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CALIBRATION OF OPTICAL PATTERNATOR
SPRAY PARAMETER MEASUREMENTS

5  TECHNICAL FIELD

The invention relates generally to what is referred herein as “patternation”,
performing quantitative measurements of specific properties of particles within a
particle field such as a spray, and more particularly relates to an improved calibration

of a fuel nozzle optical patternation system in spray parameter measurements.

10 BACKGROUND OF THE ART

Fuel nozzles, such as in gas turbine engines, direct pressurized fuel from a
manifold to one or more combustion chambers. Fuel nozzles also prepare the fuel for
mixing with air prior to combustion. Therefore, the pattern and quantitative
parameters of a fuel nozzle spray significantly affect combustion and thus the

15  efficiency of engine performance. It is important to collect spray information to
analyze spray parameters of fuel nozzles during a design stage of a new family of fuel
nozzles and during the manufacturing process of every production batch of fuel
nozzles, in order to ensure that newly designed fuel nozzles meet the requirements of
the desired spray parameters for a gas turbine engine, and to be able to implement

20  meaningful quality control of every production batch of fuel nozzles in accordance

with the designed spray parameters, within allowed limits.

Fuel nozzle spray patternation technology has been used for quantitative
analysis of a spray of a fuel nozzle to determine the quantitative spray parameter,

however there is always room for improvement.
25 Accordingly, there is a need to provide an improved method of computing

spray parameters of a fuel nozzle from the patternation thereof.

SUMMARY OF THE INVENTION

It is therefore an object of this invention to provide a method of calibrating a

fuel nozzle optical patternation system in spray parameter measurements.
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In one aspect, the present invention provides a method of calibrating a fuel
nozzle optical patternation system which comprises obtaining a master nozzle having
desired spray characteristics; obtaining at least one image of a spray of the master
nozzle at a first predetermined plane from the optical patternation system;

5  determining a virtual spray origin of the optical patternation system by analyzing the
at least one image of the spray of the master nozzle; obtaining at least one image of a
spray of a second nozzle at a second predetermined plane from the optical
pattemation system; and then quantifying spray characteristics of the second nozzle

relative to the virtual spray origin.

10 In another aspect, the present invention provides a method of calibrating a
fuel nozzle optical patternation system, which comprises obtaining at least one image
of a spray of a master nozzle at a predetermine plane from the optical patternation
system, the master nozzle having desired spray characteristics; calculating a spray
centroid on the predetermined plane with respect to a fixed spatial origin of the

15  optical patternation system, by using the at least one image of the spray of the master
nozzle; and calibrating the optical patternation system using the spray centroid as a
virtual spray origin to replace the fixed spatial origin of the optical patternation
system when at least another nozzle of a nozzle family including the master nozzle is

tested in the optical patternation system.

20 In a further aspect, the present invention provides a method for calibrating a
fuel nozzle patternation system, which comprises obtaining a master nozzle having
desired spray characteristics; obtaining information on spray characteristics of the
master nozzle in a test performed in the patternation system, with respect to a fixed
spatial origin of the patternation system; calculating a spray centroid for the master

25  nozzle using the obtained information on spray characteristics thereof; and calibrating
the patternation system using the spray centroid as a virtual spray origin to replace the
fixed spatial origin of the patternation system when at least another nozzle of a

nozzle family including the master nozzle is tested in the patternation system.

Further details of these and other aspects of the present invention will be

30  apparent from the detailed description and figures included below.

-2
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DESCRIPTION OF THE DRAWINGS

Reference is now made to the accompanying drawings depicting aspects of

the present invention, in which:

Figure 1 is a schematic illustration showing a fuel nozzle optical patternation

system according to one embodiment of the present invention;

Figure 2 is a schematic illustration of a fuel nozzle mounting apparatus with

a spray booth associated with the fuel nozzle optical patternation system of Figure 1;

Figure 3 is s schematic illustration of an image of a spray of a master nozzle,

obtained from the fuel nozzle optical patternation system of Figure 1;

Figure 4 is a schematic illustration similar to Figure 3 showing a centroid of

the spray defined on a plane of the image of the master nozzle;

Figure 5 is an illustration of the relationship between the centroid of the
spray of the master nozzle on the plane of the image thereof and a fixed spatial origin
of the fuel nozzle optical patternation system of Figure 1 in an x and y coordination

system; and

Figure 6 is a schematic illustration of an image of a spray of another fuel

nozzle of a nozzle family including the master nozzle, obtained in the fuel nozzle

optical patternation system of Figure 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figures 1 and 2 illustrate the inspection and characterization of fuel nozzle
sprays using optical patternation of sprays. Optical patternation of sprays does not
directly measure liquid mass distributions of the sprays, but instead measures light
intensity distributions of an image of sprays to quantify nozzle quality. An optical
patternation system generally indicated by numeral 10 includes a nozzle mounting
apparatus 12 for securing a nozzle 13 in a predetermined position for testing, and a
planar laser sheet generator 14 positioned relative to the nozzle mounting apparatus
12 such that a planar laser sheet 16 generated from the planar laser sheet generator 14
intercepts a spray 18 generated by the fuel nozzle 13 at an angle substantially normal

to the direction of the spray. An array of diodes 20 is positioned at the opposite side

-3.
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of the spray 18 with respect to the planar laser sheet generator 14 and is aligned with
the planar laser sheet 16 for receiving same. The array of diodes 20 is connected to a
computer 22 to which data relating to the laser lighting factors is transmitted. The
planar laser sheet 16 intersects the spray 18 and droplets in the spray 18 scatter the
laser light when passing through the plane defined by the planar laser sheet 16,
thereby creating an image of the spray 18. A digital camera 24 is provided to receive
the light scattered by the spray 18 and to thus record an image 26 of the spray 18.
The digital camera 24 is preferably connected to the computer 22 such that the image
data collected by the digital camera 24 can be sent directly to the computer 22 for on-
line display of the image 26 and for computing of spray parameters. However, the
digital image data received by the camera 24 can be optionally recorded in a
computer readable medium and can retrieved by the computer 22 from the computer
readable medium, off-line in a later time. A software 28 associated with the
computer 22 is provided for computing spray parameters using the image data

received by the computer 22.

The mounting apparatus 12 further includes a nozzle mounting box 30 for
receiving and positioning the fuel nozzle 13 during testing, and a spray booth 32
including a fuel inlet 34 and an air inlet 36 in fluid communication with the
respective fuel nozzle 13 and nozzle mounting box 30 to simulate a fuel and air
supply to the fuel nozzle 13 under gas turbine engine operating conditions. The
nozzle mounting box 30 is preferably adjustable, as indicated by arrow 37, relative to
a laser measurement plane 38 which is defined by the planar laser sheet 16 generated

by the generator 14 of the fuel nozzle optical patternation system 10.

Reference will now be made to Figures 1-6. The image 26 of spray 18 of
fuel nozzle 13, obtained by the fuel nozzle optical patternation system 10 is shown
with details in Figure 3. Variation in colour shown in image 26 corresponds with the
variation in light intensity captured by the digital camera 24. High light intensity
levels such as those indicated by numeral 40 correspond to zones of high spray
density. Therefore, the image 26 can be converted to show the annular nature of
spray distribution as it exists in the laser measurement plane 38 which is downstream

of the fuel nozzle 13 and defined by the planar laser sheet 16.

-4 -
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Corrections are preferably made to the image data recorded by the digital
camera 24 in order to compensate for shadowing effects, light plane non-
uniformities, and camera view angle. Thus, a substantially true optical image 26 of
the cross-section of the spray 18 can be obtained in the computer 22 and displayed on

the monitor screen thereof.

Furthermore, certain laser lighting factors including laser light sheet
homogeneity, spreading of the light sheet, the efficiency with which light is scattered
through different angles, etc., can affect the resulting image 26 of spray 18, and
therefore, those laser lighting factors are preferably properly adjusted and consistently

maintained during testing of a production batch of fuel nozzles.

In addition, several factors have been known to contribute to a lack of
repeatability which can be encountered with optical patternation system installations.
Some of these factors are specific to the particular optical patternation system 10
while others are related to the mounting apparatus 12 with which the optical
patternation system 10 is associated. A method for reducing or eliminating some of
these variabilities is described below according to an embodiment of the present

invention.

A partitioning image 42, as a virtual mechanical collector geometry, is
created by the software 28 of the computer 22 and is superposed onto the processed
optical spray image 26. Based on the collector geometry, a number of quantifiable
spray parameters such as circumferential spray uniformity and radial fuel geometry,
can be defined and calculated for quantifying spray quality. These are basically
measurements of distribution about an origin indicated by the letter O in Figure ,4
which represents a fixed spatial origin of the system as a collector origin used in
mechanical systems, and which is simulated in optical systems by identifying a
unique pixel in the digital image at the centre of the system around which
distributions are computed.  The center of the system is the point in the laser
measurement plane 38 (also the planar laser sheet 16) through which a central axis 44
of the mounting apparatus 12 extends. The central axis 44 is theoretically superposed

on the central axis 46 of the fuel nozzle 13 mounted to the mounting apparatus 12.

-5-
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Therefore, the origin O as a fixed spatial origin of the patternation system,

theoretically represents the center of the fuel nozzle 13 in testing.

However, it is common for components of mounting apparatus 12 to shift
slightly under repeated wear and tear encountered in a production setting where
frequent mounting and re-positioning of nozzles must take place. This is particularly
true of some rig mounting components unique to a given nozzle family which must
be exchanged when that nozzle family is in production. A small drift in any of the
system components can result in shifting of the central axis 46 of the fuel nozzle 13
in testing, away from the central axis 44 of the mounting apparatus 12, and thus in
variation of the output measurement and consequently poor repeatability. This can

go undetected in normal production runs.

An improved method of analyzing the processed spray image incorporates a
floating or virtual collector origin and a unique master nozzle used for the
measurement of a particular nozzle family. A master nozzle is one that is identified
early in the development cycle of a given nozzle family as having an ideal spray
distribution. This nozzle is taken out of production and is retained as a physical

template against which future nozzles are compared and evaluated.

Prior to running a production batch, a master nozzle is installed in the nozzle
mounting apparatus 12 and a processed optical image is obtained for the master
spray. The spray is analysed, based on the light intensity corresponding to the droplet
distribution. A spray centroid for the master spray defined in laser measurement
plane 38 can thus be calculated. The image 26 is used as the image of the spray of
the master nozzle, and the calculated centroid is indicated by letter C and should be
ideally superposed onto fixed spatial origin O. However, due to the above-discussed
installation factors, the calculated centroid C of the spray of the master nozzle may

shift away form the fixed spatial origin O, as shown in Figure 4.

The calculated spray centroid C is defined via an x and y coordinate relative
to the fixed spatial origin O (see Figure 5) for the optical patternation system 10. The

spray centroid C of the master nozzle then represents the floating or virtual spray
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origin which will be used for subsequent fuel nozzle measurements in the same

nozzle family.

Figure 6 illustrates an image 26° of a spray of another fuel nozzle belonging
to the same family of the master nozzle, in which the origin of the partitioning image
42’ is defined at the point of the calculated centroid C of the master nozzle spray,
instead of at the fixed spatial origin O of the optical patternation system 10. Numeral
40’ indicates the high light intensity levels. Spray parameters such as circumferential
spray uniformity, radial fuel geometry and spray angle are then calculated for any
given nozzle spray using the floating or virtual origin derived from a master nozzle.
In this way, even extremely loose physical tolerances exhibited by the mounting
apparatus 12 will not impact the accuracy and repeatability of the optical patternation

system 10.

This procedure of using the master nozzle to determine a floating or virtual
origin can be performed for the particular nozzle family of the master nozzle prior to
every production batch to be tested or on a daily basis to account for and further
compensate for spatial drift in any of the system components. In addition, control
limits can be established for the master spray parameters such that shift beyond
certain limits will require maintenance / investigation actions for the system and can
thus act as means to control and maintain the repeatability and reproducibility of the
optical patternation system 10. For example, when the distance between the fixed
spatial origin O and the calculated centroid C (the OC distance) in Figure 5 is greater
than a predetermined distance, the optical patternation system 10 including the
mounting apparatus 12 should not be used until adjustments have been conducted to

bring the OC distance to within predetermined limits.

In accordance with another embodiment of the present invention, the method
of calibrating a fuel nozzle optical patternation system using a master nozzle can be
applied to a mechanical patternation system (not shown). During the test of the
master nozzle, a physical collector can be centralized about the fixed spatial origin of
the system to collect the fuel liquid into separate chambers thereof, and then the
centroid of the master nozzle spray can be calculated. The position of the centroid of
the master nozzle spray relative to the fixed spatial origin is marked in the

-7



WO 2007/106983 PCT/CA2007/000421

mechanical patternation system as a floating or virtual origin. During the procedure
of inspection of other fuel nozzles in the same family, the physical collector will be

centralized using the floating or virtual origin rather than the fixed spatial origin of

the system.

5 The above description is meant to be exemplary only, and one skilled in the
art will recognize that changes may be made to the embodiments described without
departure from the scope of the invention disclosed. For example, although a
centroid of a master nozzle spray is preferred to define the floating or virtual origin,
other parameters of the master nozzle spray such as a geometric center of the image

10 of the master nozzle spray may be used to define the floating or virtual origin in order
to replace the fixed spatial origin of the system. Still other modifications which fall
within the scope of the present invention will be apparent to those skilled in the art,
in light of a review of this disclosure, and such modifications are intended to fall

within the appended claims.

15
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CLAIMS:

1. A method of calibrating a fuel nozzle optical patternation system, the

method comprising:
(a) obtaining a master nozzle having desired spray characteristics;

(b) obtaining at least one image of a spray of the master nozzle in a first

predetermined plane from the optical patternation system;

(c) determining a virtual spray origin of the optical patternation system by

analyzing the at least one image of the spray of the master nozzle;

(d) obtaining at least one image of a spray of a second nozzle in a second

predetermined plane from the optical patternation system; and then

() quantifying spray characteristics of the second nozzle relative to the

virtual spray origin.

2. The method as defined in claim 1 wherein step (c) is practised by using the
at least one image of the spray of the master nozzle to calculate a spray
centroid in the first predetermined plane thereof, and then using the spray
centroid as the virtual spray origin for analyzing spray characteristics of the

second nozzle.

3. The method as defined in claim 2 wherein the spray centroid is defined
viax and y coordinates relative to a fixed spatial origin of the optical

patternation system.

4. The method as defined in claim 1 wherein the master and second nozzles
belong to a nozzle family having a plurality of nozzles to be tested in the
optical patternation system in steps similar to those used for the second

nozzle.
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5. The method as defined in claim 4 further comprising steps of obtaining more
than one image of a spray of the master nozzle at predetermined intervals,
and then analyzing spray characteristics of other nozzles of the family
relative to a new virtual spray origin determined from a new image of a

spray of the master nozzle.

6. The method as defined in claim 1 comprising repeating steps (b) and (c)
prior to every production batch of nozzles to be tested in the optical
patternation system, and then, using a newly determined virtual spray origin

instead of a previous one for further performing step (e).

7. The method as defined in claim 3 comprising a step of terminating the use of
the optical patternation system when the spray centroid is defined in a
position having a distance greater than a predetermined distance with respect

to the fixed spatial origin of the optical patternation system.

8. The method as defined in claim 1 wherein the first and second planes are
superposed one onto another, forming a same measurement plane for both

the master and second nozzles.

9. A method of calibrating a fuel nozzle optical patternation system, the

method comprising:

(a) obtaining at least one image of a spray of a master nozzle at a
predetermine plane from the optical patternation system, the master

nozzle having desired spray characteristics;

(b) calculating a spray centroid on the predetermined plane with respect to
a fixed spatial origin of the optical patternation system, by using the at

least one image of the spray of the master nozzle; and

(c) calibrating the optical patternation system using the spray centroid as a

virtual spray origin to replace the fixed spatial origin of the optical

-10 -
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10.

11.

12.

13.

patternation system when at least another nozzle of a nozzle family

including the master nozzle is tested in the optical patternation system.

The method as defined in claim 9 further comprising steps of:

(d) determining whether or not the spray centroid is defined in a position
within a predetermined area with respect to the fixed spatial origin of

the optical patternation system; and

(e) investigating the optical patternation system if a result of step (d) is

negative.

The method as defined in claim 9 comprising steps of repeating steps (a) and
(b) at predetermined intervals in order to calculate a new spray centroid; and
then calibrating the optical patternation system using the new spray centroid

as the new virtual spray origin.

The method as defined in claim 9 wherein step (b) is practised by defining
the spray centroid in an x and y coordinate system with respect to the fixed

spatial origin of the optical patternation system.

A method for calibrating a fuel nozzle patternation system, the method

comprising:
(a) obtaining a master nozzle having desired spray characteristics;

(b) obtaining information on spray characteristics of the master nozzle in a
test performed in the patternation system, with respect to a fixed

spatial origin of the patternation system,;

(c) calculating a spray centroid for the master nozzle using the obtained

information on spray characteristics thereof; and

(d) calibrating the patternation system using the spray centroid as a virtual

spray origin to replace the fixed spatial origin of the patternation

-11 -
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system when at least another nozzle of a nozzle family including the

master nozzle is tested in the patternation system.

-12-



WO 2007/106983 PCT/CA2007/000421

1/4

—26
~—22

24

e e e e t —— i ——— —— — —— ——

(‘28

~
}
|
}
i
} -~
]
| 3
| @)
: L
} <
{
}
L

YV ubh g

vy Wy

vy

vy

Wiy
o

20

E=ii=N

—




WO 2007/106983

34—~

2/4

PCT/CA2007/000421

30~

FIG. 2




0000000000000




000000000000

4/4

> ¥

o e e hoas o — bt i




INTERNATIONAL SEARCH REPORT International application No.
PCT/CA2007/000421

A. CLASSIFICATION OF SUBJECT MATTER
IPC: F23D 14/58 (2006.01) , F23D 11/38 (2006.01), F23R 3/28 (2006.01) , F02C 7/22 (2006.01)
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC: F23D (all), F23R (all), FO2C (all), GO1* (all),
USPC: 356/*

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic database(s) consulted during the international search (name of database(s) and, where practicable, search terms used)
Qpat (FAMPAT ), Delphion (US Databases), CPD; key words (calibrat™, nozzle, test*, spray, fuel, optical, paternator)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 6,734,965 B2 (TALLEY, D. G. et al.) 11 May 2004 (11-05-2004) 1to 13
*abstract; figures; column 1, lines 24 to 40; column 12, line 10 to column 14, line
50 *
A US 6,973,199 B2 (FARINA, D. J.) 6 December 2005 (06-12-2005) 1to 13

*figure 1A, abstract, column 5, lines 20 to column 6, line 2*

A US 3,275,744 (DIETRICH, V. E.) 27 September 1966 (27-09-1966) 1to13
*the whole document®

A US 3,609,043 (SIMMONS, H. C. et al.) 28 September 1971 (28-09-1971) 1to13
*abstract, figures *

A US 2005/0263620 A1 (PRIETO, V. A. et al.) 1 December 2005 (01-12-2005) 1to13
*abstract, figures *

[ 1 Further documents are listed in the continuation of Box C. [X] See patent family annex.
* Special categories of cited documents : “T” later document published after the international filing date or priority
date and not in conflict with the ap]fllication but cited to understand
“A” document defining the general state of the art which is not considered the principle or theory underlying the invention
to be of particular relevance
. o . . . “X” document of particular relevance; the claimed invention cannot be
“BE” earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive
filing date step when the document is taken alone
“L” document which may throw doubts on priorig claim(s) or which is “Y”  document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

. . L being obvious to a person skilled in the art
document referring to an oral disclosure, use, exhibition or other means

“&”  document member of the same patent family
“p” document published prior to the international filing date but later than
the priority date claime
Date of the actual completion of the international search Date of mailing of the international search report
18 May 2007 (18-05-2007) 10 July 2007 (10-07-2007)
Name and mailing address of the ISA/CA Authorized officer
Canadian Intellectual Property Office
Place du Portage I, C114 - 1st Floor, Box PCT John Hurkmans 819- 956-9975
50 Victoria Street
Gatineau, Quebec K1A 0C9
Facsimile No.: 001-819-953-2476

Form PCT/ISA/210 (second sheet ) (April 2007) Page 2 of 3




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/CA2007/000421

Patent Document Publication Patent Family Publication

Cited in Search Report Date Member(s) Date

US 6734965 B2 11-05-2004 NONE

US 6973199 B2 06-12-2005 AU6646500 A 13-03-2001
CA2382252 A1 22-02-2001
EP1210683 A1 05-06-2002
JP2003525658T T 02-09-2003
TW487884B B 21-05-2002
US6665421 B1 16-12-2003
US2006034504 A1 16-02-2006
W00113322 A1 22-02-2001

US 3275744 27-09-1966 NONE

US 3609043 28-09-1971 BE741758 A 19-05-1970
GB1245319 A 08-09-1971

US2005263620 01-12-2005 CN1956798 A 02-05-2007
WQ02005115633 A2 08-12-2005

Form PCT/ISA/210 (patent family annex ) (April 2007)

Page 3 of 3




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - claims
	Page 11 - claims
	Page 12 - claims
	Page 13 - claims
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - wo-search-report
	Page 19 - wo-search-report

