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This invention concerns heat exchange apparatus and, 
although it is not so restricted, it is more particularly con 
cerned with anti-icing apparatus for a gas turbine engine. 
A gas turbine engine is commonly provided at its up 

stream end with a bullet-shaped internal wall member 
which is mounted within the engine casing and defines 
therewith an annular air intake. The bullet-shaped in 
ternal wall member carries one of the engine bearings and 
is supported from the engine casing by substantially radial 
Struts which, in operation, are liable to act as collecting 
surfaces for ice. It will be appreciated that if these struts 
are heated so as to de-ice them, it is important that they 
should be heated to an equal extent if buckling of the 
struts and consequent misalignment of the said bearing is 
to be avoided. 

In co-pending application Serial No. 41,347, dated July 
7, 1960, now Patent No. 3,057,154, filed by William 
Sherlaw et al., there is disclosed an anti-icing apparatus in 
which these struts are hollow and identical, and com 
municate with successive parts of a common annular 
manifold of uniform cross-sectional area carried by the 
engine casing, the manifold being connected by a supply 
pipe to the outlet of a high pressure connpressor of the 
engine so as to receive therefrom air which has been 
heated by being compressed. By this means all the struts 
are supplied with air at substantially the same temperature. 
We have now found, however, that the total pressure 
head i.e. the sum of the static pressure head and the 
velocity pressure head in the manifold downstream of each 
strut is, by reason of the air supplied to the strut, lower 
than the total pressure head upstream thereof. Hence 
the total pressure heads in the strut inlets furthest re 
moved from the said supply pipe are substantially lower 
than the total pressure heads in the strut inlets nearest 
to the said supply pipe. These total pressure head dif 
ferences give rise to unequal heating of the struts. 

According to the present invention there is provided 
heat exchange apparatus comprising two spaced apart 
members which are connected together by a plurality of 
struts, a plurality of fluid ducts each of which is in heat 
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exchange relationship with a respective strut, said fluid . 
ducts being connected by way of fluid supply manifold 
means to a common means which Supplies thereto a 
pressure fluid at a temperature higher than that of said 
struts, the fluid path along which the fuid flows from said 
common means to exhaust by way of said Supply manifold 
means and said fluid ducts being such, that the total pres 
sure heads at the inlets to said fluid ducts are substantially 
equal, and that the fluid heats said struts so that they 
expand by substantially equal amounts. 

Said supply manifold means may comprise a separate 
manifold for each fluid duct. Alternatively said supply 
manifold means may include a manifold, said ducts com 
municating with said manifold at points which are spaced 
along the length thereof, the cross sectional area of said 
manifold decreasing in the downstream direction of fluid 
flow therethrough so that the total pressure head therein 
remains substantially constant. 

Alternatively, said supply manifold means may include 
several manifolds each feeding a respective proportion of 
the ducts in succession. In this case, a substantially con 
stant total pressure head can be maintained in each mani 
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fold if the cross sectional area of each manifold is such 
that the velocity pressure head along its length is insig 
nificant. The necessary size of the manifolds would how 
ever make this possibility impractical for certain applica 
tions. Alternatively, the manifolds can be supplied with 
a static pressure head with which the velocity pressure 
head in the manifolds is insignificant in comparison, in 
which case the size of the manifolds can be reduced. Pref 
erably an arrangement between these two extremes is 
adapted where the static pressure head within the mani 
folds is comparatively low e.g. of the order of the static 
pressure head at the outlet of a low pressure compressor 
of a gas turbine engine, each manifold having a sufficiently 
large cross sectional area so that the velocity pressure 
head therein is insignificant compared with the static 
pressure head therein. 
The fluid from the fluid ducts can flow directly to the 

atmosphere, but preferably, exhaust manifold means is 
provided which communicates with said fluid ducts and 
guides the fluid from the ducts to exhaust. The exhaust 
manifold means may be constructed in any of the dif 
ferent ways described for said supply manifold means. 

Preferably said supply manifold means and said ex 
haust manifold means are mounted one within the other, 
each manifold means communicating with said fluid ducts 
in succession so that fuid can flow from the supply mani 
fold means via the fluid ducts to the space between the 
Supply and exhaust manifold means, the total internal 
CrOSS-Sectional area of the inner manifold means diminish 
ing in the downstream direction of fluid flow there 
through, and the cross-sectional area between the supply 
and exhaust manifold means increasing in the down 
stream direction of fluid flow therethrough. 

Preferably the internal cross-sectional area defined by 
the internal walls of the outer manifold means is substan 
tially constant. 
One convenient arrangement is to dispose the supply 

manifold means within the exhaust manifold means. 
The Supply manifold means (and the exhaust manifold 

means where one is provided) may be arcuate and the 
ducts may be arranged substantially radially thereof. 

Preferably each duct is open-ended and is mounted 
Within the respective strut with a space therebetween, 
the fluid flowing through the duct and then flowing in the 
opposite direction through the space between the duct and 
the strut. It will be appreciated that the fluid can first 
flow through said space and then through the duct. 

Preferably the spaces between the struts and the ducts 
adjacent the open ends of the ducts intercommunicate 
with one another so as to permit the fluid pressures ad 
jacent said open ends to equalise. 
The invention also comprises a gas turbine engine pro 

vided with such heat-exchange apparatus. 
Thus in its preferred form the invention provides a 

gas turbine engine comprising an engine casing, internal 
wall means mounted within said casing by means of a 
plurality of substantially radial struts, said internal wall 
means defining an annular air intake with said casing, 
arcuate fluid Supply manifold means, a fluid inlet coin 
duit communicating with said fluid supply manifold means 
and with a Supply of heated fluid under pressure and at a 
temperature higher than that of said struts, a plurality of 
ducts each of which is arranged in heat exchange rela 
tionship with a respective strut, said ducts communicating 
with said fluid supply manifold means at angularly spaced 
apart points which are arranged to be successively Sup 
plied with fluid from the fluid inlet conduit, the fluid paths 
along which the fluid flows from said fluid inlet conduit 
to exhaust by way of said fluid supply manifold means 
and said fluid ducts being such, that the total pressure 
heads at the inlets to said fluid ducts are substantially 
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equal, and that the fluid heats said struts so that they 
expand by substantially equal amounts. 
The invention is illustrated, merely by way of exam 

ple in the accompanying drawings in which: 
FIGURE 1 is a diagrammatic view, partly in Section, 

of a gas turbine engine embodying the present invention, 
FIGURE 2 is a section taken on the line 2-2 of FIG 

URE 1, 
FIGURE 3 is a section taken on the line 3-3 of FIG 

URE 2 
FIGURE 4 is a developed plan view of part of the 

structure shown in FIGURES 1 to 3, 
FIGURE 5 is a view corresponding to FIGURE 4 

but illustrating a modification, 
FIGURE 6 is a sectional view of part of the struc 

ture shown in FIGURE 5, 
FIGURE 7 is a cross-sectional side elevation showing 

details of an inlet pipe leading to a chamber with which 
fluid supply manifold means communicates, the arrange 
ment forming part of a modified form of the invention, 
FIGURE 8 is a plan view of FIGURE 7, with the inlet 

pipe and manifold removed, 
FIGURE 9 is a cross-sectional view showing how a 

strut spaced from the chamber is connected to the fluid 
supply manifold means, 
FIGURE 10 is a cross-sectional view of the hub shown 

in FiGURE 9 taken on the line X-X, 
FIGURE 11 is a cross-sectional view on the line XI-XI 

of FIGURE 9, and 
FIGURE 12 is a cross-sectional view taken on the line 

XII-XII of FIGURE 9. 
Referring to the drawings, a gas turbine jet propulsion 

engine for an aircraft comprises an engine casing 10 
within which are arranged in flow series an annular air 
intake , a compressor 12, combustion equipment 13, and 
turbine 14, the exhaust gases from the turbine 4 being 
discharged to atmosphere through a jetpipe 5. 
The annular air intake 11 is defined between the en 

gine casing 10 and a bullet-shaped air intake baffle or 
nose cone 6. The latter is mounted within the engine 
casing 10 by means of twelve hollow, aerofoil-shaped 
struts i7 which extend between the nose cone 6 and the 
engine casing 10. The nose cone 16 has mounted within 
it a bearing (not shown) for a shaft 18 on which the 
compressor 12 and turbine 4 are mounted. Each of the 
struts 7 extends tangentially of the nose cone 6 so 
as to diminish the buckling effect of differential expan 
sion and contraction of the struts 17. 

Mounted about and adjacent to the forward end of the 
engine casing 10 is an annular air exhaust manifold 19. 
The manifold 19, which is provided with an exhaust port 
20, communicates with the interiors of the hollow 
Struts 17. 

Within the manifold 9 is a chamber 2. The cham 
ber 2 does not communicate with the manifold 19 but is 
connected by a fluid inlet conduit in the form of a pipe 
22 to the outlet of the compressor 12 so as to receive 
therefrom a supply of air which has been heated by being 
compressed. 
The chamber 21 (see FIGURE 4) communicates with 

a pair of aligned pipes 23 and with a pair of aligned pipes 
24 which extend beyond the pipes 23, the remote ends of 
the pipes 23, 24 being closed. The pipes 23, 24 extend 
alongside each other and collectively constitute air inlet 
manifold means. As will be seen from FIGURE 4, the 
total cross-sectional area of the air inlet manifold means 
constituted by pipes 23, 24 diminishes with increased 
distance from the pipe 22 where the pipes 23 terminate. 
The pipes 23, 24 are spaced from the engine casing 10 by 
heat-insulating blocks 25. 

Each of the twelve hollow struts 17 has a pipe 26 
mounted within it. Each pipe 26 is spaced from the 
front and rear ends of its strut 17 as indicated at 27 and 
each pipe 26 has an open end 28 which is spaced from 
the nose cone 16. Thus air heated in the compressor 12 
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4. 
may flow via the pipe 22, chamber 2, pipes 23, 24, and 
pipes 26 to the interiors of the struts 17. As indicated 
by the arrow 29, the air then flows through the spaces 27, 
so as to heat the struts 17, and thence via the manifold 
19 to the exhaust port 20. 

Seven of the twelve pipes 26 communicate with the 
pipes 23, while the remaining five pipes 26 communicate 
with the pipes 24. It will be noted that the pipes 26 near 
est to the chamber 23 communicate with the pipes 23 
whilst those furthest from the chamber 21 communicate 
with the pipes 24. 

Assuming that the internal cross-sectional area of pipes 
23, 24 is uniform, and that air in the pipes 23, 24 accel 
erates into the inlet of each pipe 26, the total pressure 
head of the air in each of the pipes 23, 24 downstream of 
its junction with a pipe 26, will, by reason of the air sup 
plied to the pipe 26, be lower than the total pressure head 
upstream thereof. 

In other words, there is a total pressure head drop at 
each junction with a pipe 26 and if all twelve pipes 26 
were supplied from the two pipes 23, or the two pipes 24, 
the total pressure head in the pipes 26 furthest removed 
from the chamber 2 would be substantially less than the 
total pressure head in the pipes 26 nearest to the chamber 
21. As a result, the various struts 17 would be heated 
by unequal amounts. This difference in the heating of 
the pipes 26 is, however, reduced by the construction 
shown in the drawings since some of the pipes 26 are sup 
plied with air from the pipes 23 whilst the remaining 
pipes 26 are supplied with air from the pipes 24. 
The progressive drop in the total pressure head along 

the pipes 23, 24 from the chamber 21 can be reduced if 
each of the pipes 23, 24 is made up of a series of portions 
of progressively reduced internal cross sectional area. 
Thus the pipes 23 in FIGURE 5 are shown as being 
formed of portions 30 of successively reduced diameter 
which fit telescopically into each other and which permit 
Some slight relative axial movement so as to allow for 
relative expansion therebetween. The arrangement is 
Such that the total pressure head in pipes 23 remains sub 
Stantially constant. In order to compensate for relatively 
Small changes in the total pressure head along the pipes 
23, 24, the bores of the pipes 26 or their cross-sectional 
areas at the points where they join the pipes 23, 24, may 
as indicated in FIGURE 6, be progressively increased 
With distance from the chamber 21. If desired the ra 
dially inner ends of the pipes 26 may be constricted e.g. 
by providing them with nozzles. This latter arrangement 
Would have the advantage of reducing the effect of the air 
accelerating in the pipes 23, 24 into the inlets of the pipes 
26, since most of the pressure drop of the air passing 
from the pipes 23, 24 into the spaces 27 would occur 
across the constricted ends of the pipes 26. 
Each of the pipes 23, 24 (or portions 30 thereof) pref. 

erably consists, as shown in FIGURE 6, of coaxial inner 
and outer skins 31, 32 with an annular layer 33 of a heat 
insulating material therebetween. Also, the chamber 21 
may have a heat insulating layer around it, or merely 
covering the radially inner wall thereof adjacent the air 
intake 11. 

In operation, air which has been heated by being com 
pressed in the compressor 12 passes via the pipe 22, and 
chamber 21 to the pipes 23, 24. Since the pipes 23, 24 
are mounted on the insulating blocks 25, (and since they 
are also preferably formed, as indicated in FIGURE 6, 
with a heat-insulating layer 33) the hot air passing 
through the pipes 23, 24 is not cooled, to any substantial 
extent, by the cold intake air passing through the air in 
take 11. 
The air from the pipes 23, 24 passes via the pipes 26 to 

the interior of the struts 17 so as to prevent the forma 
tion of ice on the external surface of the latter. Further 
more, all the struts 17 are heated to a substantially equal 
extent, whereby the nose cone 16, and the engine bearing 
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carried thereby, will not be displaced due to differential 
expansion of the struts 17. 
The hot air which has passed through the annular 

Spaces 27 passes into the manifold 19 and so to the ex 
haust port 20. It will be noted from FIGURE 4 that, 
since the pipes 24 extend beyond the pipes 23, the space 
within the exhaust manifold 19 occupied by the inlet 
manifold constituted by the pipes 23, 24 is less adjacent 
to the exhaust port 20 than it is adjacent to the chamber 
2. This change in the total cross-sectional area of the 
pipes 23, 24 will be more progressive if the pipes 23, 24 
have portions of decreasing size as shown in FIGURES 
5 and 6, in which case the space within the exhaust mani 
fold 9 which is open to the air flow progressively in 
creases towards the exhaust port 29. Thus the exhaust 
manifold 89 is formed so that no substantial change of 
total pressure head occurs in it towards the exhaust port 
2. 

In the construction shown in the drawings the hot air 
which has been used to heat the struts 17 is passed to 
atmosphere through the exhaust port 30. If desired, how 
ever, this hot air, before being exhausted to atmosphere, 
can be used to heat the forward part of the nose cone 6 
and to heat the leading edge of the air intake 11 as in 
dicated in the previously mentioned co-pending applica 
tion Serial No. 41,347. 

With reference to FIGURES 7 and 8, parts corre 
sponding to those of the embodiment shown in FIGURES 
1 to 4 have the same reference numerals. The top of 
chamber 21 has an aperture 40 bounded by a peripheral 
flange 4. The chamber 21 is made rigid by means of 
four angularly spaced rods 42 which extend through and 
are welded to the top and bottom of the chamber 21, the 
rods 42 also extending through the flange 4. Three fur 
ther bosses 43 are weided to the internal surface of the 
chamber 21 opposite the flange 4A. An aperture which 
registers with the aperture 49 is also provided in the top 
of the manifold 59, and a peripheral flange 45 of the in 
let pipe 22 abuts the top of the manifold 19 covering the 
aperture therein and substantially registering with the 
flange 4. The pipe 22 is secured to the chamber 21 by 
seven set screws 46 (only one of which is shown in FIG 
URE 7) which engage the screw threaded interiors of the 
bosses 43 and the rods 42. The pipe 22 therefore com 
municates with the interior of the chamber 2, but is 
sealed from the interior of the manifold 19 by the flange 
4. 

Sole plate 50 is welded to the base 51 of the mani 
fold E9, and the strut 7 is connected to the sole plate 
58, and the duct 26 is connected to internal webs 52, 
53 and to the wall portions 54, 55 of the sole plate. 
The cross-sectional view of the sole plate 59, the strut 
7 and the duct 26 shown in FIGURE 7 has been taken 

along the median line of the strut for the sake of simplify 
ing the drawing. The parts 52, 53, 54 and 55 of the 
sole plate 59 blend into an annular ring 58 which ex 
tends through an aperture in the bottom of the chamber 
2g approximately mid-way between the lateral ends of the 
chamber 22 where the latter has its greatest transverse 
cross-sectional area as seen in FIGURE 7. This cross 
sectional area is substantially greater than the total cross 
sectional area of two of the pipes 23, 24 which extend 
from one lateral end of the chamber 21. Each of the 
pieces 23, 24 is made up of a plurality of arcuate sec 
tions A, B, etc., each section joining a succeeding section 
as indicated in FIGURE 8 after a junction with a duct 26. 

In FIGURE 9 there is shown the connection of a strut 
17 with the pipe 23 i.e. at a point spaced from the 
chamber 21. As shown, the parts 52, 53, 54 and 55 
extend upwardly to define a U-shaped seating for the 
pipe 23 and an outwardly extending flange 59. An aper 
ture 60 in the sole plate 50 registers with an aperture 
61 in the tube 23. Straps 62, 63, which pass round the 
pipes 23, 24, are bolted to the flange 59 so as to locate 
the pipes 23, 24 in position. The side walls of the base 
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6 
of the manifold 9 are bolted to the adjoining structures 
by nuts and bolts indicated generally by the reference 
numeral 65. 
At the radially inner end of the strut 17, the strut 

extends through an aperture in the nose cone 6 and is 
connected to an annular hub structure having front and 
rear walls 68, 69, dividing walls 70 (see FIGURE 10), 
and an inner annulus 7. The radially inner tips of the 
dividing walls () are spaced from the annulus 71 so as 
to permit equalisation of pressure around the hub struc 
ture. The hub structure is supported from the nose 
cone by bolting its rear wall 69 by bolts 74 to an in 
wardly extending annular fiange 75 which is strengthened 
by angularly spaced WebS 76. 

It is believed that the operation of this embodiment 
will be apparent from the preceding description, so no 
detailed account will be given. 
The modification described with reference to FIG 

URES 7 to 12 differs from the arrangement shown in 
FIGURES 1 to 4 in that there are nineteen of the struts 
7, one strut 7 being located directly beneath the 
chamber 21, and nine struts 7 being arranged on each 
side of chamber 2E, each branch of the pipe 23 feeding 
the first five struts and each branch of the pipe 24 
feeding the last four struts. 
The cross-sectional areas of each of the pipes 23, 

24 is approximately three to four times greater than 
the cross-sectional area of the pipe 26 as shown in FG 
URE 12, the latter cross-sectional area being approxi 
mately equal to the total cross-sectional area of the space 
between the exterior of the pipe 26 and the interior of the 
strut 7. The total internal cross-sectional area of the 
manifold 9 i.e. including any space occupied by the pipes 
23, 24 is approximately seven to eight times larger than 
the cross-sectional area of one of the pipes 23, 24. 
The invention could also be applied to inlet guide 

vanes of a gas turbine engine in which the angle of 
each vane is made variable. 

I claim: 
1. A heat exchange apparatus comprising two spaced 

apart members, a plurality of struts connecting said 
members together, a plurality of fluid ducts each extend 
ing along and being in heat exchange relationship with 
one of said struts, supply manifold means and exhaust 
manifold means provided on one of said members, both 
said manifold means communicating with said fluid ducts 
in succession, supply means connected to said Supply 
manifold means for Supplying thereto a pressure fluid at 
a temperature higher than that of said struts, said pres 
sure fluid flowing via said supply manifold means and 
said fluid ducts into the exhaust manifold means, the 
pressure fluid flowing in the supply manifold means con 
stituting an incoming pressure fluid stream and the pres 
sure fluid flowing in the exhaust manifold means con 
stituting an outgoing pressure fluid stream, said Supply 
manifold means and said exhaust manifold means ex 
tending together along a common length thereof, and 
having common wall means along said common length 
separating said incoming and outgoing pressure fluid 
streams, the sum of the cross-sectional area of the Supply 
manifold means through which said incoming pressure 
fluid stream flows and the cross-sectional area of the ex 
haust manifold means through which said outgoing pres 
sure fuid stream flows being substantially constant, said 
common wall means progressively diminishing the croSS 
sectional area of the supply manifold means through 
which said incoming pressure fluid stream flows, and 
simultaneously progressively increasing the cross-sectional 
area of the exhaust manifold means through which the 
outgoing pressure fluid stream flows considering the Sup 
ply and exhaust manifold means in the same direction 
along their common length, which direction is the direc 
tion of flow of said incoming and outgoing pressure fluid 
streams whereby the total pressure heads in said incom 
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ing and outgoing pressure fluid streams are maintained 
Substantially constant. 

2. A heat eXchange apparatus comprising two spaced 
apart members, a plurality of struts connecting said mem 
bers together, a plurality of fluid ducts each extending 
along and being in heat exchange relationship with one 
of said struts, Supply manifold means and exhaust mani 
fold means provided on one of said members, both said 
manifold means communicating with said fluid ducts in 
succession, supply means connected to said supply mani 
fold means for supplying thereto a pressure fluid at a 
temperature higher than that of said struts, said pressure 
fiuid flowing via said Supply manifold means and said 
fluid ducts into the exhaust manifold means, the pressure 
fluid flowing in the Supply manifold means constituting 
an incoming pressure fluid stream and the pressure fluid 
flowing in the exhaust manifold means constituting an 
outgoing pressure fluid stream, said supply manifold 
means and said exhaust manifold means being mounted 
one within the other with a space therebetween over a 
common length thereof, the inner one of said manifold 
means separating said incoming and outgoing pressure 
fluid streams, the cross-sectional area of the outer one 
of said manifold means being Substantially constant, and 
the inner one of said manifold means having a progressive 
ly varying cross-sectional area and progressively diminish 
ing the cross-sectional area of the Supply manifold means 
through which said incoming pressure fluid stream flows, 
and simultaneously progressively increasing the cross-sec 
tional area of the exhaust manifold means through which 
said outgoing pressure fluid stream flows, considering the 
supply and exhaust manifold means in the same direction 
along their common length, which direction is the direc 
tion of flow of said incoming and outgoing pressure fluid 
streams whereby the total pressure heads in said incom 
ing and outgoing pressure fluid streams are maintained 
substantially constant. 

3. A heat eXchange apparatus as claimed in claim 2. 
in which said fluid supply manifold means is disposed 
within said fluid exhaust manifold means. 

4. A heat eXchange apparatus as claimed in claim 3 in 
which said supply manifold means comprises a plurality 
of supply pipes each being in communication with a 
respective portion of succeeding ones of said fluid ducts, 
said supply means for supplying pressure fluid to said 
Supply manifold means being common to and communi 
cating with each of said supply pipes. 

5. A heat exchange apparatus comprising two spaced 
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apart members, a plurality of struts connecting said 
spaced apart members together, a plurality of fluid ducts 
each being in heat exchange relationship with one of said 
struts, fluid supply manifold means connected to said fluid 
ducts in Succession, Supply means connected to said fluid 
Supply manifold means for Supplying thereto a pressure 
fiuid at a temperature higher than that of said struts, fluid 
exhaust manifold means communicating with said fluid 
ducts in Succession, said fluid Supply manifold means and 
said fluid exhaust manifold means being mounted one 
within the other and defining a space therebetween, the 
fluid flowing from the fluid supply manifold means via 
the fluid ducts to said space, the inner one of said fluid 
manifold means having a diminishing total internal cross 
sectional area in a downstream direction of fluid flow 
therethrough, and said space between said manifold means 
having an increasing cross-sectional area in a downstream 
direction of fluid flow therethrough whereby total pressure 
heads in the inner one of said fluid manifold means and 
in said space are maintained substantially constant. 

6. A heat exchange apparatus as claimed in claim 5 
wherein the outer one of said fluid manifold means has a 
Substantially constant diameter throughout its length. 

7. A heat exchange apparatus as claimed in claim 5 
wherein each of said ducts is open ended and is mounted 
within the respective strut with a space therebetween, said 
ducts having fluid flowing therethrough in an opposite 
direction to direction of flow of fluid in the space be 
tween the ducts and their respective struts. 

8. A heat exchange apparatus as claimed in claim 7 in 
which the spaces between the struts and the fluid ducts 
adjacent the open ends of the fluid ducts intercommunicate 
with one another so as to permit the fluid pressures ad 
jacent said open ends to equalise. 

9. A heat eXchange apparatus as claimed in claim 5 
wherein said spaced apart members are annular and con 
centric with each other and define an annular air intake 
therebetween, said struts being disposed substantially tan 
gentially of the innermost of said spaced apart members, 
and wherein said fluid supply manifold means and said 
fluid exhaust manifold means are each arcuate. 
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