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1. 

The present invention relates to an improved 
apparatus for ascertaining and regulating de 
formation of the housing and rotor elements of 
an elastic fluid turbo-machine caused by unequal 
heat distribution with a view of maintaining 
minimum but accurate clearance between Sta 
tionary and running parts of the machine. 
The maintenance of the Smallest possible radial 

clearance is of decisive importance for a good 
efficiency in all turbines, in particular turbines 
with relatively small volumes of steam. The 
Smallest possible radial clearance of packings 
and blades is determined in all turbine models 
more or less enapirically, without it being always 
possible to avoid with certainty a radial brush 
ing between housing and rotor unless uneconomi 
cally large clearances are to be used. The brush 
ing of blades and packingS is often caused in 
that when Starting the cold machine, during 
load variations, and When stopping, rotor and 
housing do not expand in radial and axial direc 
tion (depending on the model) With the same 
Constant, So that enlargements or dangerous re 
ductions of the radial clearances may occur 
temporarily on the entire periphery. Also it is 
to be assumed and Sometimes to be inferred from 
observed brushing traces that, for example, the 
housings of axial turbines With horizontal partial 
flange do not remain sufficiently round when 
starting and during operation, whereby local 
brushing may be caused. Another very impor 
tant cause of brushing is that after a turbine 
has been disconnected from its Source of driving 
gaseous fluid, the temperature is not uniformly 
distributed between the under and upper parts 
due to stagnation or very low rate of flow of 
the driving fluid, the values being much higher 
in the upper part than in the lower part. This 
causes the housing and the stationary rotor to 
curve convexly toward the top, so that upon 
restarting, the blades or packings brush in the 
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lower part and the rotor runs unsteadily. In the 
rotor this curvature can be equalized by shaft 
rotating devices, but the housing remains curved, 
So that a brushing in the lower part is never 
theless frequently observed. 

It is known that for the equalization of the 
temperature, either the lower part of the hous 
ing is more strongly insulated or, when standing 
still, the lower part of the housing is heated 
additionally, or that the Steam or gas contained 
in the stationary turbine is circulated by special 
devices, for example fans. The main difficulty 
in maintaining and controlling the Smallest pos 
sible radial clearance consists in that an ac 
curate measurement of possible housing de 
formations in operation and when standing still 
With an accuracy of often less than 0.1 mm., 

45 

50 

55 

2 
which is necessary in consideration of the Small 
permissible radial clearances, is very difficult. 
It is known also how to control blade clearance 
during operation by special feeler pins or feeler 
levers which are installed in the housing and are 
brought to the rotor, whenever a measurerent 
is taken, until a slight brushing is perceptible. 
Particularly in turbines with high temperatures 
and high pressures this method is practically no 
longer applicable and moreover has the disad 
vantage that continuous control is not possible 
With it, especially since the feeler pins easily 
wear off if frequent measurements are taken. 
To avoid all these difficulties, according to the 

method of the present invention, to ascertain 
and regulate deformation of the housing and 
rotor of turbo-nachines caused by unequial heat 
distribution, there is conveyed to such a machine 
a current of a gaseous fluid which may be a 
vaporized liquid such as Steana or a, inorinally 
gaseous Substance Such aS air in Such a Way that 
deforation of the housing and rotor causes a 
pressure variation in the gas fiuid which can be 
used to indicate or regulate the deformation. It 
is also advantageous to use the pressure varia 
tion in the current of the gaseous fluid during 
operation or when the turbo-inachine is discon 
nected from itS Source of driving fluid in Order 
automatically to influence the deformation of 
the housing and of the 'otor measured at the 
nea,Suring point in Such sense as Wii graintain 
the radial blade clearance at a desired normal 
value. 
A device, likewise constituting the subject of 

the present invention, for carrying out, the 
method according to the invention is character 
ized by a measuring tube which is connected in 
the current of the gaseous fluid and which is 
installed in the housing of the turbo-nachine 
opposite a revolving surface of the rotor in such 
a way that One end constituting the ryouth is 
spaced at a Small distance from and confronts 
the revolving surface, its other end being pro 
vided with a throttle Orifice whose cross Section 
is approximately of the same size as the nean 
croSS Section of the gap between the mouth of 
the nea,Suring tube confronting the rotor and 
the revolving surface of the rotor, in Such a way 
that the pressure variation caused in the measur 
ing tube by the deformation of the housing and 
rotor can be used to indicate or respectively to 
regulate the deformation. 
The pressure variation caused in the Y&asur 

ing tube by the deformation of the housing and/ 
or rotor can advantageously be used also to actu 
ate a heating device for the lower part of the 
machine housing. Also, in turbo-machines 
equipped with shaft-rotating devices, when the 
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machine is disconected from its source of driving 
fiuid and the Shaft-rotating device is running, 
the preSSure variation caused in the measuring 
tube by the deformation of the housing may actu 
ate a valve, whereby a gaseous fluid of Suitable 
teinperature is conveyed to the interior of the 
turbo-machine in such a way that the amount 
thereof regulates the deformation of the hous 
ing. Also, under the same conditions as just de 
Scribed, a gaseous fluid of suitable temperature, 
whose quantity, automatically influenced by the 
measuring tube and the housing deformation, 
regulates the housing deformation, may be con 
veyed to the interior of the machine through the 
measuring tube itself. Finally, the arrangement 
may be made in Such a way that in the upper 
as well as in the lower part of the housing a 
measuring tube for each is installed, which tubes 
can be used jointly for a differential measure 
ment as well as separately for a neasurement of 
the upper and lower blade clearances. 

In the accoinpanying drawing Which illustrates 
one practical construction of a device by which 
the method can be performed and various appli 
cations thereof for regulating deformation: 

Fig. 1 is a view in vertical Section of the meas 
uring device as installed on a turbo-machine, 

Fig. 2 is a Schematic view which illustrates an 
application of the leaSuring device shown in 
Fig. 1. Wherein a gaseous fiuid. Such as fresh Stean 
under pressure or alternatively compressed air 
are utilized to ascertain and indicate defonnation 
in the machine; 

Fig. 3 shows an arrangement similar to fig. 2 
but wherein the pressure measuring device is 
connected to a stage of lower pressure; 

Fig. 4. illustrates schematically an application 
of the neasuring device to regulation of the cur. 
Vature of the losing When the turbo-nachine is 
disconnected from its source of hot, driving gase 
ous fiuid, by controlling its temperature, the inne 
diurn Sed for teiperature control being a heated 
gaseous fluid 

Fig. 5 shows an einbodiment similar to Fig. 4 
wherein the heating medium is an electric type 
heater element; and 

Fig. 6 shows another Schennatic arrangement 
employing two measuriig devices for a Seertain 
ing deformation of the machine at diametrally 
opposite points on the rotor in the upper and 
lower parts of the housing. 
With reference now to the drawing, and Fig. 1 

in particular, a cylindrical measuring tube hav 
ing a bore c of uniforin diameter is introduced 
from the exterior into the housing 2 of a turbo 
machine, for example between a series of guide 
blades or in other suitable interstices, so that its 
lower end or mouth Ed. facing the rotor 3 ap 
proaches radially a Suitable cylindrical Surface 
of the latter, for example the drum surface or 
the covering bands of a Series of moving blades 
4. The tube mouth a confronts the periphery 
of the rotor and is spaced from the same by a 
distance of about 0.5 nm. to 1.0 mm. 
Thirough a gas line 5 connected to the upper 

end b of the tube a gaseous fluid such as air or 
fresh Steam is introduced under constant pres 
Slie and flows into the tube through an Orifice 
6a in nozzle plate 6, the cross section f of orifice 
Gd being preferably substantially equal to the 
mean cross section is of the gap existing be 
tween the tube inputh g and the periphery of 
the rotor 3. That is, area f.sp is equal to the cir 
cunference of the bore of the tube mouth a 
multiplied by the mean distance from the mouth 
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4. 
to the rotor Surface. At a given pressure p1, at 
the gas line 5 side of nozzle 6 and a knoWin pres 
sure p2 in the respective turbine stage where 
the tube is located, the back pressure px in the 
tube between the lower end or mouth a and 
nozzle is is wholly dependent upon he radial 
clearance between housing and rotoir. In the 
lange in which the pressure iatio at the the 
mouth a is overcritical, pressure px is independ 
ent of the stage pressure p2, so that hei'e the ac 
curacy of measurement is especially great and 
the measurement especially simple. A ima:nona 
eter 3 connected into the pressure charrier por 
tion of tube intermediate nozzle and the lower 
end a measures the pressure px in this chamber 
portion of the tube and since such pressure var 
ies with the distance between tube end it and 
the face of rotor 3, the Scale on the na:Ometer 
can be calibrated to indicate radial ciearance 
between housing and rotor. 

in accordance With Fig. 2, the Sane fresh S3an 
as is used for driving the turbine can be conveyed 
to tube through valve , or alierinatively, SoYne 
other vaporous or gaseous Substance for eX2.11:ple 
air under constant pressure can be isd is to tube 
through valve 8, the two valves and 3 being 

of couise so arranged in the gaS Supply lines 3 
that, stealm or air can be admitted to the latter iri 
an alternative ranner. The arrange;iént of tube 

in the turbine is the Sarne as Showi in Fig. i. 
Manoineter 9, or any other like indicating 01' re 
cording device which nay be enployed in lieu 
thereof, will accordingly indicate every variation 
in pressure in tube and hence every waiiation 
in radial clearance between the lower end id of 
tube and the surface of rotor 3. 

Fig. 3 illustrates a slightly different embodi 
ment. jr Fig. 2, pressure g of the gaseous fluid 
at the gas inlet side of nozzie is higher than 
the stage pressure p2 existing in the turbine 
Where tube is located. In Fig. 3 however, Supply 
line leading to tube is con:lected to a Stage 
of constant pressure lower than pressule p2, 
which for example is constituted by a connection 
to a condensei 6 through valve . With the 
arrangenhent of Fig. 3, the easured pressure px 
Within tube Will ba Soisewhat dependent up inn 
the respective stage pressure p2 of the turbine, 
but in certain cases, this arraingement nay be ad 
vantageous. 

if it, is desired to autoriatically regulate the 
curvature of the upper part, 2d, of the turbine 
housing when the turbine is disconnected froin 
its Source of driving gaseous iuid, an arraige 
raent as shown in Fig. 4 raay be utilized. Riere 
the gas Supply line 5 to tube contains a branch 
line 5d leading to the interior of the upper part, 
Rol of the turbine housing. A valve 2 in the 
branch line 5d is controlled automatically in ac 
Cordance with the variation in pressure ps: in 
tube over a pressure responsive regulator to 
Convey into the upper housing part 2d, when the 
nachine is so disconnected, nore or less of a 
gaseous heating medium such as Stean at a Suit 
able temperature which functions to infillence 
the temperature distribution inside of the Rous 
ing. If, for example, in a turbine stage which 
during Operation has a temperature of about 
400° C., Steam of aidout 250° C. is introduced into 
the upper part 2ct of the housing through supply 
line Sct after disconnecting the turbine, and With 
the rotor Shaft rotating device 3 running. The 
hotter Steam Stagnating in the upper housing 
half 2d. is first cooled. If such cooling is insufi 
cient So that the upper housing part 2 cl continues 
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to curve convexly toward the top, the gap be 
tween tube end a and the surface of rotor 3 is 
enlarged thereby increasing the quantity of cool 
ing Steam. Conversely, the quantity of gooling 
Stean Will be automatically decreased when the 
Upper housing part a returns to the flat position 
Or even curves concavely. This method is espe 
cially Suitable for pre-connected turbines which 
are to be stopped for example only at night for 
a few hours. In these it will be advisable to close 
the Waste Steam valve and to convey steaim to 
the measuring device from the waste stearin line 
beyond this valve, which for exataple is provided 
from another still running pre-connected turbine 
With Stean of about 250 to 270 deg. C. The steam 
admitted through the measuring device then 
eScapes under a COrresponding pressure from the 
Stuffing boxes of the turbine. This method en 
ables an immediate restarting of the pre-con 
nected turbine after a stoppage of any desired 
length and with a minimum of energy losses and 
cost of operation. In the Fig. 4 arrangement, it 
Will also be noted that the gaseous fluid used for 
heating the upper part 2d of the housing also 
Serves as the pressure fiuid admitted to the in 
terior of tube for measuring purposes. 

Fig. 5 shows still another arrangement for reg 
ulating the state of curvature of the turbine 
housing with the turbine disconnected from its 
Source of driving fluid and the shaft rotating 
device running. Here an electrical heating unit 
f5 associated in heat transverse relation with the 
lower part 2b of the turbine housing is controlled 
by a regulator 3 responsive in accordance with 
the change in pressure px Within the pressure 
chamber of measuring tube . Regulator 3 ac 
tuates a Switch 4 connected in the electric power 
Supply line to heater 5 and the arrangement, is 
Such that heater 5 is connected whenever the 
measured preSSure px exceeds a preselected value 
and is disconnected whenever pressure px falls 
below Such value. The pressure fluid used in 
measurement of the pressure enters tube i 
through supply line 5 as before. 

In the arrangement illustrated in Fig. 6, not 
Only is a measuring unit f disposed in the upper 
half 2d of the turbine housing as in all the other 
embodiments but a Second such unit is also 
used, the latter being diametically opposite the 
measuring unit in the lower half 2b of the 
turbine housing. Measuring units and may 
be used independently, as shown, With the read 
ings being taken on manometers 9 and 9', respec 
tively or may be utilized together in Such man 
ner that the resultant regulatory action is made 
dependent upon the pressure differential between 
the two units. 
In conclusion, it will now be apparent that the 

method and aSSOciated apparatuS Which has been 
described enables one to maintain continuous 
Control over the radial clearance between rotat 
ing and stationary parts at Various points in the 
turbine while the turbine is operating and also 
to indicate or record Such clearances if desired. 
The invention also makes it possible to regulate 
clearances when the turbine is disconnected froin. 
its source of driving fluid at least as long as the 
machine remains under steam for possible re-use 
after having been disconnected. The novel Sys 
tem of measurement, namely that of preSSure 
variation also is obviously Superior to those en 
ploying feeler pins for there are no parts Subject 
to wear action due to contact with the rotating 
member. The cross section f.sp of the gap at 
the lower end a of the measuring tube Can be 
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6 
read at any time on a measuring device, for ex 
ample a manometer. Finally, the invention is 
InoSt Suitable as a Solution for One of the most 
difficuit problems encountered in Operation of 
the lost modern of high-pressure, preconnected 
Steam turbine plants, namely that of keeping 
the turbines in readiness for immediate restart 
ing after having been shut down, during a period 
of reduced load or for any other reason. 

Moreover, while the invention has been illus 
trated as applied to the measurement of radial 
clearances in a turbine, the principles of the in 
Vention are Civiously equally applicable to the 
fieaStreinent and regulation of axial clearances 
especially in impulse turbines. 

Having now disclosed my invention and de 
Scribed and illustrated a representative mode by 
Which the Saine inay be put into practice, 
claim: 

i. The Corbitation. With a turbo-machine of 
apparatus for measuring and regulating defor 
nation of the housing and rotor elements of said 
turbo-machine caused by unequal heat distribu 
tion, Said apparatus Comprising a tube Secured 
to said housing and extending therefrom in the 
direction of the rotor Surface with the mouth of 
said tube disposed closely to and confronting the 
rotor Surface, a throttling orifice disposed in 
Said tube to establish a preSSure chamber therein 
between said orifice and tube mouth, a valve con 
trolled inlet on said housing for admitting hot 
gaseous driving fluid to the interior thereof for 
driving said rotor during normal operation of 
said turbo-machine when delivering power, an 
auxiliary rhoor coupled to Said rotor for rotat 
ing the latter when the hot driving fluid is cut 
off at said inlet, means for admitting a portion 
of said hot driving fluid into the pressure cham 
ber in Said tube for flow through the tube mouth 
against the Surface of Said rotor, the fluid pres 
Slice variation in Said chamber being propor 
tional to the variation in distance between the 
tube mouth and rotor Surface, means for heating 
said housing, and means responsive to the varia 
tions in pressure in said chamber for regulating 
said heating means and thereby also the defor 
mation of said housing when Said auxiliary notor 
is rotating said rotor and the hot driving fluid 
is cut off. 

2. Apparatus for measuring and regulating de 
formation of a turbo-machine as defined in claim 
1. Wherein the means for heating Said housing 
is comprised of a valve controlled auxiliary inlet 
to the interior of Said housing at the upper poi'- 
tion thereof through which heated gaseous fluid 
is passed to the upper interior portion of the 
housing, and operation of the valve controlling 
said auxiliary inlet is regulated by the pressure 
variations in said chamber. 

3. Apparatus for measuring and regulating de 
formation of a turbo-machine as defined in claim 
1 wherein the means for heating Said housing is 
comprised of a heater unit in heat transfer rela 
tion. With the lower part of Said housing. 
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