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2,946,185 
FUEL-AIR MANIFOLD FOR AN AFTERBURNER 

Frank C. Bayer, Euclid, Ohio, assignor to Thompson 
Rarno Wooldridge Inc, a corporation of Ohio 

Filed Oct. 29, 1953, Ser. No. 389,083 

2 Claims. (Cl. 60-356) 

The present invention relates to an air atomizing fuel 
nozzle assembly and method of fuel distribution thereto. 
More particularly, the present invention relates to an after 
burner fuel nozzle assembly for jet engines and the like 
and a method of maintaining substantially equal fuel 
pressure and ?ow to the plurality of nozzles in the as 
sembly. ‘ 

It is well known in the art that the performance factors 
generally and the thrust forces speci?cally ‘generated by 
jet type engines are greatly enhanced and improved by 
the inclusion of an after burner or the like in the exhaust 
area or chamber of the jet type engine mechanism. 
Heretofore, numerous types of after-burner constructions 
and assemblies have been developed in attempts to supply 
the obvious demand therefor. Most common among the 
heretofore known types of after-burners include simple 
spray nozzles for ejecting fuel into the exhaust stream. 
This type of nozzle, although frequently considered to 
be one of the better of the heretofore known types of 
nozzles, had many limitations and difficulties resulting 
in rather poor after burning effects and heavy fuel con 
sumption. 
When arranged circularly within the propulsion exhaust 

chamber and with a common fuel manifold, the simple 
nozzles were subject to widely varying fuel distribution. 
Due to gravitational elfects on the fuel, fuel ?ow dif 
ferences between top and bottom nozzles often attained 
a value of about 50% of the average fuel ?ow. This 
resulted in a fuel distribution ranging within 125% of 
the average ?ow; this problem was particularly acute at 
low fuel ?ow rates. 
Another problem existing with heretofore known types 

of after burner nozzles at low fuel flow rates was the 
failure of the nozzles to properly atomize the fuel as it 
was ejected into the propulsion exhaust stream. Most 
frequently, the fuel ejected had a bubble type charac 
teristic rather than an atomized or fog type characteristic. 
Still another di?iculty obtaining with the employment of 
heretofore known types of nozzles resulted from improper 
fuel mixing and distribution into the propulsion exhaust 
stream. 
By the principles of the apparatus and method of the 

present invention the above problems and di?iculties resi 
dent in heretofore known types of after-burners and after 
burning methods are obviated and the effects thereof are 
substantially prevented. It is an important feature of the 
present invention to uniformly distribute fuel to a plu 
rality of after burner nozzles, having a common fuel mani 
fold, in such a manner that fuel distribution may be main 
tained within the close range of about i10% to 12% of 
the average weight rate of fuel ?ow. 

It is therefore, an important object of the present in 
vention to provide a method of fuel distribution to a 
plurality of arcuately arranged after burner nozzles hav 
ing a common fuel manifold by supplying both fuel and 
atomizing air to a mixing chamber or the like within 
each nozzle. 

It is another important object of the present invention 
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to provide a method of fuel distribution for attaining 
substantially equal fuel distribution to a plurality of noz 
zles provided with a common fuel manifold and arranged 
at normally different altitudes between nozzles, by sup 
plementing the fuel supply to the nozzles with atomizing 
air supplied to the nozzle. . 

Still another important object of the present invention 
is to provide a method of improving the fuel pressure 
drop versus fuel flow rate characteristic for fuel nozzles 
operable at lower fuel rates by simultaneously supplying 
fuel and atomizing air to the nozzles. 

Fuel pressure drop versus fuel ?ow rate characteris 
tics for heretofore known types of fuel nozzles and par 
ticularly after-burner nozzles for jet type engines and 
the like, had generally parabolic plots which opened in 
the direction of increasing pressure drop across the noz 
zle. These parabolic characteristics readily indicated that 
at low weight of fuel ?ow rate, extremely poor operating 
conditions obtained. By the present invention, however, 
the stated characteristics, and therefore the operational 
characteristics, are improved and particularly improved 
at low rate of fuel ?ow rates. By improving the pressure 
drop versus fuel flow characteristics in the low fuel flow 
range the elevational differences between several nozzles 
of an after burner assembly have a reduced effect on fuel 
distribution among the nozzles connected to a common 
fuel manifold. 
Another important object of the present invention is 

to provide a method for proper atomization of the fuel, 
particularly at low fuel flow rates, by supplementing the 
fuel supply to after burner nozzles with atomizing air. 
Heretofore known after burner nozzles and the like had 
poor low fuel ?ow rate atomization since this feature 
of those types of nozzles was governed primarily by the 
maximum pressure drop limitations in the desired ?ow 
range. By the present invention, however, these limita 
tions and factors are removed as governing qualities. 

That is, in accordance with the principles of the present 
invention, maximum fuel pressure drop limitations in the 
desired ?ow range do not critically control the low flow 
atomization. 
Another important object of the present invention is 

to provide an after burner vassembly for a jet engine or 
the like having a main burning chamber, a rotary com 
pressor supplying air to said chamber, a turbine driven 
by exhaust from said chamber and an arcuate sub 
stantially right conical, toroidal propulsion exhaust 
chamber, comprising, a double manifold ring positioned 
coaxially in the exhaust chamber, a fuel manifold cir 
cumferentially within the ring, an air manifold circum 
ferentially within the ring and axially displaced from 
fuel manifold, a ?rst plurality of apertures in a rear 
wardly transverse face of the ring communicating with 
the air manifold, an equal plurality of said apertures 
coaxial with said ?rst plurality of apertures respectively 
and extending from the air manifold to the fuel mani 
fold, and an equal plurality of nozzle structures having 
substantially cylindrical bodies respectively extending 
through said ?rst apertures and threadably engaging said 
second apertures sealingly separating the air manifold 
and the fuel manifold, a mixing chamber in each of 
said nozzle bodies, a fuel passage in each of the nozzle 
bodies extending from the fuel manifold to the mixing 
chamber, a plurality of ori?ces in each of the nozzle 
bodies communicating the air manifold with the mixing 
chambers respectively, and ori?ced nozzle heads ter 
minating each of the mixing chambers, respectively, fuel 
supply means to convey fuel to the fuel manifold, and 
an air supply means to convey air to the air manifold 
from the compressor. 

Still another object of the present invention is to pro 
vide an after burner manifold ring for a plurality of after 
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burner fuel nozzles and having a common fuel manifold 
for the several nozzles and a common ‘air manifold'for 
the several nozzles. 

Still another object of the present invention is to pro 
vide an after burner fuel nozzle or the like‘with fuel 
inlet means and air inlet means whereby 'atomizmg air 
may enter vinto a mixing chamber within the ‘nozzle. 

Still another ‘object ‘of the present invention is to pro 
vide an after burner assembly ‘of arcuate con?guration 
for proper incorporation into the propulsion exhaust 
chamber of a jet engine ‘or the like and having a fuel 
manifold and .an air manifold ‘therein separated by ‘a 
partition wall ‘and ‘a plurality ‘of after “burner nozzles 
‘each including a fuel tube ‘extending into the ‘fuel mani 
fold and ori?ces communicating the interior ‘of the noz 
zle‘with ‘the air manifold whereby'fuel and atomizing 
air may ‘simultaneously enter into a mixing ‘chamber 
‘within ‘the nozzles ‘respectively. 

Still’another object of the'present invention is to‘pro 
vide a new and improved nozzle structure for after 
‘burners or'the like, the nozzle including a mixing cham 
vber,/a ‘fuel tube communicating with said mixing cham 
ber, atomizing ‘air ori?ces communicating with said mix 
ing chamber, and a nozzle head terminating one end of 
the‘mixing chamber and provided with proper ori?ces 
for atomizing expulsion of the fuel=air mixture in the 
mixing chamber. 

Still another object of the present invention is to pro 
vide ‘an ‘after burner assembly wherein a plurality of 
after burner nozzles are properly positioned at relatively 
different elevations by a double manifold ring and means 
‘areprovided for simultaneously admitting the'fuel and 
‘atomizing air to the nozzles to improve the‘operational 
characteristics thereof and further to maintain proper 
fuel distribution thereto within a pro-selected range of 
the average fuel ?ow. 

Still other objects, features and advantages of the 
present invention will readily present themselves from 
the following detailed description of the principles of the 
present invention, and a preferred embodiment thereof, 
from the claims, and from the accompanying ?gures of 
drawing, wherein likevreference numerals refer to like 
parts, and wherein: 

Figure 1 is a more or less schematic, longitudinal 
sectional elevational view through a jet-type engine 
equipped with an after burner assembly ‘in accordance 
with the principles of thepresent invention; 
‘Figure '2 is a rear end view of the after ~burner as 

sembly of Figure 1; 
‘Figure ‘3 is'an enlarged sectional view through the 

double ring manifold and nozzle construction‘ ‘taken 
substantially along the line III-III‘ of Figure 2; ' 
Figure 4 is an exploded, fragmentary longitudinal 

sectional assembly view of the body andhead portion 
‘of the nozzle "structure; 

Figure 5 is a head-end elevational view of an indi 
vidual ‘nozzle and ‘a fragmentary ‘portion ‘of the'mani 
fold ring; , 

Figure 6 is a ‘graphic illustration of a family of char~ 
acteristic curves, for after burner assemblies ‘embody 
ing the principles of the present invention, showing the 
fuel pressure drop versus fuel flow rate ‘fore-various 
speci?ed ‘atomizing air pressure drops; 

Figure 71's a‘ graphic illustration of the same family 
of curves as those of Figure 6, but is 'lim'ited'to therlow 
fuel'?ow rate range thereof and is =expanded'toemore 
clearly 'iillustrate these characteristics in the low fuel 
‘flow rate range; and, 

Figure 8 is a graphic illustration of a family ‘of char 
acteristic curves showing the atomizinglair ‘?ow ‘rate 
‘plotted againstv fuel ?ow rate for varying atomizing’air 
pressure ‘drops in after burner assemblies incorporating 
the‘ principles of the present‘invention. 

There is schematically illustratcd'in‘Figure:1, .a'jet 
‘type 'engine mechanismi'IO, ‘having housing *orrcasing' 11 
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of substantially teardrop external con?guration. The 
‘housing 11, is ‘axially ‘hollowed with an enlarged "air 
entrance at its forward or front end ‘12, thereafter taper 
ing to an exhaust-nozzle-like rear end 13. Both the 
front or intake end 12 and the exhaust end 13, of the 
housing 11, have substantially smooth curved edges 14 
15 respectively. A nose bell .16, of substantially semi 
spherical con?guration is positioned coaxially Within the 
housing .11, preferably so that it is intersected ;b_ythe 
plane of the leading edge ‘14, at the intake end 12, of the 
engine 110. 
The intake end 12, preferably‘has a slightly ?ared 

mouth con?guration .internally‘ofthe housing 11, and 
together with the semi-spherical con?guration of the 
nose bell 16, gathers inlet ‘air and ‘directs the air into a 
rotary compressor, indicated generally at 17. The 
rotary compressor 17 has a substantially frusto-conical 
rotor body 18, carrying a plurality of rows or rings of 
air foil contoured b‘lades‘or ‘buckets ‘or vanes or the like 
‘19of diminishing lengths respectively from front to rear 
along'the compressor rotor 18. Successive rows or'rings 
of, rotor ‘compressor blades 19, are circumferentially 
disposed about the compressor rotor body 18,and spaced 
for angular ‘or rotary movement ‘between successive 
rings _or rows of the compressor stator blades 20, "?xed 
to the housing 11. The stator'compressor"blades 20 are 
also "of‘diminishing length ‘progressing rearwardly from 
the inlet to the'compressor and direct to the increasingly 
compressed air stream from one row or circumferential 
ring or ‘rotor blades 19, to the next row or circum 
ferential'ring thereof. 

High ‘pressure and ‘high temperature compressed "air 
from the compressor 17, leaves the compressor 1-7 to 
enter a‘plurality‘of combustion cans ‘21, forming a com 
bustion ~chamber, wherein fuel is supplied from main 
combustion fuel ejection nozzles 22. ‘The fuel may be 
supplied tothe combustion nozzles 22 in any particular 
desired :manner which herein is illustrated merely as a 
‘fuel line~ 23, having a control valve 24 therein operatively 
‘connected to a fuel control mechanism (not shown). 
Within the combustion cans 21, of the combustion cham 
ber the fuel from the nozzles 22 is ignited in the high 
pressure air from the compressor ‘18 so that the exhaust 
gases ‘and ?ames create extremely high pressure ‘and 
temperature ‘exhaust conditions. ‘ 

These extremely high temperature conditions of exhaust 
gases and ?ames from the combustion cans 21, of the 

- ‘main combustion chamber'are exhausted from the'cans 

50 

55 

60 

65 

70 

75 

through combustion chamber exhaust nozzles or outlet 
ports :25 andrdirected against a “turbine diaphragm” '26, 
comprised of air-foil turbine blades or buckets or vanes 
“or the like ?xed to the housing 1-1 to form a stator “noz 
zle,” thereby directing the exhaust fumes and ?ames 
against a'ring on row of turbine rotor blades or buckets 
:or ‘vanes'27 which are rotatably or angularly driven there 
'by. The turbine rotor blades27 are ?xed to a turbine 
rotor ‘28 which is drivingly connected to a rotorshaft 29, 
‘coaxially supported by appropriate hearings or the like 
(not shown) within the housing 111, for driving the com 
pressor'rotor. 18 which istalso a?xed to the shaft'29. 
Following the turbine stage, the exhaust fumes and 

‘?ames enter an exhaust or propulsion afterburner cham 
ber, indicated generally at 30, having a generally toroidal 
con?guration. limited or walled by the substantially coni 
cal interior of the housing 11 .‘as the external surface of 
'the‘exhaust chamber in .this area, and by a nozzle cone or 
'the'like'SLas vthe interior surface of this toroidal exhaust 
‘nozzle chamber. The high temperature and high pressure 
gases and fumes are, of course, propulsion exhausted 
through the'housing aperture, jet orv nozzle 13 at the 
trailing edge'of '15 of the jet engine. 

'Most‘frequentlythere is ‘a surplus of air or oxygen 
‘inpthe' exhaust gasesand fumes. ‘To remedy this difficulty 
'and‘thereby substantially increase both ‘the e?iciency of 
the jet engine and the thrust forces generated 'ther'eby,.- an 



FL/ ‘, 

2,946,185 
U 

after burner or the like is positioned at some pro-selected 
place in the exhaust chamber. A properly operating after 
burner serves to eject additional fuel into the exhaust 
gases thereby burning in the surplus air or oxygen to 
raise the temperatures and pressures of the exhaust fumes. 

In accordance with the principles of the present inven 
tion the after burner assembly 32 is formed with a plural 
ity of nozzles 33 arranged in ring form or circular form 
coaxial with the engine housing 11 and nozzle cone 31 
etc., and immediately forward from the apex 34 of the 
nozzle cone 31 in the toroidal propulsion exhaust cham 
ber 30. The several exhaust nozzles 33 are assembled 
with a utilized double manifold ring 35 secured in the 
described position by any convenient means (not shown) 
so that the nozzles 33 face rearwardly of the jet engine 
or toward the propulsion exhaust nozzle 13. 
The double manifold ring 35 has a pair of circumferen 

tial, axially displaced, separated cavities 36 and 37. The 
forwardmost chamber 36 serves as a common fuel mani 
fold for the several ‘after burner nozzles 33 and is sep 
arated from the rearwardmost chamber 37 by a partition 
wall 38 so that the chamber 37 may be operative as a com 
mon air manifold for air intake to the several nozzles 33. 
‘Fuel is supplied to the common fuel manifold 36 in the 
double ring manifold 35 ‘from the fuel line 39 (Figure 1) 
connected to the common fuel supply through an after 
burner fuel control valve 4t} connected to a fuel control 
(not shown) in any convenient manner. The common air 
manifold chamber 37 of the double manifold ring 35 is 
supplied with air from the compressor 17, preferably at 
the trailing end thereof, via an air supply line 41 supply 
ing air to the manifold 37 at fairly high pressures and tem 
peratures through an air control valve or the like 42 
coupled in any convenient manner to an air cnotrol (not 
shown) but as indicated. 
The double manifold ring 35 has a pair of coaxial or 

concentric inner and outer annular walls, cylindrical ring 
members, or annuluses 43 and 44 respectively joined by a 
forward wall or ring 45 of solid construction and a rear 
ward wall or ring 46 also of solid construction except for 
a plurality of apertures 47 therein for passage of the 
appropriate portions of the individual nozzles 33 there 
through. The partition wall or ring 38' separates the in 
terior of the double manifold 35 into the common fuel 
manifold chamber 36 and the common air manifold 
chamber 37. An equal plurality of threaded apertures 48 
appears in the otherwise solid partition wall 38 for 
threaded reception of an appropriate portion of the 
nozzles 33, respectively. 
As best seen in Figures 3, 4 and 5, each of the nozzles 

33 has an axially hollow substantially cylindrical body 
49, one end of which comprises a fuel tube 50 extending 
through the air manifold 37 into the fuel manifold 36. 
The fuel tube 50 has a length which is about equal to 
the axial dimension of the air manifold 37 and the axial 
dimension of the partition wall 38. At the forward or 
fuel entrance end thereof the fuel tube has a roll threaded 
slightly increased diameter portion 51 for suitably engag 
ing threaded aperture 48 in the partition wall 38. Im 
mediately rearward of the threaded portion 51 the fuel 
tube 50 is provided with a circumferential shoulder ?ange 
52 for sealing engagement with the rearward face of the 

partition wall 38 upon threading the fuel tube into an 
aperture 48 thereby sealingly separating the fuel manifold 
36 from the air manifold 37. The seal is preferably 
either a metal to metal seal or a gasket seal. The metal 

_ to metal seal is preferred to a gasket seal by virtue of the 
high temperatures present at the double manifold ring. 
The nozzle body 49 has a substantially symmetrical 

axial hollow 53 therein coaxially mating with the longi 
tudinal passage 54 in the fuel tube 50 so that fuel flow 
passes from the common manifold 36 through the fuel 
tube passage 54 directly into the nozzle body hollow 53. 
The nozzle body hollow 53 has a substantially greater 
diameter than the diameter of the fuel tube passage 54 
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6 
and the outside diameter of the nozzle body 49 is greater 
than the outside diameter of the fuel tube ‘50. The junc 
tion between these two portions is preferably substantially 
frusto conical as indicated at 55, tapering in the direction 
of the fuel tube 5%. A pair of ori?ces 56 is drilled or the 
like through the frusto conical junction section 55 for com 
municating the air manifold 37 with the fuel body hollow 
53 which serves as a mixing chamber for fuel from the 
common manifold 36 and atomizing air from the common 
air manifold 37. 
The nozzle body 49 passes through an appropriate 

aperture 47 coaxial with the threaded aperture 48 into 
which the fuel tube 5% is threaded. Rearwardly from the 
rear wall 46 of the double manifold 35, the nozzles 33 
have enlarged outside diameters as at 57 wherein they are 
circumferentially splined as at 58 with the splines extend 
ing in an axial direction. The rearward end of the mixing 
chamber 53 of each of the nozzles 33 is terminated with 
a nozzle head 59 having a ?ange 6!} which seats in a 
counter bore 61 in the rearward end of the nozzle body 
49. A lip 62 about the counterbore at the rearward end 
of the nozzle body 49 is rolled or pressed over the ?ange 
6i} sealing and securing the nozzle head 53 to the body 49 
so that it terminates the mixing chamber 53. 
The nozzle head 59 has a preferably slightly frusto 

conical con?guration tapering rearwardly with a plurality 
of nozzle ori?ces 63 communicating the mixing chamber 
53 with the toroidal exhaust chamber 30 of the jet engine 
10. The nozzle ori?ces 63 are provided through the 
tapering frusto conical wall section of the ?at faced nozzle 
head 59, so that the atomized fuel passing therethrough 
is given a conical spray con?guration for better mixing 
with the exhaust gases. The nozzle ori?ces 63 are prefer 
ably eight (8) in number and provided with half quadra 
ture spacing. 
The nozzle bodies 49 are also provided with a trans 

verse aperture or drill hole or the like 64 which does 
not communicate with the mixing chamber 53. This 
drill hole or aperture 64 is provided ‘for acceptance of 
a securing line or wire, 65 (Figures 2 and 5) which is 
run through the apertures 64 in each of the nozzles 33 
after the nozzles 33 are threaded into the threaded pas 
sage 48. The securing line or wire, etc. 65 passed 

' through the several apertures 64 for the several nozzles 33 
respectively prevents loosening of the nozzles 33 from 
the double manifold ring 35. 
The inter?t between nozzle body 49 and aperture 47 is 

a relatively precision ?t for the following reasons. It 
is important to obtain a substantially perfect seal be 
tween the fuel manifold 36 and the air manifold 37 by 
means of the metal to metal seal at shoulder 52. This 
being the case, the nozzle body and fuel tube are so 
formed that shoulder 52 will seat against the partition 38 
to prevent leakage of fuel from the fuel manifold into 
the air manifold. Slight air leakage from the air mani 
fold into the exhaust chamber is far less serious than an 
internal fuel leak. 

In actual practice it would be desirable to prevent air 
leakage from the air manifold 37 to the exhaust chamber 
30 through ‘the clearance along aperture 47 in order to 
minimize the quantity of atomizing air bled from the 
compressor of the engine. Although it is di?icuit to effect 
a perfect seal at aperture 137 while insuring a perfect seal 
at shoulder 52, a very good seal with almost negligible 
leakage is obtained by providing a close slip ?t of reason 
able length through aperture ‘47. This is a slip ?t for ease 
of assembly and a small clearance ?t for purposes of mini 
mizing air leakage. 
The provision of the atomizing air entry ports 56 for 

entry of atomizing air into the mixing chamber 53 forms 
an important feature of the present invention since 
through these means the method of the present invention 
for improving the fuel distribution to the several nozzles 
on the double manifold ring and improving the low fuel 
flow rate atomization and improving the pressure drop 
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:versus fuel ?ow characteristics, particularly in the JQW 
»range,.,_is accomplished. In addition to these features bet 
‘.ter?fuel-?ow rate control obtainsby applicafiQn of the 
iprinciples of the present invention. 

'"fiheetfect of “supplying air to the ‘nozzles is shown - 
inil’the families of ‘curves of Figures l6_a_nd 7. ,In these 
?gures-fuel pressure drop is plotted on the verticalaxis, 
in arbitrary units, against weight rate of vfuel flow on the 
;horigontalgaxis,,in arbitrary units. The family of curves 
of Figure 7 are an expansion of the family of curves 
iotifigure '6 in the low fuel ?ow rate region. 

The individual curves of Figures 6 and 7 are plotted at 
:Seleeted atomizing air pressure drops also measuredin 
arbitrary unitsllnder pro-selected conditions. 

-W;ith no; air?ow (atomizing ‘air pressure drops equal 
togzero) garnorrnal parabolic pressure drop versus fuel 
-flowgharacteristicresults. This normally parabolic pres 
;sureillop \fcrsus'rfuel ?ow characteristic is the one which 
qnormally obtains with simple spray nozzles, simple fuel 
ejeetion. nozzles, not provided with atomizingairninlets 
thereto; examination of the atomizing air ‘pressure drop 
equals zero curve, ‘shown by the dashed line in Figures ,6 
and 7, readily illustrates that very poor low fuel flow 
rate control _ is available. 
1911 the other hand, by adding atomizing air to the’ 

-.after burner nozzles the fuel pressure drop versus the 
1-fuel ?ow characteristics are greatly improved, particularly 

he low fuel flow rate region of operation and better 
¢.»low.~ftlel ?ow rate control is available. For example, it 
awillrbenoted that the characteristic curves, identi?ed by 
aternizing'air pressure drop equal to 10, 20, v40, 60, 80, 
159,180, open in the direction of increasing weight rate 

-of,,:fuel;?ow while the characteristic curve foratomizing 
..air_~.pr_essure drop equals zero opens in the direction of 
increasing fuel pressure drop. The variation between 
these curves in the low weight rate of fuel ?ow region of 
goperationis particularly noticeable from an examina 
_;tion of the family of curves of Figure 7 wherein it may 
vhes-seen that zero atomizing air pressure drop curve allows 
,fonpractically no control while the curves for air pres 
..smedrops equal to 10, 20, 40, and 80 permit a high 
degree of fuel flow rate control in this region. 
.Another important aspect of the present invention, re 

.sulting from supplementing the fuel ?ow with simul 
;,taneous passage of atomizing air to the after burner 
nozzles, is the improved fuel distribution to the several 
ringdisposed nozzles. A- preferred mounting for the 
;_,everal,..fllel nozzles and after burner assembly hasthe 
vnozzles mounted circularly in a vertical plane transverse 
jly through the toroidal exhaust chamber of the jet engine. 
Therefore, in normal ?ight or under normal operating 
conditions ‘there is an elevational difference betweeneach 
_of,;the~seyeral nozzles. This elevational difference ac~ 
;-_e,opunts;f_o_r;a fuel pressure difference which exists between 
each of the several nozzles. In numerous instances an 
'elevational difference equivalent to one unit offuel pres 
sure will result in a difference in fuel ?ow between top 
and bottomnozzles of about 50% of the average fuel 
flow rate {this condition exists frequently when simple 
type , nozzles are employed). Fuel distribution under 
these ‘conditions is then only within a range of about 
125% of the average fuel flow rate. 
By supplying atomizing air to the nozzles, in accordance 

with the principles of the present invention, the eleva 
tional differences are substantially lessened and obviated. 
Operating in accordance with the principles of the present 
invention with so little as an atomizing air pressure drop 
equal to ten units, the fuel difference between top and bot 
tom nozzles, due to the same elevational di?erences as set 

, forth ,above falls within a range of less than 22% of the 
, average fuel flow. Therefore, the fuel distribution as ef 
.,fected by supplying atomizing air to the nozzles falls 

. within agrange of less than about 11% of the average fuel 
flow for any nozzle in the ring. 

._§~Ihe family of curves of Figure 8 represent atomizing 
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8 
air flowversus fuelgliow characteristics with ‘weight-rate 
of latornizing air plotted increasingly along _.th_ei_vertigal 
Lewis and a weight rate of fuel ?ow plotted increa ' ‘ 
along the horizontal axis. The unitsfor these coordinates 
have'lbeen arbitrarily selected and the air temperature has 
been maintained'constant for all of the times‘. i The in 
divid'ualicurves represent‘ individual atomizing aifpres 
sure drops ranging from 10 to 1,80’units i'n'ithe same- man 
ner :asthe units selected for the individual'curv'e‘s'ofFig 
_ures >6 and 7. 

It will be readilyobserved from an examination of these 
curves that operational parameters, selected within the 
range bounded by the preferred maximum fuel flow ' ' ‘ ' 
and the preferred minimum fuel flow range, as ind , _ 
by the broken line curves on each of these ,?gu'r'esfthe 
weight rate of flow of atomizing air is preferably main 
tained within the range of less than about 10% pf the 
'weight rate vof fuel flow. These highly advantageous. re 
sults'may be obtained with air temperatures so low as 
about 60°F. ‘Since normal operating air temperaturesat 
the exit of the vcompressor stage of the jet engine‘are 
seldom less than about 500° F., or 600° Fg'ljit'lwilll be 
readilyrunderstood that under normal operating conditions 
the weight rate of atomizing air flow will be Within‘tlie 
range of less than about 5% of the weight rate‘of fuel 

v"Whenpreferred units for the several curves has all pres 
sure drops measured in pounds per square inch ‘(p.sli.) 
and weight rates of flow measured in pounds per hounlthe 
several farnilies of curves of Figures 6, 7 and swnrob 
tain withthe units marked thereon. The curves oftFig 
met}, with such units, are plotted for an air temperature 
of about 60° F. As stated, it will be understood that nor 
mal operating air temperature conditions'will correspond 
ingly change-the slopes of the curves. 

Thus, performing the method of the present invention 
of supplying atomizing air into the, after burner nozzles 
will substantially improve the operating characteristics’ of 
the jet engines generally and the after-burner speci?c-ally. 
Another important advantage of performing-this method 
resides in the low flow atomization of the fuel atthe after 
burner. With the simple type nozzle low ?ow ratefuel 
atomization is governed primarily by the maximum pres— 
sure drop limitation at the ?ow range. In accordance 
with the principles of the present invention, a low'?ow 
‘fuel rate atomization is substantially increased by- the effect 
of the simultaneous application of atomizing airintothe 
nozzle together withthe fuel passed into the nozzle. -1It is 
vunderstood,rof course, that improved atomization of the 
fuel increases the burning qualities thereof and thereby 
increases theneifect and the bene?ts to be obtained from an 
after burner, or for that matter, any fuel nozzle. ' ’ 

It will be understood that modi?cations andvariations 
maybe effected without departing from the .scope ofzthe 
novel concepts of the present invention. ' ' ' i 

I claim as my invention: 
1. In an afterburner apparatus for a gas turbinetpower 

plant having cylindrical casing structure de?ningane'x 
haust chamber terminating in an exhaust jet, for exhaust~ 

- ing hot gases from the gas turbine to the exhaust iet,;;the 
improvement of: an annular manifold ring Wholly._dis 
posed and mounted within said exhaustchamber in‘ radial 
ly spaced relation to said casing structure in a manner 
wherein exhaust gases may flow past the inner andouter 
periphery thereof, said ring havingseparate air andvfuel 
manifold passages therein; means'communicating said pas 
sages to sources of air and fuel respectively; and aseries 
of injector nozzles removably secured to said ring and 
having means therein communicating separately withytsaid 
passages for receiving unmixed air and fueltherefrom 
and for mixing air and fuel internally of the nozzles, said 
nozzles being operative to discharge the mixtureintothe 
exhaust chamber for combustion. 

- 2.‘ In an afterburner apparatus for a gas turbine power 
plant having cylindrical casingstructure de?ninglan ex 

-. hails; chamber terminating in an exhaust jet, .f°I.~§Kl!?lI1.$t 
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ing hot gases from the gas turbine to the exhaust jet, the 
improvement of: a double manifold ring entirely disposed 
and supported directly in said exhaust; a chamber in 
radially spaced relation to said casing structure; a fuel 
manifold circumferentially within said ring and connected 
to a fuel supply; an air manifold circumferentially within 
said ring and axially displaced from said fuel manifold 
and connected to an air supply; said air and fuel mani 
folds being each separately de?ned in part by portions of 
said ring, said portions being externally exposed to ex 
haust gases ?owing past both the inner and the outer pe 
n'pheries of said ring; said ring being provided with a plu 
rality of injector nozzles; each of said nozzles having 
means separately communicating with said passages for 
receiving air and fuel in an unmixed condition therefrom, 
and for mixing the same within the nozzle for discharge 
into the exhaust chamber for producing further combus 
tion in the exhaust chamber. 

10 
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