refrigerant from the cooler or 
condenser and to deliver it at reduced pressure to the 
evaporator. 

6. Asystem according to claim 5 and including a mechani 
cal poWer connection to drive the machine or take poWer 
therefrom. 

7. (canceled) 
8. Aplural-screW compressor-expander machine compris 

ing intermeshing ?rst and second helically-pro?led rotors 
mounted for rotation in opposite directions in a housing, the 
housing de?ning an expansion chamber and a compressor 
chamber, the rotors extending through both chambers, the 
chambers being separated and each having an inlet and an 
outlet, one of the rotors having a connection for supplying 
or taking off mechanical poWer. 

9. A fuel-cell installation comprising at least one fuel cell, 
a supply of pressurised fuel for the fuel-cell, a plural-screW 
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expander-compressor machine comprising intermeshing 
?rst and second helically-pro?led rotors mounted for rota 
tion in opposite directions in a housing by means of bearings 
at the opposite ends of the rotors, the interior of the housing 
being divided by a transverse partition into a compressor 
portion and an expander portion, the rotors extending 
through the partition and having circularly pro?led portions 
Where they extend through the partition, the tWo housing 
portions each having a higher pressure port and a loWer 
pressure port, the compressor portion of the machine being 
connected to deliver compressed air to the fuel-cell or cells 
and the expander portion of the machine being connected to 
receive pressurised exhaust from the fuel-cell or cells. 

10. A fuel-cell installation comprising at least one fuel 
cell, a plural-screW expander-compressor machine compris 
ing intermeshing ?rst and second helically-pro?led rotors 
mounted for rotation in opposite directions in a housing by 
means of bearings at the opposite ends of the rotors, the 
interior of the housing being divided by a transverse parti 
tion into a compressor portion and an expander portion, the 
rotors extending through the partition and having circularly 
pro?led portions Where they extend through the partition, 
the tWo housing portions each having a higher pressure port 
and a loWer pressure port, the higher pressure ports being 
adjacent the partition and on opposite sides of the rotors, the 
compressor portion of the machine for supplying air under 
pressure to the fuel-cell or cells for expanding exhaust gas 
from the fuel-cell installation. 


