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A gas turbine engine comprising a compressor, a tur 
bine, and a burner. The turbine is interposed between 
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axially while the air from the compressor is moved in 
a sinuous path in heat exchange relationship to the 
movement of the exhaust gases axially. 
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GAS TURBINE ENGINE AND COUNTERFLOW 

HEAT EXCHANGER WITH OUTER AIR 
PASSAGEWAY 

This is a continuation of application Ser. No. 
175,819, ?led Aug. 30, 1971, now abandoned. 
This invention relates to gas turbine engines. 

BACKGROUND OF THE INVENTION 

Among the objects of the invention are to provide a 
gas turbine engine which is light in weight, compact, 
and operates with high efficiency. 

SUMMARY or THE INVENTION 

A gas turbine engine comprising a compressor, a tur~ 
bine, and a burner. The turbine is interposed between 
the compressor and the burner. The exhaust gases of 
combustion from the turbine are reversed and moved 
axially while the air from the compressor is moved in 
a sinuous path in heat exchange relationship to the 
movement of the exhaust gases axially. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a fragmentary longitudinal sectional view of 
a gas turbine engine embodying the invention. 
FIG. 2 is a fragmentary sectional view taken along 

the line 2-2 in FIG. 1. 
FIG. 3 is a fragmentary sectional view taken along 

the line 3—3 in FIG. 2. 
FIG. 4 is a fragmentary side elevational view of a por 

tion of the gas turbine engine. 
FIG. 5 is a fragmentary plan view of a portion of the 

engine shown in FIG. 4. ' 
FIG. 6 is a fragmentary longitudinal sectional view of 

a gas turbine engine embodying the invention taken 
along the line 6-6 in FIG. 9. 
FIG. 7 is a fragmentary sectional view taken along 

the line 7—7 in FIG. 6. ' 
FIG. 8 is a fragmentary sectional view taken along 

the line 8-8 in FIG. 9. ' 
FIG. 9 is a fragmentary sectional view taken along 

the line 9-9 in FIG. 8. _ 
FIG. 10 is a fragmentary sectional view of a portion 

of the engine taken along the line 10-10 in FIG. 8. 

DESCRIPTION 

Referring to FIGS. 1-5, the gas turbine engine 10 em 
bodying the invention comprises a compressor 11 
which draws air through an axial intake 12 into a hous 
ing 13 wherein an impeller I4 compresses the air and 
directs it generally radially through a passage 15. The 
air is then turned generally axially. The air passes in 
heat exchange relationship to the exhaust gases 
through a heat exchanger 16 to a combustion area 17 
where it is ignited with fuel from an atomizer 18. The 
gases of combustion are directed to a turbine 24 inter 
posed between the compressor and the burner. The ex 
haust gases are then reversed substantially 180° by a 
passage 200 formed by shroud 20 and the compressor 
housing and moved axially through the heat exchanger 
16 to an axial exhaust 21. 
As shown in the drawings, the impeller 14 of the 

compressor is mounted on a shaft 22 rotatably sup 
ported in the housing by bearings 23. The rotor 24 of 
the turbine is alsovmounted on the shaft 22. The turbine 
further includes circumferentially spaced stator blades 
25 that are supported on a stator assembly 26. Stator 
assembly 26 comprises a semi~spherical hollow mem 
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her 27. The stator blades 25 are hollow so that cooling 
air can be directed through the stator blades radially 
inwardly. A portion of the air ?ows through openings 
28 to cool the turbine rotor while another portion flows 
through openings 29 against a spaced baf?e 30 to cool 
the outer surface of the member 27 and the baffle 30. ' 
A burner tube 31 which is generally cylindrical defines 
a space 32 through which the air ?ows to the area 17. 

In accordance with the invention, the heat exchanger 
16 comprises a plurality of circumferentially spaced 
units 35. Each unit comprises spaced plates 36, 37, 38, 
39, 40 and 41. Corrugated members 42 are provided ' 
between the plates 36 and 37, 38 and 39, and 40 and 
41. The passages of the corrugated member 42 extend 
axially and are in communication with the passage 20a 
so that the exhaust gases ?ow substantially unrestricted 
axially to the outlet 21. 
The spaces between members 37 and 38 and 39 and 

40 have corrugated members 43 therein, the corruga 
tions of which extend generally radially. 
As shown in FIG. 2, the space between adjacent units 

16 is covered by a plate 44. The plate 44 extends to the 
periphery of the portion 45 of the housing de?ning the 
passage 15. In this manner, the exhaust gases can only 
?ow axially in the spaces de?ned by the corrugations 
42. - 

The engine includes a wall 52 that is spaced from the 
unit 16 to de?ne a passage 53 providing communica 
tion between portions 48 and 49 of each unit 35. The 
end of the wall as at 54 isolates portion 49 from portion 
51 to de?ne a sinuous path for the flow of air. 
A cover member 46 is provided in spaced relation to 

a portion of the unit along the length thereof. The air 
from the compressor thus can flow into the space 47 
longitudinally between the unit until it reaches the por 
tion 48 of the corrugations 43 as shown by the arrows 
in FIG. 3. The air can thereafter ?ow radially inwardly 
throughthe portion 48 and successively through por 
tions 49, the space 50 de?ned by the cover 46, and the 
portion 51 to the area 32 between the combustion tube 
and the housing. 
One of the advantages of the engine con?guration is 

that the compressor discharge air that is ?owing in pas 
sage 15 ?ows along the inner wall of the outer engine 
shell and thus keeps the engine housing cool and also 
minimizes heat loss to improve overall engine effi 
ciency. 

In the form of the invention shown in FIGS. 6-10, the 
heat exchanger 160 comprises a plurality of circumfer 
entially spaced units 35a. Each unit comprises spaced 
open ended rectangular housing 36a to 44a inclusive. 
Corrugated members 45a are provided in each housing. 
The passages 46a of the corrugated members 45a ex~ 
tend axially and are in communication with the passage 
20a so that the exhaust gases ?ow substantially unre 
stricted axially to the outlet 21. 
The spaces between housings 36a to 44a have corru 

gated members 45a therein, the corrugations of which 
extend longitudinally. .As shown in FIG. 9, corrugated 
sheets 45a are provided in each of the housings 36a, 
38a, 40a, 42a, 44a and extend throughout the length of 
the housings to provide axial passages 46a for directing 
the exhaust gases from passage 20 to the outlet 21. 
Corrugated sheets 45b with longitudinally extending 

passages 46b are also provided in the housings 37a, 
39a, 41a and 43a but they are cut away as at 47a and 
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48a. In addition, the housings 37a, 39a, 41a, 43a are 
provided with openings 49a, 50a and have their ends 
closed by plugs 51a, 53a so that air will flow from the 
compressor to the area 52a above each unit 35a 
through opening 490 and then axially through the pas 
sages formed by sheets 46a and through opening 50a to 
the area 32. In the area of passage 20a, a plate 53 closes 
the space between units 35a. 

In operation, the exhaust gases pass in an axially 
straight path through passage 46a and air is moved in 
an axially straight path in the opposite direction 
through passages 4612. 

I claim: 
1. A gas turbine engine comprising 
a compressor having an impeller, 
said compressor having a radial outlet, 
a turbine having a rotor mounted for rotation about 

the same axis as the impeller, 
said turbine having an axial inlet, 
a burner aligned with said axis, 
said turbine rotor being positioned between said im 

peller and said burner, 
means for directing the products of combustion from 

said burner in a path substantially annular in cross 
section axially to said turbine, 

> means between the compressor and turbine rotor for 
thereafter reversing the ?ow of said exhaust'gases 
in a reverse axial path, 

means de?ning an axially extending annular exhaust 
passageway spaced radially outwardly from and 
surrounding the turbine rotor and spaced axially 
with respect to said compressor for receiving the 
exhaust gases from said last-mentioned means, 

means for directing air directly from said compressor 
in a substantially annular axial path radially out 
wardly from and surrounding the axial exhaust pas 
sageway and in the direction of the passage of ex 
haust gases through said passageway, 

and counter?ow heat exchange means associated 
with said exhaust passageway for thereafter direct 
ing said air toward said compressor in heat ex 
change relationship to said exhaust passageway, 

and means for thereafter directing said air radially 
inwardly and thereafter axially of said axial exhaust 
passageway to said burner. 

2. The combination set forth in claim 1 wherein said 
heat exchange means comprises a plurality oflongitudi 
nally spaced plates, 

?rst corrugated members in alternate spaces between 
said plates, 

second corrugated members in the remaining spaces 
between said plates, 

said ?rst corrugated members between alternate 
plates having their passages extending axially to de 
?ne said exhaust passageways, 

said second corrugated members between the other 
plates having their ends closed and their passages 
extending generally axially and terminating short of 
the ends so that they communicate with air from 
said compressor and said burner to de?ne air di 
recting passages for receiving air from said air di 
recting means at one end of said heat exchange 
means and for delivering air at the other end to said 
air directing means for directing air to said burner, 
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3. The combination set forth in claim 1 wherein said 

heat exchange means comprises a plurality of circum 
ferentially spaced units, 
each said unit having longitudinally extending axial 
passages communicating with the turbine whereby 
the exhaust gases may pass therethrough, 

and a plurality of longitudinally extending axial air 
passages in heat exchange relationship to said last 
mentioned passages. 

4. The combination set forth in claim 1 wherein said 
means for directing a stream of air in heat exchange re 
lationship to the axial exhaust path and said means for 
directing the exhaust gases in an axial exhaust passage 
way comprise a plurality of circumferentially spaced 
units, 
each said unit comprising a plurality of spaced gener 

ally radially extending plates, 
?rst corrugated members in alternate spaces between 

said plates, 
second corrugated members in the remaining spaces 
between said plates, 

said ?rst corrugated members between alternate 
plates having their passages extending axially, 

said second corrugated members between the other 
plates having their passages extending generally ra 
dially, 

said means for directing the exhaust gases communi~ 
eating with said axial passages formed by said cor 
rugations of said ?rst members, 

and said means for directing ?ow of air communicat 
ing with the radial passages formed by the corruga 
tions of said second members in a counter?ow gen 
erally sinuous path. 

5. A gas turbine engine comprising 
a compressor having an impeller, 
said compressor having a radial outlet, 
a turbine having a rotor mounted for rotation about 
the same axis as the impeller, 

said turbine having an axial inlet, 
a burner aligned with said axis, 
said turbine rotor being positioned between said im 

peller and said burner, 
means for directing the products of combustion from 

said burner in a path substantially annular in cross 
section axially to said turbine, 

means between the compressor and turbine rotor for 
thereafter reversing the ?ow of said exhaust gases 
in a reverse axial path, 

counterflow heat exchange means spaced radially 
outwardly from and surrounding said turbine and 
spaced axially with respect to said compressor for 
receiving the exhaust gases from said last» 
mentioned means, 

said heat exchange means comprising a plurality of 
axial passageways communicating with said means 
for reversing the exhaust gases, 

means surrounding said heat exchange means de?n 
ing a substantially annular path for directing air di 
rectly from said compressor axially away from the 
compressor, 

said heat exchange means including means for re 
ceiving air from said last-mentioned annular path 
de?ning means and directing it through said heat 
exchange means in counter?ow heat exchange re 
lationship to said axial exhaust gas passageways, 

and means for receiving air from said heat exchange 
means and thereafter directing air from said heat 
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exchange means radially inwardly and thereafter 
axially to said burner. 

6. The combination set forth in claim 5 wherein said 
heat exchange means comprises a plurality of longitudi 
nally spaced plates, 

?rst corrugated members in alternate spaces between 
said plates, 

second corrugated members in the remaining spaces 
between said plates, 

said ?rst corrugated members between alternate 
plates having their passages extending axially to de 
?ne said exhaust passageways, 

said second corrugated members between the other 
plates having their ends closed and their passages 
extending generally axially and terminating short of 
the ends so that they communicate with air from 
said compressor and said burner to de?ne air di 
recting passages for receiving air from said air di 
recting means at one end of said heat exchange 
means and for delivering air at the other end to said 
air directing means for directing air to said burner. 

7. The combination set forth in claim 5 wherein said 
heat exchange means comprises a plurality of circum 
ferentially spaced units, 
each said unit having longitudinally extending axial 
passages communicating with the turbine whereby 
the exhaust gases may pass therethrough, 
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6 
and a plurality of longitudinally extending axial air 
passages in heat exchange relationship to said last 
mentioned passages. 

8. The combination set forth in claim 5 wherein said 
means for directing a stream of air in heat exchange re 
lationship to the axial exhaust path and said means for 
directing the exhaust gases in an axial exhaust passage 
way comprise a plurality of circumferentially spaced 
units, 
each said unit comprising a plurality of spaced gener 

ally radially extending plates, 
?rst corrugated members in alternate spaces between 

said plates. 
second corrugated members in the remaining spaces 
between said plates, 

said ?rst corrugated members between alternate 
plates having their passages extending axially, 

said second corrugated members between the other 
plates having their passages extending generally ra 
dially, , 

said means for directing the exhaust gases communi 
cating with said axial passages formed by said cor 
rugations of said ?rst members, 

and said means for directing flow of air communicat 
ing with the radial passages formed by the corruga 
tions of said second members in a counterflow gen 
erally sinuous path. 

* * * * * 


