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(57) ABSTRACT 

A manifold mounting system for mounting an impingement 
cooling manifold to a casing of a turbine including a mount 
ing pin a?ixed to a shroud pin of the turbine Wherein the 
mounting pin extends through the impingement cooling 
manifold Wherein the mounting pin comprises a securing 
device operable for securing the mounting pin to the impinge 
ment cooling manifold, and a leveling support leg a?ixed to 
the impingement cooling manifold Wherein the mounting pin, 
securing device, and leveling support leg are operable for 
adjusting the gap distance between the impingement cooling 
manifold and the casing of the turbine. 
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MOUNTING SYSTEM FOR IMPINGEMENT 
COOLING MANIFOLD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a continuation-in-part of US. application 
Ser. No. 11/548,791, ?led Oct. 12, 2006, entitled “Turbine 
Case Impingement Cooling for Heavy Duty Gas Turbines” 
noW pending. That application is incorporated herein by ref 
erence. 

TECHNICAL FIELD 

[0002] This application relates generally to the ?eld of 
impingement cooling manifolds for heavy-duty turbines and 
more particularly to mounting systems for impingement cool 
ing manifolds for heavy-duty turbines. 

BACKGROUND OF THE INVENTION 

[0003] Air impingement cooling has been used to manage 
the casing temperature of small gas turbines and to reduce and 
maintain the clearances betWeen rotating blades and accom 
panying interior casing surfaces. One problem for air 
impingement cooling systems on heavy-duty gas turbines is 
the ability to achieve a uniform heat transfer coef?cient across 
large non-uniform non-standard casing surfaces. On small 
gas turbines, small impingement holes and short noZZle to 
surface distances are normally applied. These factors produce 
the required higher heat transfer coef?cients on the casing. 
One detrimental impact of applying small of impingement 
cooling holes is the need for operating With high differential 
pressure drop across the holes. This results in the requirement 
for undesirable high cooling air supply pres sures Which nega 
tively impacts net e?iciency. 
[0004] Impingement cooling has been applied to aircraft 
engines as a method of turbine clearance control. HoWever, 
the impingement systems used on aircraft engines cannot be 
used in heavy-duty turbine applications. The systems applied 
to aircraft engines utiliZe air extracted from the compressor as 
the cooling medium. It is not feasible to use compressor 
extraction air on heavy-duty gas turbines because the design 
heat transfer coef?cients require cooler air temperatures. 
Heavy-duty gas turbines have a signi?cantly larger, non-uni 
form casing surface that requires an intricate manifold design 
as compared to aircraft engines. Also, the casing thickness 
and casing thickness variations are considerably greater on 
heavy-duty gas turbines. 
[0005] Accordingly, there is a need in the art for a mounting 
system for impingement cooling manifolds on heavy-duty 
gas turbines. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] FIG. 1 is a cross-sectional vieW ofa heavy duty gas 
turbine according to the embodiment of the invention. 
[0007] FIG. 2 is a close-up vieW of the turbine blade to 
shroud clearance according to the embodiment of the inven 
tion. 
[0008] FIG. 3 is an impingement cooling system according 
to the embodiment of the invention. 
[0009] FIG. 4 is a perspective vieW of a impingement cool 
ing manifold attached to a casing of a turbine according to the 
embodiment of the invention. 
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[0010] FIG. 5 is a cross-sectional vieW of a impingement 
cooling manifold attached to a casing of a turbine according 
to the embodiment of the invention. 
[0011] FIG. 6 is a perspective vieW of a plurality of shroud 
pins and mounting pins according to the embodiment of the 
invention. 
[0012] FIG. 7 is a side vieW of a mounting pin attached to a 
shroud pin according to the embodiment of the invention. 
[0013] FIG. 8 is a perspective vieW of a leveling support leg 
according to the embodiment of the invention. 
[0014] FIG. 9 is a perspective vieW of a mounting system 
attached to an impingement cooling manifold according to 
the embodiment of the invention. 
[0015] FIG. 10 is a perspective vieW of an impingement 
cooling manifold attached to a casing of a turbine using a 
mounting system according to the embodiment of the inven 
tion. 

DETAILED DESCRIPTION OF THE INVENTION 

[0016] The present invention noW Will be described more 
fully hereinafter With reference to the accompanying draW 
ings, in Which exemplary embodiments of the invention are 
shoWn. This invention may, hoWever, be embodied in many 
different forms and should not be construed as being limited 
to the embodiments set forth herein; rather, these embodi 
ments are provided so that this disclosure Will be thorough 
and complete, and Will convey the scope of the invention to 
those skilled in the art. 
[0017] FIG. 1 illustrates an exemplary embodiment of a 
heavy-duty turbine 110. The heavy-duty turbine engine 
includes a compressor section 112, combustor section 114, 
and a turbine section 116. The turbine 110 also includes a 
compressor casing 118 and a turbine casing 120. The turbine 
and compressor casings enclose major parts of the heavy 
duty turbine. The turbine section 116 includes a shaft and a 
plurality of sets of rotating and stationary turbine blades. 
[0018] Referring to FIGS. 1 and 2, the turbine casing 120 
may include a shroud 126 a?ixed to the interior surface of the 
casing 120. The shroud 126 may be positioned proximate to 
blade tips 123 of the rotating turbine blades 122 to minimize 
air leakage past the blade tip 123. The distance betWeen the 
blade tip 123 and the shroud 126 is referred to as the clearance 
128. It is noted that the clearances 128 of each turbine stage 
are not consistent due to the different thermal groWth charac 
teristics of the blades and casing. 
[0019] A key contributor in the e?iciency of heavy-duty gas 
turbines is the amount of air/exhaust gas leakage through the 
blade tip to casing clearance 128. Due to the different thermal 
groWth characteristics of the turbine blades 122 and turbine 
casing 120, clearances 128 signi?cantly change as the turbine 
transitions through transients from ignition to a base-load 
steady state condition. A clearance control system, including 
its operating sequence may be implemented to address the 
speci?c clearance characteristics during all operating condi 
tions. Incorrect design and/ or sequencing of the control sys 
tem may lead to excessive rubbing of the turbine blade 123 
tips With the casing shrouds 126, Which can result in increased 
clearances and reduced performance. 
[0020] As illustrated in the exemplary embodiment of FIG. 
3, an impingement air-cooling system 200 may be used to 
reduce and maintain the clearances betWeen the turbine 
shroud 126 and the accompanying blade tip 123. Referring to 
FIG. 3, the impingement air-cooling system 200 may include 
a bloWer 130, a How control damper 132, interconnect piping 
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134, a distribution header 136, ?oW metering valves or ori 
?ces 138 and into a series impingement cooling manifolds 
140. The impingement cooling manifold 140 is a?ixed to the 
turbine casing 120. In the exemplary embodiment of FIG. 3, 
a plurality of impingement manifolds 140 are af?xed about 
the circumference of the turbine casing 120. The impinge 
ment cooling bloWer 130 takes suction from ambient air and 
bloWs the air through the ?oW control damper 132, intercon 
nect piping 134, distribution header 13 6, ?oW metering valves 
or ori?ces 138 and into the impingement cooling manifolds 
140. The bloWer 130 may be any bloWing device including a 
fan or a jet. The impingement cooling manifold 140 insures a 
uniform heat transfer coe?icient is delivered to the turbine 
casing 120. It should be appreciated that the impingement 
air-cooling system is not limited to the components disclosed 
herein but may include any components that enables air to 
pass along the impingement cooling manifolds. 
[0021] Referring to the exemplary embodiment illustrated 
in FIGS. 5 and 9, the impingement cooling manifolds 140 
may be designed to the contours of the target area of the 
turbine casing 120. Each impingement cooling manifold 140 
may include an upper plate 142 With feed pipe 144, a loWer 
plate 146 With multiple impingement holes 148, side pieces, 
leveling support legs 170 and mounting pins 150. The 
impingement holes 148 permit the air to ?oW from the 
impingement cooling manifold to the turbine casing to selec 
tively cool the turbine casing. 
[0022] The impingement holes 148 may be positioned in an 
array. In an exemplary embodiment, the impingement holes 
148 may be spaced in the range from 1.25 to 2.5 inches. In an 
exemplary embodiment, the individual impingement holes 
148 may be siZed betWeen 0.12 and 0.2 inches. The varying 
hole siZes and spacing are required to compensate for the 
non-uniformity of the turbine casing geometry. The siZe and 
positioning of the impingement holes 148 on the loWer plate 
146 produce a uniform heat transfer coef?cient across the 
casing targeted by the impingement air-cooling system. HoW 
ever, the impingement holes are not limited to these siZes or 
spacings. The distance betWeen the upper 142 and loWer 
plates 146 also may be dimensioned to minimiZe internal 
pressure variations, Which results in uniform cooling hole 
pressure ratios. 
[0023] The gap distance 147 betWeen impingement cooling 
manifold loWer plates 146 and the turbine casing 120 effects 
the heat transfer coe?icient. Too large of a gap distance 147 
can result in a non-optimum heat transfer coef?cient. Too 
little of a gap distance 147 can result in both non-optimum 
and a non-uniform heat transfer coe?icient. In an exemplary 
embodiment, a gap of betWeen 0.5 and 1.0 inch provides a 
suitable heat transfer coe?icient. HoWever, the gap distance 
147 in not limited to this range and may be any distance that 
provides a suitable heat transfer coe?icient. 
[0024] An exemplary embodiment may include a plurality 
of impingement cooling manifolds 140. The plurality of 
impingement cooling manifolds 140 may be af?xed to the 
casing 120 of the turbine directly above target cooling area. 
The impingement cooling manifolds 140 may be positioned 
such that there is ample spacing betWeen their edges and any 
protrusions off of the casing. The spacing provides a free path 
for the air passing through the impingement holes 148 to 
exhaust from under the impingement cooling manifold 140 to 
the environment. In an exemplary embodiment, the spacing 
betWeen tWo adjacent impingement cooling manifolds may 
be betWeen 1 to 30 inches and is dependent on casing protru 
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sions and ?anged joints. The spacing are not limited to these 
dimensions and may be at any suitable distance. The impinge 
ment cooling manifolds 140 also may provide impingement 
cooling to any of the axial ?anges, including a horizontal split 
joint. 

Mounting the Manifolds 

[0025] The manifold 140 may be mounted to the casing 120 
of the turbine Without machining the casing 120. The mani 
fold 140 should maintain a substantially uniform distance 
from the casing 120 across the entire surface of the manifold 
140 for the most ef?cient and productive air ?oW across the 
casing 120. HoWever, turbine casings 120 from unit to unit 
have Wide variations in geometries. FIGS. 5-10 illustrate 
exemplary embodiments of the mounting system to account 
for the variation in turbine geometries Without machining the 
turbine. 
[0026] FIG. 5 is an exemplary embodiment of the mounting 
system including at least one mounting pin and at least one 
leveling support leg. The at least one mounting pin 150 may 
be used to mount the manifold 140 to the casing 120 and 
modify the gap distance 147. The mounting pin 150 may be 
a?ixed to a shroud pin 155 located on the casing 120. As 
illustrated in the exemplary embodiment of FIG. 6, the shroud 
pin 155 extends from the casing 120 of the turbine outWard. 
The mounting pin 150 provides extra length to the shroud pin 
155 to permit the manifold 140 to be mounted thereon. A 
securing device 160 may a?ix the mounting pin 150 to the 
manifold 140. In an exemplary embodiment, the securing 
device includes a setting nut 165 a?ixed toWards the distal end 
of the mounting pin 150. FIG. 7 illustrates an exemplary 
embodiment of a mounting pin 150 a?ixed to a shroud pin 
155. It should be appreciated that af?xation of the mounting 
pin to the shroud pin may include the mounting pin being an 
extension of or incorporated into the shroud pin. 
[0027] As shoWn in the exemplary embodiment of FIG. 5, 
the mounting pin 150 extends through a hole on the manifold 
140 such that the manifold 140 may rest upon the setting nut 
165. The setting nut 165 may be tightened or loosened to 
adjust the gap distance 147 betWeen the manifold 140 and the 
casing 120 proximate to the mounting pin. A securing nut 167 
may be a?ixed to the proximate end of the mounting pin 150 
to secure the manifold 140 to the setting nut 165 of the 
mounting pin 150. One of ordinary skill in the art Will appre 
ciate that the securing device is not limited to the use of setting 
nuts and may include any means of adjusting the distance 
betWeen the manifold 140 and the casing 120 including but 
not limited to setting pins, clips, or any other device. 
[0028] The mounting system also may include at least one 
leveling support leg 170 to adjust the manifold 140 to create 
a substantially uniform gap distance 147 betWeen the casing 
120 and the manifold 140. The leveling support leg 170 may 
be a?ixed to the manifold 140 and positioned against the 
casing 120. The leveling support leg 170 may be positioned at 
any location on the manifold 140. In an exemplary embodi 
ment, the at least one leveling support leg 170 may be posi 
tioned near the perimeter of the manifold 140 . As shoWn in the 
exemplary embodiment of FIG. 8, the leveling support leg 
170 may include a leveling screW 172 and leveling nut 174 
that may a?ix the leveling support leg 170 to a support ?ange 
176 that may be attached to the manifold loWer plate 146. The 
leveling screW 172 may be used to adjust the distance betWeen 
the manifold 140 and the casing 120 at the location of the 
leveling support leg. One of ordinary skill in the art Will 
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appreciate that the leveling support legs 170 are not limited to 
the use of leveling screws 172 and leveling nuts 174 but may 
implement any device that Will assist in the adjusting of the 
gap distance 147 betWeen the manifold 140 and the casing 
120 proximate to the leveling support leg. 
[0029] FIG. 9 illustrates an exemplary embodiment of the 
mounting system attached to the manifold 140 prior to being 
a?ixed to the casing 120. It should be appreciated that the 
mounting system does not have to be attached to the manifold 
prior to af?xation to the casing. For example, the mounting 
pins 150 may be a?ixed to the shroud pins 155 prior to 
attachment to the manifold 140. 
[0030] FIG. 5 illustrates an exemplary embodiment of the 
mounting pins 150 and the leveling support legs 170 of the 
mounting system a?ixed to the casing 120 of the turbine. As 
shoWn in FIG. 5, the casing 120 may not be uniform. There 
fore, the gap distance 147 may not be uniform across the 
surface of the manifold 140. To adjust the gap distance 147, 
the mounting pin 150 and leveling support leg 170 may be 
independently adjusted to set the gap distance 147 betWeen 
the manifold 140 and casing 120 proximate to each respective 
mounting pin 150 or leveling support leg 170. In the exem 
plary embodiment of FIG. 5 for example, the mounting pin 
adjusts a middle portion of the manifold 140 and the plurality 
of leveling support legs 170 adjusts a perimeter of the mani 
fold 140. 
[0031] A plurality of mounting pins 150 and a plurality of 
leveling support legs 170 may be included to mount a mani 
fold 140 and set the gap distance 147. In the exemplary 
embodiment of FIG. 10 for example, the mounting system 
includes tWo mounting pins 150 positioned in middle por 
tions of the manifold 140 and four leveling support legs 170 
positioned at the perimeter of the manifold 140. It should be 
appreciated that the mounting system may include any num 
ber of mounting pins 150 and leveling support legs 170 and is 
not limited to the embodiment illustrated in FIG. 10. 
[0032] Many modi?cations and other embodiments of the 
invention Will come to mind to one skilled in the art to Which 
this invention pertains having the bene?t of the teachings 
presented in the foregoing descriptions and the associated 
draWings. Therefore, it is to be understood that the invention 
is not to be limited to the speci?c embodiments disclosed and 
that modi?cations and other embodiments are intended to be 
included Within the scope of the appended claims. Although 
speci?c terms are employed herein, they are used in generic 
and descriptive sense only and not for purposes of limitation. 

We claim: 
1. A manifold mounting system for mounting an impinge 

ment cooling manifold to a casing of a turbine comprising: 
a mounting pin a?ixed to a shroud pin of the turbine 

Wherein the mounting pin extends through the impinge 
ment cooling manifold Wherein the mounting pin com 
prises a securing device operable for securing the 
mounting pin to the impingement cooling manifold; and 
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a leveling support leg a?ixed to the impingement cooling 
manifold Wherein the mounting pin, securing device, 
and leveling support leg are operable for adjusting the 
gap distance betWeen the impingement cooling mani 
fold and the casing of the turbine. 

2. The system of claim 1 Wherein the securing device 
comprises a setting nut to adjust the gap distance betWeen the 
impingement cooling manifold and the casing of the turbine. 

3. The system of claim 1 Wherein the leveling support leg 
comprises a leveling screW and a leveling nut. 

4. The system of claim 1 Wherein the leveling support leg is 
a?ixed to a ?ange of the impingement cooling manifold. 

5. The system of claim 1 comprising a plurality of mount 
ing pins and a plurality of leveling support legs. 

6. A mounting system for an impingement cooling mani 
fold cooling system for heavy duty turbines comprising: 

an impingement cooling manifold a?ixed to a casing of the 
turbine, Wherein the impingement cooling manifold 
comprises a plurality of impingement holes in the sur 
face of the impingement cooling manifold; 

a bloWer that provides air ?oW across the plurality of 
impingement holes of the impingement cooling mani 
fold to cool the casing of the heavy-duty turbine to 
control the clearance betWeen a tip of a turbine blade and 
a shroud of the heavy-duty turbine; 

a mounting pin a?ixed to a shroud pin of the turbine 
Wherein the mounting pin extends through the impinge 
ment cooling manifold Wherein the mounting pin com 
prises a securing device operable for securing the 
mounting pin to the impingement cooling manifold; and 

a leveling support leg a?ixed to the impingement cooling 
manifold Wherein the mounting pin, securing device, 
and leveling support leg are operable for adjusting the 
gap distance betWeen the impingement cooling mani 
fold and the casing of the turbine. 

7. A method for mounting an impingement cooling mani 
fold system to a casing of a turbine comprising: 

af?xing a mounting pin to an existing shroud pin of the 
turbine Wherein the mounting pin extends through the 
impingement cooling manifold; 

securing the impingement cooling manifold to the mount 
ing pin Wherein the mounting pin comprises a securing 
device operable to adjust a gap distance betWeen the 
impingement cooling manifold and the casing of the 
turbine; and 

af?xing a leveling support leg to the impingement cooling 
manifold operable to adjust the gap distance betWeen the 
impingement cooling manifold and the casing of the 
turbine. 

8. The method of claim 7 further comprising: 
adjusting the gap distance betWeen the impingement cool 

ing manifold and the casing of the turbine using the 
mounting pin, securing device of the mounting pin, and/ 
or the leveling support legs. 

* * * * * 


