
2,459,709 A. YSHOLM 
GAS TURBINE SYSTEM 

Jan. 18, 1949. 

3. Sheets-Sheet l 

EMBODYING ROTARY POSITIVE 
DISPLACEMENT COMPRESSOR APPARATUS Original Filled March 28, 1936 

24 
-42, ATTORNEY. 

BY 

  



2,459,709 A. LYSHOLM 
GAS TURBINE SYSTEM 

Jan. 18, 1949. 

NVENTOR. 

2. 

3. Sheets-Sheet 2 

ATTORNEY. 

EMBODYING ROTARY POSITIVE 

BY 

COMPRESSOR APPARATUS DISPLACEMENT 
1936 Original Filled March 28 

  



Jan. 18, 1949. A. LYSHOLM 2,459,709 
GAS TURBINE SYSTEM EMBODYING ROTARY POSITIVE 

DISPLACEMENT COMPRESSOR APPARATUS 
Original Filed March 28, l936 3. Sheets-Sheet 3 

N O XSS % Nizzar 
PN 

Y S%S /92 

N TO 

BY 1.6%, Attorney 

    

    

    

  

  

  

  

  

  



Patented Jan. 18, 1949 

2,459,709 
GAS TURBINE SYSTEM EMBODYNG RO 
TARY POSITIVE DISPLACEMENT COM 
PRESSOR: A PPARATUS 

Alf Lysholm, Stockholm, Sweden, assignor, by 

2,459,709 
UNITED STATES PATENT office 

mesne assignments, to Jarvis C. Marble, eslie 
M. Merrill, and Percy H. Batten, as trustees 

Original application March 28, 1936, Serial No. 
71,363, now Patent No. 2,358,815, dated Septem 
ber 26, 1944. Divided and this application 
August 25, 1943, Serial No. 500,010 

In Sweden March 28, 1935 
Claims. 

1 
This application is a division of my copending 

application Serial No. 71,363 filed March 28, 1936, 
now Patent No. 2,358,815. 
The present invention relates to gas turbine 

systems embodying rotary positive displacement 
compressor apparatus and has particular refer 
ence to such systems of the continuous combus 
tion type in which the compressor apparatus is 
of the screw wheel or worm kind. 

In the case of a gas turbine plant where the 
compressor is driven by a turbine which is me 
chanically independent of the turbine producing 
power for external use, the compressor capacity 
may be controlled within wide limits by changing 
the speed of operation of the compressor inde 
pendently of the speed of operation of the use 

(C. 290-2) 
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ful power turbine, the latter, particularly in 
cases where it is employed to drive an electric 
generator, being usually operated at constant 
speed. This kind of compressor control is how 
ever not possible if the compressor is driven by 
or mechanically connected to the useful power 
turbine, and if the useful power turbine cannot 
be operated at variable speed because of the 
character of the power output therefrom. In 
the latter instance, the quantity of air delivered 
by the compressor can be controlled by throttling 
to compensate for varying loads. This kind of 
control is however undesirable because it intro 
duces into the system unavoidable throttling 
losses. It has also been proposed heretofore to 
admit suction air to different stages of rotary 
compressors in a manner such that the suction 
air is admitted to a pressure stage higher than 
the normal low pressure stage when the load on 
the plant, and consequently the required output 
from the compressor, is reduced. . With this 
method also, the efficiency of the compressor 
drops materially from its normal efficiency when 
the compressor is operated under loads mate 
rially different from the normal load for which 
the compressor is designed. Control of the com 
pressor apparatus in Order to take care of Ward 
able loads has also been suggested, in which the 
work of compression is divided up among a num 
ber of independently operable compressors, one 
or more of which may be disconnected, depend 
ing upon the amount of change in the load in 
posed on the system. This last-mentioned meth 
od of control is effective only to a certain extent, 
since by changing the number of compressors 
in operation it is possible to effect only a very 
coarse control of the quantity or pressure of the 
air delivered and in order to obtain the requisite 
nicety of control, resort must be had in addition 
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2 
to throttling, which involves the introduction of 
the undesirable and unavoidable throttling 
losses. 
Amongst the major objects of the present in 

vention are: to provide improved compressor ap 
paratus capable of operating with acceptable ef 
ficiency over a wide load range while at the 
Sane time operating at constant speed or with 
variations in speed which are relatively minor 
as compared with the degree of variation of the 
load; to provide improved compressor apparatus 
of the screw type in which variable output may 
be obtained at constant speed of operation with. 
out involving undue losses; to provide improved 
Screw compressor apparatus in which variations 
in capacity of the apparatus are obtained at 
constant speed by means of novel bleeding ar 
rangements which permit a desired quantity of 
air to be bled from the compression spaces of 
the compressor before compression commences; 
and to provide improved gas turbine system ap 
paratus of the continuous combustion type em 
bodying compressor apparatus and controls 
therefor enabling the system to be operated ef 
ficiently at variable load and with constant or 
substantially constant speed of operation of the 
compressor apparatus constituting a part of the 
System. 

For a better understanding of the nature of the 
present invention and the advantages to be de 
rived from its use, reference may best be had to 
the ensuing portion of this specification in which 
is described several embodiments of apparatus for 
carrying the invention into effect and to the ac 
companying drawings forming a part hereof, in 
which such embodiments are illustrated. 

In the drawings: 
Fig. 1 shows more or or less diagrammatically 

in longitudinal cross section a gas turbine system 
of the continuous combustion type comprising 
apparatus embodying the invention; 

Fig. 2 is a section similar to Fig. 1 showing an 
other arrangement of apparatus embodying the 
invention; 

Fig. 3 is a transverse section through com 
pressor apparatus having hand operated bleeding 
means embodying the invention; 

Fig. 4 is a longitudinal section partly in eleva 
tion of another form of compressor apparatus 
embodying the invention, the section being taken 
on the line 4-4 of Fig. 5; 

Fig. 5 is a section taken on the line - of Fig. 
4; 

Fig. 6 is a plan view of the compressor shown 
in rig. 4 
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Fig. 7 is a view similar to Fig. 6 but with a por 
tion of the compressor casing broken away and in 
section on the line 7-7 of Fig. 5; and 

Fig. 8 is a fragmentary section similar to Fig. 
5 of a modification of the compressor apparatus 
shown in Figs, 4 to 7. 

Referring now more particularly to Fig. 1, 6 
designates generally a double rotation radial flow 
gas turbine of known kind having shafts 2 and 
4 upon which are mounted the armatures of 

electric generators 6 and 8. The turbine and 
generators are mounted in a common frame or 
casing 20 having bearings 22, 24, 26 and 28. 
Shaft 2 is arranged to drive a compressor 30 
and shaft 4 drives a compressor 32. 
Compressor 30 is of the screw type and, in 

the embodiment illustrated, comprises two rotors 
34 and 36 mounted in suitable bearings in hous 
ing 38. The rotors are preferably "space 
packed.' That is, clearance is provided between 
the rotors and the walls of the casing and be 
tween the intermeshing portions of the rotors. 
The rotor construction may advantageously be 
in accordance with the principles disclosed in 
my co-pending application, Serial No. 44,935, 
filed October 14, 1935, now Patent No. 2,243,874. 
Because of the utilization of space packing, the 
rotors may be operated at the very high speed 
resulting from direct connection of the rotors 
to the turbine. This connection is made 
through the coupling 40 connecting shaft 2 
with the shaft part 42 of rotor 34. The gear 44, 
fixed on the rotor shaft 42 meshes with gear. 46 
fixed to the shaft part 48 of the rotor 36 and 
provides drive for the latter rotor and maintains 
the peripherally spaced relation of the inter 
meshing parts of the two rotors. Rotor 3G is 
provided with a pressure equalizing piston 50 for 
equalizing axial pressure. If the shaft 2 of the 
turbine is assumed to rotate clockwise when 
viewed from the left, air which is drawn in 
through the inlet openings 52 and 54 is Com 
pressed between the lobes of the rotors forming 
working spaces the volumes of which diminish 
towards the right hand side of the compressor. 
The compressed air enters the outlet 56 on that 
side of the compressor which lies in front of the 
plane of the drawing and which may be termed 
the pressure side of the compressor as distin 
guished from the suction side located behind 
the plane of the drawing. In Order to prevent, 
direct communication between the inlet and the 
outlet of the compressor, the end surfaces at the 
right of the rotors are partly closed by an end 
wall member 49 which on its front side is pro 
vided with an opening 5 for the flow there 
through of the compressed air. The compressor 
casing 38 is provided with a lateral opening 58 
providing a cylinder for a valve member such as 
the plunger 60, which when it is in the position 
indicated in the figure closes the opening 58: An 
annular space 62 communicating with an outlet 
64 provides communication between the interior 
of the compressor casing and the atmosphere 
when the valve member 60 moves outwardly be 
yond the space 62. It will thus be evident that 
the Opening afforded at 64, which may conven 
iently be termed a bleeder opening, may be 

if the bleeder valve is opened, compression 
in such spaces will commence only after the 
time when the thread or lobe limiting the 

0. 

posterior boundary of the compression space 
has passed the bleeder opening. This will be at 
a time subsequent to the normal commencement 
of compression with the bleeder valve closed. 
As indicated in the drawing, it is advanta 

geous to have the bleeder valve extend, in its 
closed position, inwardly so that the inner end 
of the valve is flush with the inner surface of 
the casing and preferably the inner face of the 
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valve is made to conform to the curvature of the 
Casing. The reason for this is to avoid any large 
leakage space at this point, through which the 
air being compressed in one compression space 
may leak past the posterior limiting liche, to the 
next succeeding space on the other side of such 
lobe. 
The bleeder valve member 60 is provided with 

a-stem 66 forming the armature of a solenoid 68 
and is also encircled by a spring 70 located be 
tween the housing and an abutment plate 72. 
Spring 70 tends to move the valve member to 
open position and this tendency is opposed by 
the action of the solenoid winding, which when 
fully energized has sufficient strength to over 
come the action of the spring and maintain the 
valve member in the closed position shown in the 
drawing. Solenoid 68 is energized by current 
supplied through wires 74 and 6 from the gen 
erator mains indicated generally at 78. 
The outlet 56 of the compressor 30 is con 

nected by means of conduit 80 to a combustion 
chamber 82 having a combustion space 84 sur 
rounded by a jacket 86. Fuel such for example 
as oil is supplied by a pump, such as that in 
dicated at 88, to the burner nozzles indicated 
at 90 and 92. A governor 94 operated from the 
shaft 4t actuates a fuel control member 96 to 
Control the amount of fuel fed to the combustion 
chamber under different conditions of load. A 
pressure relief valve 9, connected to the dis 
charge pipe of the pump 88 permits return of 
fuel oil to the supply pipe of the pump through. 
the return pipe 93 when the control member 96 
throttles or closes the passage of flow. The 
fuel control apparatus per se forms no part of 
the present invention and is diagrammatically 
illustrated. Any suitable apparatus for control 
ling the amount of fuel in response to variations 
in the load on the system may be employed. 
The compressor 32, which is shown with its 

suction side in front of the plane of the drawing, 
55 

60 

65 

brought into full or partial communication with 
the interior of the compressor, depending upon 
the position of the valve member 60. 
The compression spaces formed in the com 

pressor will be in communication with the 
bleeder opening at the moment when normal 
COmpression in Such spaces commences and 

is connected by means of coupling 98 to shaft & 
and is similar in construction to the compressor 
30 previously described and need not be described 
in detail. Compressor 32 has air inlet openings 
at 0 and 02 and is provided with a bleeder 
valve to urged toward open position by spring 
06 and closed by the solenoid O8, the latter 

being energized by current derived through wires 
f0 and f2 connected into the electrical system 
8. The outlet 4 of compressor 32 is connected 
by means of conduit f 6 to the combustion 
chamber 82. 

Insofar as air flow is concerned, it will be seen 
that compressors 30 and 32 are arranged in par 
allel, both delivering to the outer chamber of the 
combustion apparatus, part of the air entering 
the inner chamber 86 to supply the oxygen nec 
essary for combustion of the fuel and part flow 
ing through the jacket space around the inner 
chamber. Motive fluid consisting of the con 
bustion gases from the inner chamber and the 
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Jacketing air is conducted through the twin pipes 
8 and 20 to the turbine O for expansion in 

the turbine. 
As indicated, the generators B and 8 feed 

into a common electrical system and, as is usual 
in cases of this kind, operate Synchronously. 
With normal load on the System, the requisite 
antity of fel is pumped to the combustion 

chamber and with the motive fluid generated 
therein by combustion of the fuel with the air 
compressed in the compressors, the turbine genera 
ates the power required to operate the gener 
ators and also the power required to in addition 
drive the compressors. Under such normal load 
conditions, the bleeder valves of the two com 
pressors are closed and the Compressors operate 
under what may be termed full load compression. 
When the load on the plant changes, the fuel 

Supply is governed so that an increased quan 
tity of fuel is supplied upon increased load and 
a reduced quantity of fuel is Supplied with de 
treasing load. Assuming constant Ornal ful 
load, the quantity of air delivered by the com 
Pressor remains constant. Upon decrease in load, 
the closing effect exerted by the solenoids which 
hold the bleeder valves closed is decreased and 
these valves will open to an extent governed by 
the degree of the reduction in the load, so as to 
Open nore or less the bleeder Openings, Con 
Sny, the greater the decrease in load on 
plant, the greater will be the quantity of air which 
is discharged through the bleeder Openings and 
the Smaller will be the Quantity of air which is 

Pessed the compressors to the final re. 
Se for delivery to the combustion chamber. 
When the bleeder valves are Opened, the final 
Presse of the compressed air as well as the 
Sntity of air compressed per unit of time 
be reduced, because the ratio of the volume of 
the compression spaces at the Connencement of 
the compression period to the volume thereof at 
the end of the compression period is constant. 
If a constant final pressure is desired regardless 
of variations in load or if the final Pressure is 
desired to be varied with variations in load in a 
manner other than that effected with this ap 
paratus, this may be accomplished by means to 
be hereinafter described and adapted to vary the 
ratio of compression space volune at the com 
necennent and end of the compression periods, 
The bleeder valve control need not necessarily 

be made dependent upon the electrical load on 
the plent but may be controlled by any other 
Sitble factor which changes with and is in 
dicative of changes in the value of the load. 

pressor 2. The latter has an outlet 4 con 
nected by conduit 42 to a combustion chamber 
87 similar in Construction to that described in 
gonnection with Fig. 1. A governed fuel supply 
from pump 8 is supplied to the burner nozzles 
90 and 92 as previously described. Motive fluid 
formed in the combustion chamber from the fuel 
which is burned with the air supplied from the 
Compressors is expanded in the turbine to pro 
duce the power required for driving the generator 
and the compressors. 
The low pressure compressor 2 is provided 

with a bleeder opening 64 and a bleeder valve 

40 

An example of such other control is illustrated 
in the plant shown in Fig. 2. In this embodiment, 
the gasturbine Oa is indicated as being of the 
axial flow type connected for direct drive of a 
generator 22 which delivers the power Output of 
the System. Turbine Oa also drives directly a 
compressor 24 similar in type to the compressors 
previously described except for the omission of 
the bleeder valve arrangement shown on the 
compressor illustrated in Fig. 1. Compressor 24 
is a high pressure compressor and is connected 
by means of a hydraulic coupling 2 of known 
construction to a low pressure compressor 12 
which is also of the same screw type as that 
previously described. Both compressors are 
viewed from the pressure side. Compressor 28 
draws in low pressure air through inlet openings 

0 and 2 and has an outlet 34 connected by 
means of conduit to the inlet of cone 

controlling this opening, the construction being 
similar to that previously described with refer 
ence to Fig.1. In this instance, however, the con 
trol of the bleeder valve is different from that 
previously described. In this embodiment the 
stem 66 of the bleeder valve is provided with a 
piston Working with a tight fit in cylinder 
and acted on by a spring 70 tending to move the 
piston and bleeder valve to a position in which 
the bleeder passage is opened. The upper side 
of piston 5 is placed in communication with the 
compressed air conduit 42 by means of the 
pipe . '' 
The hydraulic coupling 26 is placed in com 

munication with a governor indicated generally 
at f6 by means of a pipe 48, The governor 
Comprises two plungers 50 and 52 connected 
to each other and working in a cylinder 54. A 
piston 56 is rigidly connected to the plungers 
50 and 52 and works in a cylinders. A 

Spring 60 acts on one side of piston B while 
the other side of the piston is exposed to the 
pressure existing-in conduit 42 and pipe 44 by 
neans of the connection 2. Pipes is and 
66 connect the interior of the governor with 
a liquid supply vessel 68. The vessel 6 is 
located at a lower level than that of the hy 
draulic coupling so that the working liquid may 
under certain conditions of operation flow by 
gravity from the coupling to the supply vessel. 
A gear pump TO is located in the pipe B4, 
the Suction side being connected to the supply 
vessel and the discharge side to the governor. 
The pump feeds working liquid in the direction 
of the arrow 72. A pressure relief valve 74, 
on the discharge side of pump 70, permits re 
turn of working liquid from the pump to the 
Supply vessel through the return pipe B when 
the discharge end of pipe 64 is closed by the 
governor, 
Operation of the system is as follows. Jinder 

full load operating conditions, the bleeder valve 
60 is closed, as shown in the drawing, the strength 
of Spring being such that the spring is com 
pressed by application of normal full load air 
pressure to the upper side of piston 35, Giov 
ernor 6, under the assumed full load condi 
tion, is as shown in the drawing, with the pipes 
6 and 48 connected and with the inlet end 

of pipe 66 closed. The working chamber of 
the hydraulic coupling is filled with working 
fluid and the two compressors are connected so 
that both are operated by the turbine. If it is 
now assumed that the load on the generator is 
reduced, the fuel supply is correspondingly 
reduced through the action of the governor and 

70 

s 

associated control mechanism. This results in 
a reduction of the temperature of the motive 
fluid as supplied to the turbine because of the 
proportionately lower amount of fuel as com 
pared with air supplied to the combustion cham 
ber. The reduced temperature of the motive 
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fluid results in a reduction in the pressure pre 
vailing in the combustion chamber and in the 
pipe 42 communicating therewith. This will be 
easily understood from the following calculation. 
The quantity of motive fluid flowing through a 
turbine can be expressed by the equation: 

F-KVE y 
where F is the flow of motive fluid in pounds per 0 
unit of time, P the initial absolute pressure of 
the notive fluid in pounds per square inch, 
the specific volume of the motive fluid at the 
pressure P, and K a constant. The value of ) 
may be derived from the well-known thermo 
dynamic cquation P=BT, in which T is the 

s 

absolut3 temperature and B a constant. Sub- . 
stituting the value of ) in the first equation, 

i-K- WBT WT 
At the first moments after reduction of the fuel 
supply, the amount of motive fluid flowing 
through the turbine is approximately the same as 
before, the reduction in quantity due to the de 
creased fuel supply being of negligible order as 
compared with the quantity of air delivered by the 
compressor. Thus, if P and T represent initial 
pressure and initial temperature respectively at 
normal load, and P1 and T1 represent initial pres 
sure and initial temperature respectively shortly 
upon reduction of the fuel supply, 

- K. P. K. P. ... P. T. F-Kin-Kii, Or P=PWT 
For instance, if at normal full load P=80 
pounds per square inch, T-1800 degrees F. 
absolute, and if the temperature due to the 
reduced fuel Supply is decreased to T1-600, 
the pressure in the combustion chamber and in 
the pipe 42 will immediately be reduced to 

Ps: 80 WS-75.4 pounds per square inch 
Due to this reduction in the pressure the bleeder 
valve 60 commences to open under the influence 
of spring 70. This opening or partial Opening 
of the bleeder valve 60 permits air to flow to a 
greater or lesser extent through the bleeder 
opening 64 to atmosphere. Thus, a reduced 
quantity of air, corresponding to the reduced 
load and the reduced fuel supply, will be com 
presser and Supplied to the combustion cham 
ber. Reduction of the quantity of air compressed 
will tend to bring the temperature of the motive 
fluid back to about normal value, the quantity 
of motive fluid produced per unit of time now 
being reduced as compared with full load cons 
ditions and the pressure of the motive fluid being 
reduced also because of the reduced pressure at 
which the air is finally delivered from the com 
pressor System because of the bleeding of Some 
of the air, it will be seen that for every Value 
of part load, there is a definite position of the 
bleeder valve 60 and consequently for each value 
of part load, there is a definite quantity of air 
discharged from the bleeder opening. 
As the load on the system falls below the normal 

load value and as a consequence the pressure in 
conduit 42 is reduced, the pressure acting on 
piston 56 of the governor will also be reduced. 
This piston then commences to move toward the 
right, as viewed in the figure, under the influence 
of spring 60 and this movement is transmitted 

20 
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8. 
to the right from the position shown in the 
figure will have no effect on the hydraulic 
coupling but after the load and the pressure of 
the motive fluid have fallen below a predeter 
mined value of part load, for example, idling 
load, the plunger 50 will close the outlet of pipe 
64 and simultaneously the plunger 52 will 
open the inlet of pipe 66. Movement of the 
governor to this position closes the connection 
between pump 70 and the coupling, which is 
instead connected through pipes 48 and S6 to 
the Supply vessel f68 to which the working fluid in 
the coupling will flow by gravity, in the direc 
tion indicated by the arrow 8. Draining of 
the working fluid from the hydraulic coupling 
renders this coupling in Operative and the come 
pressor 28 ceases to operate. At this time a 
spring loaded check valve 80 in the air conduit 
36 connecting the two compressors is opened 
by the suction created by the compressor 2 
and air is now compressed only in this come 
pressor. 

If the load increases from the value at which 
compressor S28 is rendered inoperative, the ac 
companying increase in the amount of fuel sup 
plied will result in rising temperature and pres 
sure of the motive fluid. The increased pressure of 
the motive fluid acting on piston 56 of the gove 
ernor moves the plunger valves of the latter to 
the left and when a predetermined value of load 
is reached, the original connections are estab 
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lished, that is, the pump is again connected with 
the hydraulic coupling and the drain pipe 66 is 
closed. The pump refills the coupling with work 
ing liquid and the low pressure compressor 28 
is brought back into operation. Reestablished op 
eration of the low pressure compressor produces 
pressure in the connecting conduit 36 and as a 
consequence valve 80 closes. With this valve 
closed, the compressors again operate in series. 
Further increase in load causes the bleeder valve 
60 to be brought more and more nearly to closed 
position, progressively cutting down the amount 
of air bled from the low pressure compressor and, 
when normal full load has been reached, the 
parts are again in the position shown in the draw 
ing. 
While automatic control of the bleeder valve or 

valves is advantageously employed, manual con 
trol may be resorted to and in Fig. 3 a manually 
controlled valve is illustrated. In this figure, 
which shows a compressor in transverse section, 
rotors 82 and 84 operate in the direction in 
dicated by arrows 86 and 88 in casing 90. The 

5 casing 90 is provided with a bleeder opening 92 
at the lower end of a cylinder 94 in which the 
bleeder valve 96 of the plunger type operates. 

Bleeder valve f 96 is adapted to seat against the 
Casing in the closed position of the valve shown 
in the figures and is advantageously provided with 
an extension or plug portion 96a, the lower sur 
face of which is curved to form a continuation 
of the cylindrical inner surface of the casing. A 
space 98 surrounding the valve communicates 
with the bleeder Outlet passage 20. A stem 202 
is attached to the valve and is provided with a 
key 202a working in a suitable slot in the yoke 
206 to prevent rotation of the bleeder valve. The 

70 

to the plungers 50 and 52. Initial movement 7 

upper portion of the stem is threaded at 20 
through the hub of a hand wheel 208, the rotation 
of which On the threaded stem acts to lift the 
valve. 

In the position of the apparatus shown, the 
bleeder valve is closed and compression of trapped 
air takes place in the compression space 2 bes 



9 
tween the threads or lobes 22 and 24 of the rotor 
82. Space 20 extends helically toward the suc 

tion side of the compressor to a point where a 
cooperating thread or lobe of the rotor felt pro 
jects into the space so as to progressively reduce 
its volume upon rotation of the rotors in the di 
rections indicated. The succeeding compression 
space 26, looking in the direction of rotation of 
the rotor, is still in communication with the suc 
tion side and remains so until the edge 28 of the 
lobe 22 reaches the left hand limiting edge 220 
of the bleeder opening. At this moment, com 
pression commences in space 26. If the bleeder 
valve 96 is then opened, air may escape through. 
the bleeder opening without its having been ap 
preciably compressed. From the foregoing, it fol 
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lows that, for instance, space 2 to is in communica 
tion with the bleeder valve 96 during the period 
from the instant the edge 23 of the lobe 24 
reaches the left hand limiting edge 220 of the 
bleeder opening to the instant the edge 218 of 
the lobe 22 reaches the right hand limiting edge 
222 of the bleeder openirg, 
Advantageously the bleeder opening 92 is 

shaped so that communication of the compression 

10 
This slide is axially movable as indicated in Fig. 
4, through the medium of a control rod 236 which 
may be either manually operated or operated 
automatically in response to load variations on 
the system in which the compressor is incorpor 
ated, as has already been described in connection 
with Figs, 1 and 2. 
The end of the slide at the inlet end of the 

compressor is preferably provided with curved 
edges 238 and 240 adapted to. abut against cor 
respondingly curved edges 242 and 244 when the 
slide is moved to the right hand end of its travel 
as Seen in the drawings. At the outlet end of 
the compressor, the slide is advantageously pro 
vided with curved edges 246 and 248, these latter 
edges determining the area for radial exhaust 
from the compression spaces and consequently 
affecting the total exhaust area from these spaces 

20 

space with the atmosphere takes place with min 
imum throttling losses. To this end, it is pref 
erable to make the limiting edges 220 and 222 of 
the bleeder opening parallel, or approximately 
parallel, to the helical edge 28 of lobe 212 and 
consequently in the same relation with respect to 
the corresponding edges of the remaining lobes 
of the rotor. With the limiting edges of the 
bleeder Opening parallel to the outer edges of the 
rotor lobes, maximum speed of opening and clos 
ing of the bleeder opening with respect to the 
compression spaces, will be obtained. 

ports. 
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By making the lower surface of the bleeder valve 
curved to conform to the curvature of the inner 
surface of the casing, leakage back from the com 
pression space 20 to the space 2 B is prevented 
when the edge 218 passes the bleeder opening 92 
under full load operating conditions when the 
bleeder valve is closed. 
As previously mentioned, the relation of the 

variation in final compression pressure to the 
variation in the quantity of air compressed at part 
loads can be varied as desired by changing the 
Compression ratio which is affected under differ 
ent conditions of load. 
Apparatus for accomplishing this is shown in 

Figs, 4 to 7. 
Referring now to these figures, the compressor 

comprises a casing 224 in which rotors 22 and 
228 are mounted, these rotors being geared to 
gether as in the compressors previously described 
and being adapted to be driven by means of a 
power input shaft 230. In this embodiment, six 
lobes are shown on one rotor and seven on the 
other in contrast to the three lobes shown for 
example in Fig. 3. It will be understood that the 
number of lobes per rotor may be varied as de 
sired within the scope of the present invention. 
The casing 224 is provided with inlet openings 

22 and 227 and an outlet 229. In this instance, 
it will be observed that the inlet ports in the casing 
provide for both radial and axial admission of air 
to the compression spaces and both radial and 
axial discharge from the compression spaces. 
Casing 224 has a portion 22 which does not, 

follow the contour of the rotors but is spaced 
therefrom and in the space provided between the 
rotors and this portion of the casing. a slide 234 
is provided, the inner surface of which is formed 
to the same radius as the radii of the rotors. 

st 

45 

50 

and the discharge pressure of the compressed air. 
If we now assume the slide to be moved to the 

extreme right hand position with edges 238 and 
240 abutting respectively against edges 242 and 
244, compression will commence at the moment 
intended for normal full load compression. This 
will be at the time when the edges of the rotor 
lobes, which cooperate to form a given compres 
sion space, pass the limiting edges of the inlet 

If it is desired to decrease the quantity of air 
delivered by the compressor, the control member 
or slide 234 is moved to the left from its extreme 
right hand position, to a position such for exam 
ple as that shown in Flg. 7 and this movement 
opens up passages 254 and 258 between the end 
edges 238 and 240 of the slide and the respectively 
cooperating casing edges 242 and 244. It will be 
evident that with the slide moved to this posi 
tion, commencement of compression in any given -. 
compression space will be delayed until the edges 
of the lobes defining the posterior boundary of 
such space pass beneath the slide edges 238 and 
240, . 

If for the moment we disregard the effect on 
the outlet opening of the movement of the slide 
to the left from its full load position, it will be 
evident that the compression ratio will be altered 
by such movement to the left since the volume 
of the compression space at the moment Compres 
son commences is decreased as compared with 
full load adjustment, while the volume of the 
compression space at the moment when the ex 
haust port opens remains constant. This would 
result in deereased pressure at the moment of 
discharge from the compressor space. 
Obviously however, movement of the control 

slide toward the left to a part load position will 
cause the area of the outlet opening to be de 
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creased and, consequently, as the volume of the 
compression space at the instant compression 
commences is: decreased by movement of the 
slide, the Volume when exhaust occurs is decreased 
and the final compression volume is also de 
creased. It will be evident that the change in 
the relation of the volume of the compression 
Space at the moment when compression com- . 
mences to the volume of the compression space 
at the moment when exhaust or discharge con 
mences can be varied as desired by suitably relat 
ing the contours of the edges of the slide which 
Control the commencement of compression and 
the termination of compression in the various 
positions of the slide. 

Fig. 8 shows a modification of the apparatus 
illustrated in Figs, 4 to 7. The construction is 
similar to that described above except the form 
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of the control member or slide which in this 
instance is in the form of a cylinder 260 the lower 
portion of which is cut off and connected with a 
member 262 the inner surface of which is formed 
to the same radius as the radii of the rotors. 
As in the example previously described, the con 
trol member is axially movable by means of a 
control rod 264. As will be easily understood 
from the drawing, the shape of the control meme 
ber 260 facilitates manufacturing of the appa 
ratus as compared with the shape of the control 
member according to Figs. 4 to 7. 
From the foregoing description, it will be evio 

dent that many specific different forms of struc 
ture may be employed within the scope of the ins 
vention and it is to be understood that the in 
wention embraces all that falls within the Scope 
of the appended clains. 

can: 
1. In a gas turbine system of the continuous 

combustion type, means for compressing air to be 
used as a constituent of motive fluid for expan 
sion in the system comprising a rotary positive 
displacement compressor, means for bleeding the 
compression spaces of said compressor to retard 
the time of commencement of compression in said 
spaces until their volume has been reduced to 
less than their normal maximum volune, and 
means responsive to variations in the load on the 
system for controlling the flow of air through 
said bleeding means. 

2. A system as set forth. in claim i in which 
said compressor is of the type having inter-mesh 
ing screw wheel rotors and in which said bleed 
ing means comprises valve means carried by the 
compressor casing to vent the compressor Spaces 
intermediate the ends of the rotors and novable 
responsive to said control means to delay con 
mencement of compression and to reduce the 
quantity of air compressed in each of said spaces 
by retarding the time of closing of the spaces. 

3. A system as set forth in claim 1 in which 
said bleeding means is responsive to the pressure 
of the air delivered by the air-compressing means 
and is arranged to bleed the air in accordance 
with predetermined drop in load on the system. 

4. A system as set forth in claim in which 

2 
the means for compressing air comprises a plu 
rality of compressors arranged in series and in 
which the bleeding means is associated with the 
low-pressure compressor whereby to control the 
quantity of air compressed in the system. 

5. A system as set forth in claim 1 in which 
the means for compressing air includes a plural 
ity of serially connected compressors with said 
bleeding means associated with the low-pressure 
compressor, coupling means for disconnecting 
the low-pressure compressor and means respon 

20 

sive to variations in load on the System for dis 
connecting the low-pressure compressor when the 
load on the system drops below a predetermined 
valie. 

6. A system as set forth in claim i in which 
the means for compressing air includes a plurality 
of Serially connected compressors with said bleedia 
ing Eneans associated with the OW-pressure con 
pressor, coupling means for disconnecting the 
OW-pressure compressor, and means responsive 
to Variations in load on the System for disconnect 
ing the low-pressure compressor when the load 
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on the System drops below a predetermined Value, 
said last (nentioned means being constructed to 
disconnect said cornpressor only after the load has 
dropped to a value below that at which said bleed 
ing means is effective. 

7. A systern as set forth in claim in which 
Said bleeding means comprises electrically actus 
ated valve means operative in response to the 
electrical load on the system. 

ALF YSHOLM. 
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