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UNITED STATES PATENT oFFICE 
2435, 38 

coMPOUND INTERNAL-combustroN 
TURBNEAN 

Fritz Albert Max Beppner, Learnington Spa, Eng 
land, assignor to Armstrong Siddeley Motors 
Limited, Coventry, England 

Application January 6, 1944, Serial No. 51,272 
In Great Britain January 15, 1943 

3 Claims. (C. 230-122) 

This invention relates to a compound, internal 
combustion, turbine plant having a contra-rotat 
ing shell from which useful work is taken, and 
particularly to such a plant for jet-propulsion 
purposes, the contra-rotating shell carrying ex 
ternally jet-augmenter blades. 
The Specification of my co-pending patent ap 

plication Serial No. 500,694, filed August 31, 1943, 
now matured into Patent No. 2,426,098, of Au 
gust 19, 1947, discloses such a compound plant 
in which useful work is taken out between ad 
jacent turbine sections, so that the pressure at 
the end of a compressor section is substantially 
equal to that at the beginning of the associated 
turbine Section, whereby I avoid sealing problems, 
particularly at large diameters. 

In the specification of my co-pending patent 
application Serial No. 500,695, filed August 31, 
1943, now abandoned, the contra-rotating turbine 
shell coacts with independent turbine sections 
respectively coupled to compressor sections, and 
useful Work is taken out of the gases and trans 
mitted to the shell between most or all of the 
turbine sections, the shell being driven relatively slowly. 

For perfect pressure balance between the tur 
bine and compressor sections the speed should 
be uniform, i. e., all the sections should rotate 
at the same rotatable speed if the blade efi 
ciency is constant throughout, but this raises 
difficulties in the design of the compressor, and 
regulation is entirely unsatisfactory. 

It is my main object to avoid these disad 
Wantages. 
A further object is to design the shell to run 

more slowly than it would on the reaction of the 
compressor only, as in my applications above 
mentioned. 

For an understanding of these and other 
objects and advantages of the invention atten 
tion should be directed to the following descrip 
tion in which reference is made to the accord 
panying diagrammatic drawings in which 

Figure i is a graph of the operation of a Con 
pound turbine according to the specification first 
aforesaid and Figure ic of a turbine according to 
the invention 

Figure 2 is a part-sectional elevation of a 
turbine according to the invention; 

Figures 3 to 5 are views mainly of one of the 
independent turbine and compressor stages, Fig 
ure 3 being a perspective view of the shell with 
the augmenter blades omitted and with one in 
dependent turbine and compressor stage shown 
withdrawn, whilst Figure 4 is an axial view there 
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2 
of and Figure 5 a fragmentary developed plan 
of the independent stage; 

Figure 6 shows a temperature-entropy diagram 
of the turbine in design conditions, and Figure 
6a in regulation conditions; 

Figures and a show corresponding pres 
sure-volume diagrams; and 

Fig. 8 is a diagrammatic illustration of the 
structure and arrangement of the turbine blad 
ing of Fig. 2. 
According to one feature of my invention, a 

compound internal-combustion turbine plant 
comprises a number of independent compound 
rotors each carrying compressor and turbine 
blades, the latter coacting with blades on 8 
contra-rotating shell, the compressor olades co 
acting with stationary compressor blades, and 
useful work is taken out of the contra-rotating 
shell between the various rotors, and additional 
useful work is taken out at the high-pressure 
end by reaction on stationary blades, the various 
rotors having higher rotational speeds as the 
volume decreases to achieve practically constant 
incidence of the whole blading under regula 
tion and starting conditions. 

It may here be stated that if the shell were 
not driven against the said other stationary blades 
the speed with which the shell would rotate would 
be determined by the compressor torque and the 
total amount of available useful work, because, 
if a certain compressor torque a is available and 
a certain amount b of useful work is available, 

... the useful work can only be extracted if a X72XK 

35 
equals b, where 72 is the speed and K is a cone 
stant. Therefore, 

--- 7-K 
if the shell is to be driven more slowly (i. e., 

4 according to the invention) additional torque 

45 

must be provided, whence 

--- 
(a+al)K N 

where at is the additional turbine torque. 
Thus, the additional torque necessary to drive 

the shell may be provided by arranging for the 
gases from the combustion chamber to pass at 
high speed through stationary nozzles to the first 

50 row or rows (which is or are on the shell) of 

55 

turbine blades, these blades being partly or wholly 
of the impulse type, whilst the next two rows of 
turbine blades (at least) are of the reaction type, 
the final rows (which are not on the shell) being 
independently rotatable with their associated 



w 3 
compressor rows and being aerofoil blades-i. e., 
well-spaced blades. 
The result is that the turbine operates with 

optimum efficiency, inasmuch as losses at the 
high-pressure end are to a great extent regained 
in the low-pressure end of the turbine, which 
latter end is very efficient. 

Referring now to the drawings, the graph of 
Figure 1 is of a turbine plant according to the 
specification first aforesaid, and that of Figure 
1a of the plant shown in Figure 2. The ver 
tical lines A represent independent turbine and 
compressor sections, the ordinates P representing 
pressure. The areas enclosed by the lines B, C 
represent unavoidable pressure-difference, the 
line B being for the compressor and the line C 
for the turbine in both graphs. With the ar 
rangement of the invention the resultant area 
enclosed between the lines C and B is very much 
reduced, it will be observed. 

Referring now to Figures 2 to 5, the plant ill 
lustrated is one in which the turbine is dis 
posed radially outwardly of the compressor 2, 
the flow through the latter being from the top 
to the bottom. The compressor comprises sta 
tionary blade rows 3, 3 and rotary rows 4, 8, 
the latter rows being fast with independent tur 
bine rows 5, f 5. The first independent turbine 
row 5d is mounted to revolve with a sleeve 6 
carrying a plurality of compressor rows a co 
acting with stationary compressor rows 3a. 
The burning gases are led from the tubular 

Inenbers 8 to a stationary row of blades 9 
forming nozzles through which the gases pass 
at high speed to the first row 29 of turbine blades 
mounted on the shell 2, these blades being partly 
or wholly of the impulse type. (The shell car 
ries external augmenter blades 22 coacting with 
stationary augmenter blades 23.) The row of 
turbine blades 5a fast on the sleeve 6 rotates 
at high speed to drive the final highest pressure 
portion of the compressor, this row and the next 
row 24 (on the shell:) being of the reaction type. 
The final independent rows S and coacting rows 
25 on the shell are all of the aerofoil type. The 
arrangement and characteristics of the blades 
9, 20, 5a, 24 and 5 are indicated diagram 

matically in Fig. 8. 
As will be seen from Figures 3, 4 and 5, the 

blades 5 are spaced from one another sufficiently 
to allow of assembly into the shell through the 
larger (upper) end thereof, the blades passing 
between the blades 25 fast with the shell. Figure 
5 shows at 4b some of the compressor blades 
strengthened to carry the centrifugal forces. 

Conveniently the shell 2 is mainly of alu 
minium, the blades 25 being riveted to sheet 
metal, arcuate portions 27 having end clearance 
from one another when cold, as indicated at 28 
(Figure 4), the portions 27 being riveted at 29 
to aluminium ribs 30. With heat insulating na 
terial 3 interposed. Alternatively, the Sheil can 
be made from steel in one piece with the turbine 
blades 25 permanently fixed in it, this being poS 
sible by the new way of assembly as a consequence 
of the wide spacing of the turbine blades. This 
feature also allows of assembling and dismantling 
the shell without interfering with the balance, 
which is a very important point because of the 
relatively-great Weight of the shell. 
At 33 I show a drive shaft, for auxiliaries, paSS 

ing through the hollow feed nozzle 34, the drive 
shaft carrying a gear 35 which is driven from 
the compressor sleeve 6 through a compound 
pinion 36 and gear 3. 
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As previously stated, perfect pressure balance 
asks for equai revolutionary speeds of all the 
compound members, but this interferes with reg 
ulation, i. e., operation at a reduced fuel supply, 
and it also interferes with constant Mach num 
ber on the compressor, because the rotational 
Speed remains constant but the Mach number 
goes up with temperature. Furthermore, as the 
volume decreases higher revolutionary speeds 
and smaller dimensions are required to keep the 
wheels at their optimum proportions. The op 
timum compressor shows constant Mach num 
ber to reduce the number of stages. The replace 
ment of a great number of counter-rotating discs 
by one shell gives the mechanical mechanism an 
aerodynamic rigidity, which must be made flex 
ible to make the incidence constant on the blades 
in regulation conditions. This is done, according 
to the invention, by thermodynamic means, tak 
ing out a certain amount of useful work at the 
high pressure end of the counter-rotating shell 
against stationary turbine blades so that the high 
pressure compressor part is driven at a turbine 
pressure which is a certain amount lower than 
the corresponding compressor pressure. Then, 
in regulation conditions, the available work for 
driving the high pressure compressor becomes 
smaller because the diagram (see Figures 6d and 
7a) must read as though the lines of constant 
pressure become more closely spaced towards the 
low pressure region. Therefore overspeeding of 
the high pressure part at partial loads is avoided, 
and the incidence on all the blades (turbine as 
well as compressor) can be kept practically con 
stant throughout the whole range of regulation. 
Additional practical advantages are 
(i) Constant Mach number in compressor. 
(2) High temperature of turbine on slowly 

running small-diameter sheil part running under 
OW StreSSeS. 
Referring to Figure 6, or Figure 6a, AB repre 

sents the rise in temperature in the compressor, 
assuming a diabatic compression, and CD the 
temperature drop in the turbine on the assump 
tion of adiabatic expansion, Whilst BC is a Con 
stant pressure line representing the heat taken in 
during combustion. AT and AT6, on the line AB, 
represent equal temperature rises (i. e., equal in 
crements of heat) in the first six compreSSOr 
sections, and AT1 the temperature rise in the 
last (highest-pressure) section-assuming Seven 
sections altogether, while AT to AT on the line 
CD are the corresponding temperature drops for 
the turbine. The “useful work removed' at X 
represents the energy bleed against the stationary 
blades 9, i. e., the work done on the first shell 
blades 20. The dotted lines are constant pres 
sure lines which are, however, given a "droop' 
adjacent the line CD pictorially to represent the 
modification introduced by the invention. In a 
similar way the dotted lines in Figures 7 and a 
are intended pictorially to indicate the alteration, 
due to the invention, in the P/W diagrams. 
With regard to Figures 6 and 6a, consider the 

line B6-C6. The corresponding line B4-C4 in 
Figure 2 of my application aforesaid No. 500,694 
is purely a constant-pressure line. In the pres 
ent instance, however, the shell speed is lower. 
Therefore the amount of useful energy actually 
taken out between the first two compound discs 
14a and 14y (see Figure 2) is less than that cor 
responding to the thermodynamic efficiency of 
that section of the engine. This accounts for 
the "droop' in the line B6-C6. For the same 
reason there is a "droop' in the line B5-C5 
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which is greater than that in B-C, the cor 
responding compound discs being those marked 
4y and 42. And so on. In other Words, the 

turbine portion of a compound section works at 
a lower pressure than the corresponding corn 
pressor portion. In consequence, in regulating 
down, i.e., at reduced fuel, the available work of 
the turbine portion decreases more quickly than 
would be the case if these "droops' did not exist, 
thus avoiding over-speeding of the highest 
pressure portion of the compressor. I further 
effect a transfer of energy to turbine portions 
connected to low-pressure parts of the compres 
sor which otherwise would be driven too slowly 
and would have negative incidence, giving low 
efficiency. When regulating down the speed fall 
in the lowest-pressure sections is greater than in 
the highest-pressure sections, as appears from a 
comparison of Figures 6 and 6a. The loss of 
work represented by these "droops' is made up 
for by the energy bleedK. 

It will be understood that if one took the extra 
workX (Figures 6 and 6a) out at the low-pressure 
end instead of at the high-pressure end, instead . 
of "droops' one would have "rises," and regula 
tion effects would be opposite to those described, 
i. e., would be impossible. 

incidentally, the combined "droop' and "rise' 
shown in the line A-D is accounted for by the 
exhaust of the engine reacting against the dif 
fuserblades. 

Finally, it may be added that the term "Mach 
number" is here used in its ordinary significance, 
to denote, at a given temperature, the ratio of 
the speed of air (relatively to a blade) to the 
speed of sound. There may, of course, be dif 
ferent Mach numbers, for a given temperature, 
for the leading and trailing edges of a blade. 
What I claim as my invention and desire to 

secure by Letters Patent of the United States is: 
1. A compound internal-combustion turbine 

plant including a plurality of independent con 
pound rotors each rotating in the same direction 
and carrying compressor and turbine blades, a 
shell rotating in the opposite direction to said 
rotors and carrying turbine blades coacting with 
said first-named turbine blades, said shell taking 
out useful work between said rotors, stationary 
compressor blades coacting with said first-named 
compressor blades, and stationary blades at the 50 
high-pressure end of the turbine blades, the ad 
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6 
jacent turbine blades carried by the shell coacting 
with said stationary blades to take out additional 
useful work at the high pressure end of the tur 
bine, said blades being so constructed and ar 
ranged that the rotors have higher rotational 
speeds as the volume of gases decreases. 

2. A compound internal-combustion turbine 
plant according to claim 1 wherein the stationary 
blades are stationary nozzles cooperating with the 
first row of turbine blades on the shell at the 
high-pressure end of the turbine and through 
which the combustion gases pass at high speed 
to said blades to provide additional torque for 
driving the shell, said blades being at least in 
part of the impulse type, at least two of the next 
succeeding rows of turbine blades being of the 
reaction type, and the remaining rows of turbine 
blades on the rotors being aerofoil blades. 

3. A compound internal-combustion turbine 
plant including a plurality of independent COm 
pound rotors rotating in the same direction and 
carrying compressor and turbine blades, station 
ary compressor blades coacting with said first 
named compressor blades, an output member in 
the form of a shell rotating in the opposite direc 
tion to said rotors and carrying rows of turbine 
blades coacting with said first-named turbine 
blades, the rotors having higher rotational speeds 
as the volume of gases decreases, at least part 
of the highest pressure turbine blades on the shell 
being of the impulse type, and stationary nozzles 
coacting with said highest pressure turbine blades 
and directing the hot gases to said blades at 
high speed, the aext succeeding row of turbine 
blades after said highest pressure blades being 
mounted on the highest pressure rotor and being 
of the reaction type, and the next succeeding 
row of turbine blades being also of the reaction 
type and being fast with said shell and with a 
row of compressor blades. 

RTZ ALBERT MAX HEPPN.E.R. 
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