
United States Patent 19 3,904,312 
Exley (45) Sept. 9, 1975 

54 RADAL FLOW COMPRESSORS FOREIGN PATENTS OR APPLICATIONS 
(75) Inventor: John T. Exley, Milford, Conn. 419,544 171934 United Kingdom................. 4.5/21 
73 Assignee: Avco Corporation, Stratford, Conn. l, 95,896 7/1965 Germany ............................ 415, 181 

22 Filed: June 12, 1974 Primary Examiner-Henry F. Raduazo 
(21 Appl. No.: 478,481 Attorney, Agent, or Firm-Charles M. Hogan; Irwin P. 

Garfinkle; Edmund S. Lee 

52 U.S. Cl. ................. 415/181; 415/207; 41.5/21 (57) ABSTRACT 
51 Int. Cl.’.................... F04D 21700; FO4D 29/44 - f 
58 Field of Search ........... 415/119, 18 1, 204, 21 1, f radial flow compressor described G which the dif 

415/207 user entrance is uniquely contoured to minimize 
losses attributable to the differences in absolute flow 

(56) References Cited angle of the high velocity ar discharged from the 
compressor impeller, such differences existing across UNITED STATES PATENTS the width of the impeller discharge flow path. The dif 

1,350,927 8/1920 Gomborow......................... 415/19 fuser comprises a plurality of vanes which split the cir 
2,362,514 l l 1944 Warner........ ... 4 5/21 cumferential impeller discharge into discrete, tangen 
2,372,880 4/1945 Browne. ... 41.5/21 tial, diffusion channels. Each vane is wedge shaped 
2,596,646 5, 1952 Buchi....... ... 415/204 and has suction and pressure surfaces on opposite 2,764,944 Of 956 Lawrence ... 4512t 

sides of the leading edge thereof. The leading edge is 2,819,838 i? 1958 Warner.............. ... 4 1572 - 
2,967,O 3 1796 Dallenbach ct al. ... 415, 181 angled, or Swept, relative to the direction of air flow. 
3,184, 152 5/1965 Bourguard............. ... 4 5/81 The suction surface is angled relative to the impeller 
3,333,762 8/1967 Vrana............. ... 4 15/18 axis so that, marginally of the leading edge, it is more 
3.420,435 lf1969 arosz ct al.. ... 45.1207 tangential at the shroud side of the flow path then at 
3,743,436 7 1973 O'Connor....... ... 415, 181 the hub side thereof and an essentially uniform im 
3,771,925 1 1/1973 Friberg ct al... ... 415/18 pingement angle of approximately O is obtained along 
3,778, 186 12f1973 Banolukwalla............ - * the width of the suction surface. 
3,778, 186 12? 973 Bandukwalla............. ... 41.5/81 
3.86 826 lf l975 Dean, Jr. ........................... 4.5/21 5 Claims, 14 Drawing Figures 

A. A 

AAAAAAAAAAAaaaaaaaaaazac f 

  



PATENTED SEP 91975 3, 9 O4, 32 
SEET 1. Of 3 

  



PATENTED SEP 91975 3.9 O4, 32 
  



PATENTED SEP 91975 3,904,312 

SIEET 3 OF 3 

Fic8 Fis 7 Fis 6 
52 56 52 56 52 56 

6O 6O 
xy N 60 

x 58 58 58 

so 56 
Fill Fi |O Fig 

56 52 56 
52 

- 7 
/ A. 64 / 58 58 

5 

  

    

  



3,904,312 
1 

RADAL FLOW COMPRESSORS 

The present invention relates to improvements in ra 
dial flow, fluid compressors and more particularly to 
improved diffusers for such compressors. 
The motivating environment for the present inven 

tion is in the field of gas turbine engines, particularly 
high performance engines as are used in the propulsion 
of aircraft. In such engines, the compressor is an essen 
tial component in pressurizing air, as a preliminary step 
to the generation of a high energy, hot gas stream. Ra 
dial flow compressors, wherein the pressurized air is 
discharged from the compressor impeller in a plane ra 
dial of the impeller axis, are advantageously employed 
in such engines because of their relative simplicity and 
reliability, their compactness, and other characteristics 
recognized by those skilled in the art. 

In passing through the compressor impeller, energy 
is imparted to the air primarily in the form of increased 
velocity. The air velocities attained at the impeller exit 
are too great for practical utilization in supporting 
combustion of fuel in the combustors of such engines. 
In fact, in more advanced engines, these velocities will 
usually be supersonic. 

It is therefore accepted practice to provide a diffuser, 
at the impeller exit, which decellerates the discharge 
air to relatively low velocities and converts a major por 
tion of the velocity energy to static pressure energy. In 
radial flow diffusers, the circumferential, impeller dis 
charge air is split into a plurality of discrete, tangential 
channels in which the flow path area is increased in a 
controlled fashion to reduce flow velocity and obtain a 
static pressure increase with a minimum of energy loss. 
More conventionally, wedge shaped vanes are em 

ployed to define diffuser channels of rectangular cross 
section. The leading edges of the vanes face the impel 
ler exit to split the air flow and are normally parallel to 
the impeller axis. There is, of necessity, a vaneless re 
gion between the leading edges of the vane wedges and 
the impeller exit. It has long been recognized that this 
vaneless region and the splitting of the air into discrete 
flow paths is a major source of energy losses, particu 
larly where flow velocities are supersonic. 
Such losses reduce the overall efficiency of the com 

pressor as well as the engine in which it is incorporated. 
This in turn reduces the efficiency of the propulsion 
system powdered by the engine. This is significant in 
that elatively small increases in engine component ef 
ficiency produce substantial increases in such parame 
ters of the propulsion system as fuel consumption, load 
capacity, weight and others, dependent on the design 
objectives of the system. Thus what might otherwise be 
considered minor advances in connection with an en 
gine component, per se, in the present instance the 
compressor, arc, in fact, of the greatest importance be 
cause their effect is multiplied in useable value in the 
end application of a propulsion system. With this in 
mind, it will be apparent that there is a great incentive 
to improve the efficiency of compressors, which 
incentive has existed for a long period of time. 
Many such improvements have been made and pro 

posed, such as in the number and spacing of the vanes, 
their angularity and the extent of the vaneless region. 
Some of these are to be preferred over others and some 
have particular utility under given operating condi 
tions. So-called pipe diffusers have somewhat recently 
been proposed as being effective in reducing losses in 
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the vaneless region of a diffuser. These diffusers are 
characterized by diffusion channels of circular cross 
section which open into a rounded groove encircling 
the impeller exit. Nonetheless, there still remains room 
for further improvement in the efficiency of radial flow 
compressors and diffusers therefor. 
The primary object of the present invention is to re 

duce the losses and improve the efficiency of radial 
flow compressors and particularly the diffuser compo 
nent or portion thereof. 
A more specific object of the invention is to reduce 

energy losses in the vaneless region of diffusers, for ra 
dial flow compressors, wherein the air is split into dis 
crete flow paths, and particularly to reduce such losses 
where the air discharged from the compressor impeller 
is at super sonic velocities. 
These ends are attained by a unique contour of the 

suction surfaces of the vanes which define the diffusion 
channels. This is the surface defining one side of the 
vane wedge and facing towards the impeller axis. The 
opposite side of the vane wedge faces outwardly of the 
impeller axis and is referenced as the pressure surface. 
Pressure and suction surfaces of adjacent vanes extend 
from the leading edges thereof to the throat section of 
the diffusion channel, 

ln accordance with the present invention, the suction 
surface, marginally of the leading edge, is more tangen 
tial at the shroud side of the impeller discharge than at 
the hub side thereof and preferably oriented so that 
there is a uniform, or approximately uniform, angle of 
incidence, approximating (), of the discharge air on the 
entire width of the suction surface. In this fashion varia 
tions in the absolute flow angle of the impeller dis 
charge air, across the width of its flow path, are com 
pensated for to reduce shock wave and boundary layer 
losses, which would otherwise result from the incidence 
angle being too great at one point and too small, or neg 
ative, at another point. Downstream of these marginal 
edge portions, the suction surface is faired into the nor 
mal plane of the throat section. 
More specifically these ends are attained by main 

taining the pressure surface in its normal plane parallel 
to the impeller axis. The suction surface is then angled 
relative to an intermediate point away from a plane 
parallel to the impeller axis, disposing the shroud side 
of the suction surface closer to the impeller axis and the 
hub side thereof further therefrom. This results in two 
further advantages. First, the vane leading edge be 
comes angled, or swept, relative to the air flow. This 
swept reduces losses in the shock wave which is gener 
ated when the air flow impinging thereon has a super 
Sonic velocity. Secondly, the wedge angle of the vane 
is substantially decreased at the hub side of the dis 
charge flow path. Air velocity is somewhat greater at 
the hub side and since shock losses are proportional to 
wedge angle, the decreased angle in the region of high 
est velocity further reduces such losses. 
The above and other related objects and features of 

the present invention will be apparent from a reading 
of the following description of the disclosure of a pre 
ferred embodiment, in which reference is made to the 
accompanying drawings, and the novelty thereof 
pointed out in the appended claims. 

In the drawings. 
FIG. 1 is a simplified, longitudinal, half section of a 

gas turbine engine of the type in which the improved 
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compressor of the present invention may advanta 
geously be incorporated, 
FIG. 2 is a view, on an enlarged scale, taken in line 

2-2 in FIG. 1, showing portions of this compresser 
and its diffuser in particular, in greater detail, 

FIG. 3, is a view, on a further enlarged scale, List 
taken on line 2-2 in FlcG 1, showing the entrance per 
tions to the diffuser channels in further detail: 
FIG. 4 is a section taken on line 4-4 in hiCi. 
FIG. 5 is a section taken oil line 5-5 in FICi. 
FIG. 6 is a section taken oil line 6-6 in FEG. 
FIG. 7 is a section taken on line 7-7 in FEG. 
FIG. 8 is a section taken on line 8-8 in FCS. 
FEG. 9 is a section taken on line 9-9 in FG, 3. 
FIG 10 is a section taken on line 10-10 in FiG. 
FIG. l l is a section taken on line F 1 - 1 1 in FG. 
FIG 12 is a section taken on line 12- 12 in FG. 
F.G. 3 is a section taken in line 1 - 13 in FIG. 

and 
FIG. 4 is a section taken on line 14- 4 in FIG. 4. 
Reference will first be made to FIG. 1 for a descrip 

tion of a gas turbine engine of the type in which the 
compressor of the present invention finds particular 
utility. Such engines are well known to those skified in 
the art and FIG. 1 is therefore greatly simplified, nit 
ting structural details. 
The engine, indicated generally by reference charac. 

ter 10, comprises, as basic units, a racial flow compres 
sor 12, a combustor 14 and a turbine 16, which are 
sometimes collectively referred to as a gas generator 
Air is induced into the compressor 12 through an 

inlet 18 which turns it in in axial direction for entrance 
into the compressor 12. The latter comprises an impel 
ler 20 having a hub 22 and blades 24. The hub 22 and 

s 

s 

: 

a shroud 26 define an annular, outwardly curved flow 
path of progressively reduced area. As the impeller Io 
tates, the blades 24 propel the air at increasing Veloci. 
ties to the radial, outwardly facing, circumferential in 
peller exit and discharge the air there from at a substan 
tially increased total pressure. 
The impeller discharge air then enters a racial flow 

diffuser 28 (later described in detail ) from which it is 
turned into an axial direction to enter an axial diffuser, 
or guide vanes, 30, which properly direct the air 
towards the combustor 4, which is of the reverse flow 
type. The pressurized air flows into an annular combus 
tion chamber 32 where it supports combustion of fuel, 
discharged from fuel nozzles 34, in the generatic in of a 
high energy, hot gas stream. This hot gas stream is then 
turned inwardly through an angle of approximately 
180° to the nozzle diaphragm 36 of the turbine 16. The 
hot gas stream is then directed through a bladeki tur 
bine rotor 38 which is directly coupled to the compres 
sor rotor 20. The turbine 16 extracts a portion of the 
energy of the hot gas strean in thus driving the coni 
pressor rotor of the gas generator. 
The majority of the remaining energy of the hot gas 

stream is then converted to a useful output, as by being 
discharged through a propulsion nozzle, or, as he reti) 
illustrated, by driving a power turbine 40. The latter 
comprises a nozzle diaphragm 42, mounted on a fr. Line 
member 44, which tirects the hot gas stream through 
a bladed turbine rotor 46. The power turbine rot I (6 
is mounted on a forwardly exteading shaft 48, which, 
generally speaking. has a rate of rotation too great ti 
be directly coupled to a driven unit. Therefore it is 
usual procedure to provide a gear box 50 on the front 

4 
cji i yi the engine 10. The input to this gear box, from 
shait 48, is reduced in speed, and motive power then 
(. rived from an output shaft (not shown) of the gear 
box. 

is introvencints of the resent invention are found 
in tile diffuser 28 which will now be described in 
greater detail with reference to FIGS. 2 and 5. The dif 
fuses 28 comprises a frame member 52 having integral 
Valle's 53 which define a plurality of generally tangen 

lf tial channels 54. A plate 56, which may be an extension 
of the iopeller shroud 26, forms the front wall of these 
channels to define closed flow paths for the impeller 
cischarge air. The inner, wedge ends of the vanes 53 
are clefined by suction and pressure surfaces, 58 and 60 

5 respectively, which diverge from sharp, leading edges 
f2. Opposed suction and pressure surfaces, of adjacent 
wanes 53, extend downstream to a throat section 64 in 
casch channel 54. From the throat section 64 there is a 
two stage increase in channel area (see also FIG. 4) 

2! which provides for controlled diffusion of the high ve 
locity, impeller discharge air with a minimum of losses 
in a minimum flow path length as its velocity energy is 
transformed to static pressure energy. The diffuser, as 
thus far described, is conventional and its function well 

25 known to those skilled in the art. 
Reference is next made to FIG. 3 for an appreciation 

of the discharge flow characteristics of the compressor 
impeller, which is, itself, of conventional design. Pri 
marily because of the necessary clearances between the 
inpeller blades 24 and the shroud 26 (this is best 
shown in FIG. 5) there is a relatively large variation in 
the absolute flow angle of the impeller discharge air be 
tween the shroud side and the hub side of the discharge 
air flow path as it enters the diffuser 28. The vectors V. 
and V, in FIG.3 respectively indicate the absolute flow 
angles of the impeller discharge air at the shroud and 
huh side of its flow path. An intermediate, or nominal, 
:absolute angle of discharge is also indicated by the vec 
tor W. These vectors are circumferential in extent and 
lingled at any point relative to the radius plane of the 
axis of the impeller, as indicated by broken line R. 

The Sctican surfaces 58 have been contoured so that 
the angle (if incidence of the impeller discharge air 
thereon is essentially uniform and preferably at a zero 

s degree angle of incidence, from the shroud side to the 
hub side of the impeller discharge air flow path. This 
desired relationship will be more apparent from FIGS. 
12-14 which are, respectively, sections through a vane 
5 at the shroud side, at the intermediate, or nominal 

() plate and at the hub side thereof. FIG. 12, at the 
shroud side, illustrates that the vector V approaches a 
tangential relationship with the radial plane R, at the 
leading edge 62, with the angle D being in the order of 
85. In FIGS. 13 and 14 the vectors V and V become 
less tangential, or more radia, as the angle D de 
creases, relative to the radial plane R at the leading 
eige 62. More importantly, the suction surface, mar 
ginally of the leading edge 62, has this same relation 
ship, being more tangential at the shroud side, FIG. 12, 
ind then less tangential at the nominal plane, FIG. 13, 
inct still less tangential at the hub side, FIG. 14. Fur 
ther, in each instance, these marginal portions of the 
Suction surface 58 are essentially parallel with the vec 
tors Vs, V, and V, so that there is at least approxi 
mately a ( angle of incidence of the impeller discharge 
all oil the Suction surface across its width. Downstream 
of these marginal edge portions, the suction surface is 
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faired into the plane of the throat section 64 to mini 
mize possible turbulence in the air flow therealong. 
These contours are preferably obtained with the 

pressure surface 60 maintained in its normal plane par 
allel to the impeller axis and also parallel to the suction 
surface 58 at the throat section 64. With the pressure 
surface thus oriented, the suction surface is then an 
gled, relative to the impeller axis, from the intermedi 
ate or nominal plane so that the suction surface, and 
the leading edge 62, are extended toward the impeller 
exit and also toward the impeller axis. These relation 
ships are further shown in FIGS. 6 and 12 by broken 
line x which represents the plane of the suction surface 
58 at the throat section 64. FIGS. 7 and 13 and 8 and 
14 then respectively illustrate that the suction surface 
58 and leading edge 62 are further away from the im 
peller exit and axis in the nominal plane and hub side 
plane, coinciding with the throat section plane x in the 
nominal plane and being disposed outwardly of the 
throat section plane x in the hub side plane. FIGS. 9-11 
further illustrate the manner in which the suction sur 
face, as was previously mentioned, is faired from the 
portions marginally of the leading edge 62 into the 
plane of the throat section 64. These last Figures also 
illustrate the radius provided between the suction sur 
face 58 and the rear channel wall formed in the frame 
member 52 which lends structural strength as well as 
assisting in minimizing losses. 
The described suction surface 58 provides the de 

sired zero angle of impingement, relative to the impel 
ler discharge air, across the width of the discharge flow 
path and thereby minimizes both boundary layer losses 
and shock wave losses. This contoured suction surface 
differs from conventional suction surfaces which are 
usually disposed in a plane parallel to the impeller axis 
and tangential to the nominal absolute velocity flow 
path vector. This conventional disposition of the suc 
tion surface, as can now be better appreciated, results 
in the angle of incidence being negative at the shroud 
side and too great at the hub side of the flow path and 
thus causes undue energy losses as the impeller dis 
charge air is split into discrete flow paths. 

It will also be noted that, in achieving the described 
advantages, other preferred features of existing diffus 
ers are not effected. Thus it will be seen from FIG. 5 
that the vaneless region is generally convergent 
towards the diffuser channel throat section. Beyond the 
throat section, the diffuser channel may increase in 
area in accordance with known design parameters. as 
desired. Further, the vaneless region may be preferably 
maintained relatively short, in the order of 5% of the 
diffuser channel length. It will also be noted that the 
impeller is designed for and rotates at speeds which 
produce supersonic exit velocities. 
Not only are the higher losses associated with super 

sonic flow minimized by the desired incidence angle, 
relative to the suction surface, across the width thereof, 
but the preferred embodiment includes two further fea 
tures which also contribute to the minimization of 
losses. First, angling of the suction surface 58, relative 
to the impeller axis, produces a sweep aspect of the 
vane leading edge 62 (best seen in FIG. 4) which 
breaks up the shock wave created by incidence thereon 
of supersonic flow, into delta waves which have less net 
overall loss than where the shock wave is created by 
impingement on an edge normal to the flow direction. 
Second, the included angle W of the vane wedge de 
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6 
creases from the shroud side to the hub side of the exit 
flow path, as will be evident from FIGS. 12-14. It is 
fundamental that shock losses, in supersonic flow, are 
a function of the wedge angle on which they impinge, 
as well as the velocity of the air flow. It has been previ 
ously noted that the losses associated with the clear 
ance between the impeller blades 24 and the shroud 26 
create flow angle variations. These same losses also re 
sult in the absolute air velocity at the hub side being 
greater than at the shroud side of the discharge air flow. 
Thus the sharper wedge angle at the hub side, where 
the greater velocity is found, also contributes to the 
minimization of losses in this vaneless region. 

In summary, the present invention provides many of 
the advantages of pipe diffusers in reducing losses in 
the vaneless region while retaining the advantages of 
diffuser channels of rectangular cross section which 
minimizes changes in flow direction during the diffu 
sion process. 
While the present embodiment represents an ideal 

ized situation wherein the contour of the suction sur 
face is modified to provide the desired zero incidence 
angle across the entire width of the exit flow path, from 
the shroud side to the hub side thereof, there may be 
design limitations which prevent full attainment of such 
condition. Nonetheless, any suction surface contour 
following the present teachings which substantially ap 
proximates this flow relationship will provide signifi 
cant improvements in compressor efficiency. 
Also, while, in the present embodiment, the vanes 53 

are formed integrally with the frame member 52, which 
also forms the rear wall of the diffuser channels 54, it 
is to be recognized that these vanes could be formed as 
separate elements. In such case, the radii at the junc 
ture of the suction surface 58 and the rear wall of the 
diffuser channel (FIGS. 8-10) could be reduced to a 
sharp angle if desired. However, it is believed prefera 
ble that some radius be provided at this juncture to 
minimize boundary layer losses. 
The present embodiment has been described in com 

bination with a gas turbine engine of the type employed 
in the propulsion of aircraft. However, the invention is 
applicable to radial flow compressors for compressable 
fluids, generally, at least in its broader aspects. 
The above and other variations from the preferred 

embodiment herein described, will become apparent to 
those skilled in the art within the spirit and scope of the 
present invention concepts, which are to be derived 
from and limited by only the following claims. 
Having thus described the invention, what is claimed 

as novel and desired to be secured by Letters Patent of 
the United States is: 

1. A supersonic radial flow, fluid compressor com 
prising 
an impeller having a hub, 
a shroud surrounding said hub and defining, in com 

bination with said hub, an annular flow path of pro 
gressively reduced area, which curves outwardly to 
a circumferential discharge exit between the exit 
planes of the hub and shroud, which planes are 
generally normal to the impeller axis, 

said impeller having blades projecting from the hub 
into close proximity with said shroud, for propel 
ling fluid along said flow path and discharging same 
tangentially from said exit at supersonic velocity 

a diffuser encircling said impeller discharge exit and 
having side walls generally aligned with the planes 
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of said hub and shroud and further including vanes, 
disposed between said side walls, which define, in 
combination therewith, a plurality of diffusion 
channels extending generally tangentially of said 
discharge exit, 

each of said vanes including a wedge portion having 
a leading edge facing said discharge exit and 
spaced therefrom to define the outer bounds of a 
vaneless region of the diffuser, said wedge portion 
having, on one side, a suction surface facing the im 
peller axis and a pressure surface on the opposite 
side thereof, the suction and pressure surfaces of 
adjacent vanes extending downstream to the throat 
section of the diffusion channel, characterized in 
that in each vane 

the pressure surface is disposed in a plane parallel to 
the impellor axis, and 

the edge portions of the suction surface, marginally 
downstream of said leading edge, are more tangen 
tial, relative to a radial plane from the impeller axis 
thereat, at the shroud side of the vane than at the 
hub side thereof and further that said marginal suc 
tion surface portions are generally parallel with the 
absolute flow angle of the impeller discharge fluid 
from the hub side to the shroud side of the dis 
charge exit, whereby, across the width of the vane 
leading edge, there is an essentially uniform angle 
of incidence, approximating 0, of the impeller dis 
charge air on the suction surface. 

2. A radial flow, fluid compressor as in claim 1 
wherein: 
the leading edge of each vane is angled relative to the 

impeller axis and thus swept with respect to the im 
peller discharge air impinging thereon. 

3. A radial flow, fluid compressor as in claim 1 
wherein: 
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8 
the pressure surface of each vane is parallel to the 

suction surface of the adjacent vane at the throat 
scction of the diffusion channel, 

the said marginal portions of each vane are disposed 
in a plane intersecting the plane of the suction sur 
face at said throat section, at an intermediate, nom 
inal point across the discharge exit flow path, the 
plane of said marginal surface portions further 
being angled relative to the impeller axis to dispose 
the suction surface nearer the impeller axis at the 
shroud side of the discharge air flow path than at 
the hub side thereof, 

whereby each leading edge is swept from a point 
nearer the impeller exit, at the shroud side, to a 
more remote point at the hub side, and the in 
cluded wedge angle at the hub side is less than that 
at the shroud side and further wherein: 
the suction surfaces marginally of each leading 
edge are smoothly faired into the plane of the 
downstream throat section. 

4. A radial flow, fluid compressor as in claim 3 
wherein: 

the flow path length of the vaneless region is approxi 
mately 5% of the total length of the flow path 
length through the diffuser to the exit of a diffusion 
channel. 

5. A radial flow, fluid compressor as in claim 4 
wherein: 

said vanes are formed integrally with a frame mem 
ber which also defines the hub side wall of the dif 
fusion channels, and 

radii are formed at the juncture of the suction sur 
faces and the said rear wall, which progressively 
become more sharp toward each throat section. 
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