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ENHANCING ENGINE PERFORMANCE TO 
IMPROVE FUEL CONSUMIPTION BASED ON 

ATMOSPHERIC RAN CONDITIONS 

FIELD OF THE INVENTION 

0001. The present subject matter relates generally to 
enhancing engine performance of an aircraft. 

BACKGROUND OF THE INVENTION 

0002 An aircraft can include an engine, such as a gas 
turbine engine, for propulsion of the aircraft. A gas turbine 
engine can include a fan and a core arranged in flow 
communication with one another. The core of the gas turbine 
engine generally includes an air flow path having, in serial 
air flow order, a compressor section, a combustion section, 
a turbine section, and an exhaust section. The compressor 
section can include one or more compressors used to com 
press air. The compressed air can be provided to the com 
bustion section where it is mixed with fuel and burned to 
provide combustion gases. The combustion gases can be 
used to Support operation of the compressor section and the 
turbine section of the gas turbine engine. 
0003. During flight, an aircraft may encounter liquid 
water in the form of rain in the flight path of the aircraft. This 
typically occurs at altitudes when the aircraft is in takeoff, 
climb, or descent. Large amounts of liquid water ingested by 
the aircraft engine can be problematic as energy is expended 
to convert the water to vapor during the combustion process. 
This can lead to increased specific fuel consumption of the 
engine during climb and descent when rain is in the flight 
path of the aircraft. 
0004 For instance, the aircraft engine can include com 
ponents associated with airflow geometry located in the 
airflow path of the core to control various aspects of the 
combustion process. For instance, stator Vanes can be used 
to modify airflow to the compression and combustion sec 
tions of the gas turbine engine. Variable stator Vanes can be 
controlled, for instance, based on temperature sensors 
located at different locations within the engine. Controlling 
the variable stator Vanes based on temperature sensors may 
not adequately compensate for the presence of atmospheric 
liquid water ingested by the aircraft engine. For instance, the 
variable stator vanes can be controlled based on the tem 
perature sensors to be more closed than they should be 
during the presence of atmospheric rain conditions, leading 
to increased fuel consumption. 

BRIEF DESCRIPTION OF THE INVENTION 

0005 Aspects and advantages of embodiments of the 
present disclosure will be set forth in part in the following 
description, or may be learned from the description, or may 
be learned through practice of the embodiments. 
0006. One example aspect of the present disclosure is 
directed to a method of controlling an aircraft engine. The 
method includes identifying, by one or more computing 
devices, one or more points along a flight path of an aircraft. 
The method further includes receiving, by the one or more 
computing devices, a reflectivity measurement for each of 
the one or more points obtained using a device located on the 
aircraft. The method further includes determining, by the 
one or more computing devices, an estimate of liquid water 
content for each of the one or more points based at least in 
part on the reflectivity measurement for the point; and 
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controlling, by the one or more computing devices, at least 
one component of the aircraft engine based at least in part on 
the estimate of liquid water content for the one or more 
points. 
0007. Other example aspects are directed to control sys 
tems, devices, aircraft, apparatus, and other systems config 
ured to control at least one component of an engine based at 
least in part on an estimate of liquid water content. Varia 
tions and modifications can be made to these example 
aspects of the present disclosure. 
0008. These and other features, aspects and advantages of 
various embodiments will become better understood with 
reference to the following description and appended claims. 
The accompanying drawings, which are incorporated in and 
constitute a part of this specification, illustrate embodiments 
of the present disclosure and, together with the description, 
serve to explain the related principles. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009 Detailed discussion of embodiments directed to 
one of ordinary skill in the art are set forth in the specifi 
cation, which makes reference to the appended figures, in 
which: 
0010 FIG. 1 depicts an overview of an example system 
according to example embodiments of the present disclo 
Sure; 
0011 FIG. 2 depicts an example computing device used 
in a control system according to example embodiments of 
the present disclosure; 
0012 FIG. 3 depicts a flow diagram of an example 
method according to example embodiments of the present 
disclosure; 
0013 FIG. 4 depicts the example determination of liquid 
water content for a plurality of points using reflectivity 
measurements according to example embodiments of the 
present disclosure; and 
0014 FIG. 5 depicts a flow diagram of an example liquid 
content estimation algorithm according to example embodi 
ments of the present disclosure. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0015 Reference now will be made in detail to embodi 
ments of the invention, one or more examples of which are 
illustrated in the drawings. Each example is provided by way 
of explanation of the invention, not limitation of the inven 
tion. In fact, it will be apparent to those skilled in the art that 
various modifications and variations can be made in the 
present invention without departing from the scope or spirit 
of the invention. For instance, features illustrated or 
described as part of one embodiment can be used with 
another embodiment to yield a still further embodiment. 
Thus, it is intended that the present invention covers such 
modifications and variations as come within the scope of the 
appended claims and their equivalents. 
0016 Example aspects of the present disclosure are 
directed to systems and methods for improving engine 
performance by detecting atmospheric rain conditions. More 
particularly, liquid water in the form of rain in the flight path 
of the aircraft can be detected using reflectivity measure 
ments obtained by a device (e.g., a radar device) located on 
the aircraft. A liquid water content estimation algorithm can 
be used to estimate the liquid water content (e.g., in units of 
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grams of mass per meter cubed of volume g/m) based on 
reflectivity measurements for points along the flight path of 
the aircraft. One or more components (e.g., variable stator 
Vanes) of the aircraft engine can be controlled based at least 
in part on the estimated liquid water content to improve fuel 
flow of the aircraft in atmospheric rain conditions, such as 
rain conditions encountered during takeoff, climb and 
descent of the aircraft. 
0017 Liquid water content estimation can be particularly 
applicable during ambient temperatures when rain condi 
tions can be encountered. The highest altitude where rain is 
encountered can be an altitude where the ambient tempera 
ture becomes 0° C. Example aspects of the present disclo 
Sure can use ambient temperature data (e.g., collected by an 
ambient temperature sensor associated with the aircraft or 
other data) to determine when to operate the system in a 
liquid water content detection mode. For instance, the air 
craft can perform liquid water content estimation in a liquid 
water content detection mode according to example aspects 
of the present disclosure when the ambient temperature is 
greater than 0° C. or other threshold. 
0018 When a liquid water content estimation mode is 
engaged, the systems and methods according to example 
aspects of the present disclosure can estimate liquid water 
content for points along the flight path of the aircraft based 
on reflectivity measurements. More particularly, points 
along the flight path to be encountered by the aircraft within 
a specified time period (e.g., points to be traversed by the 
aircraft within the next one minute) can be identified at a 
particular resolution. Reflectivity measurements can be 
obtained for the identified points. 
0019. An estimate of liquid water content for each of the 
identified points can be determined based on the reflectivity 
measurements using a liquid water content estimation algo 
rithm. For instance, parameters for a drop size distribution 
model can be determined and used to estimate the liquid 
water content based on the reflectivity measurement for the 
point. 
0020. In some embodiments, a plurality of estimated 
values for each point can be obtained as the aircraft travels 
along the flight path. Each estimated value can be associated 
with an instance of a reflectivity measurement. The estimate 
of liquid water content can be refined as the aircraft travels 
along the flight path from the plurality of estimated values 
using a weighted averaging function. The weighted averag 
ing function can assign greater weight to estimated values 
associated with reflectivity measurements for points closer 
to the aircraft as the reflectivity measurements are typically 
more accurate. In this way, the estimate of liquid water 
content can be continuously improved as the aircraft moves 
closer to the point. 
0021. Once the estimate of liquid water content for a 
point is obtained, the estimate can be used to control one or 
more components associated with the aircraft engine, for 
instance, to improve fuel performance. For instance, one or 
more components associated with the airflow geometry 
(e.g., inlet guide vanes, variable stator Vanes, etc.) can be 
controlled to regulate the amount of pressure in the aircraft 
engine to improve fuel performance. 
0022. In particular implementations, the variable stator 
Vanes associated with the aircraft engine can be controlled 
based on the estimate of liquid water content. For instance, 
adjustments can be made to variable stator vane positions 
specified by a nominal schedule based at least in part on the 
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estimate of liquid water content to regulate the airflow in the 
aircraft engine. In one embodiment, the variable stator Vanes 
can be controlled to be more open relative to a position 
specified by a nominal schedule when the estimate of liquid 
water content exceeds a threshold. 
0023. In this way, example aspects of the present disclo 
Sure can have a technical effect of providing for improved 
performance of an aircraft engine when the aircraft encoun 
ters atmospheric rain in the flight path of the aircraft. 
Providing more efficient control of the aircraft engine (e.g., 
more efficient control of the variable stator vanes) based on 
estimates of liquid water content can lead to increased 
efficiency in fuel consumption, potentially leading to fuel 
savings for operation of the aircraft. In addition, the esti 
mation of liquid water content according to example aspects 
of the present disclosure can be performed using devices 
(e.g., radar devices) located on many different types of 
aircraft, resulting in wide range applicability for use by 
aircraft in improving engine performance. 
0024 FIG. 1 depicts an example system 100 for control 
ling one or more components of an aircraft engine to 
improve engine performance according to example aspects 
of the present disclosure. As shown, the system 100 can 
include a control system having one or more computing 
device(s) 200 (e.g., a computer based control system) or 
other control equipment associated with, for instance, an 
avionic system of the aircraft 102. The computing device(s) 
200 can be coupled to a variety of systems on the aircraft 102 
over a communications network 140. The communications 
network 140 can include a data bus and/or combination of 
wired and/or wireless communication links. 

(0025. The system 100 can include a radar device 112 
associated with the aircraft 102. The radar device 112 can be 
configured to obtain radar reflectivity measurements. The 
radar device 112 can emit a radar beam 114 (e.g., radio 
waves) and measure reflectivity of the radar beam 114 off of 
objects (e.g., liquid water particles) in the flight path of the 
aircraft 102. The radar device 112 can emit a radar beam 114 
having a radar beam width W as illustrated in FIG. 1. The 
radar device 112 can obtain reflectivity measurements in 
dBZ (e.g., decibel relative to Z). These reflectivity measure 
ments can compare the equivalent reflectivity (Z) of a radar 
signal to the return of a droplet of rain with a diameter of 1 
mm. In some embodiments, the radar device 112 can be 
associated with an onboard weather system 110 for the 
aircraft 102. In some embodiments, the radar device 112 can 
be an X-band radar device (e.g., associated with a frequency 
range of 7.0 to 11.2 gigahertz (GHz)). 
0026. The present disclosure is discussed with reference 
to performing reflectivity measurements using a radar device 
located on the aircraft for purposes of illustration and 
discussion. Those of ordinary skill in the art, using the 
disclosures provided herein, will understand that other types 
of devices can be used to obtain the reflectivity measure 
ments. For instance, a lidar device or other reflectivity based 
technology can be used to obtain the reflectivity measure 
mentS. 

0027. The system 100 can further include a temperature 
sensor 116 associated with the aircraft 102. The temperature 
sensor 116 can measure the ambient temperature around the 
aircraft 102 while the aircraft is in flight. Similar to the radar 
device 112, the ambient temperature sensor 116 can be 
associated with the onboard weather system 110 for the 
aircraft 102. 
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0028. According to example embodiments of the present 
disclosure, the computing device(s) 200 can access data 
from the onboard weather system 110 (e.g., radar reflectivity 
measurements and ambient temperature data) and use the 
data to control one or more components of the aircraft to 
increase fuel performance. More particularly, the computing 
device(s) 200 can control components associated with air 
craft engines 104 used for propulsion of the aircraft 102 to 
increase fuel performance based on the data accessed from 
the onboard weather system 110. 
0029. More particularly, as illustrated in FIG. 1, the 
computing device(s) 200 can be in communication with 
engine control systems 120 associated with the aircraft 
engines 104. Aircraft engines 104 can be, for instance, gas 
turbine engines. The engine control systems 120 can be 
configured to control components of the aircraft engines 104 
in response to commands from the computing device(s) 200. 
For instance, the engine control system 120 can adjust 
components associated with an airflow geometry of the 
aircraft engines 104 (e.g., Vanes in the airflow path of the 
aircraft engines 104) based on commands from the comput 
ing device(s) 200. In one embodiment, the engine control 
systems 120 can control variable stator Vanes associated 
with the aircraft engines 104 to be more open or more closed 
based on commands from the computing device(s) 200. The 
commands from the computing device(s) 200 can be deter 
mined based at least in part on the radar reflectivity mea 
surements obtained by the radar device 112 as will be 
discussed more detail below. 

0030. In some embodiments, the computing device(s) 
200 can be in communication with other aircraft systems 
over the communications network 140. The aircraft systems 
can include, for instance a display system 130 including one 
or more display devices that can be configured to display or 
otherwise provide information generated or received by the 
system 100 to operators of the aircraft 102. The display 
system 130 can include a primary flight display, a multipur 
pose control display unit, or other Suitable flight display 
commonly included within a cockpit of the aircraft 102. By 
way of non-limiting example, the display system 130 can be 
used for displaying flight information Such as airspeed, 
altitude, attitude, and bearing of the aircraft 102. 
0031. The computing device(s) can also be in communi 
cation with a flight control computer 132. The flight control 
computer 132 can, among other things, automate the tasks of 
piloting and tracking the flight plan of the aircraft 102. The 
flight control computer 132 can include or be associated 
with, any suitable number of individual microprocessors, 
power Supplies, storage devices, interface cards, auto flight 
systems, flight management computers, and other standard 
components. The flight control computer 132 can include or 
cooperate with any number of software programs (e.g., flight 
management programs) or instructions designed to carry out 
the various methods, process tasks, calculations, and con 
trol/display functions necessary for operation of the aircraft 
102. The flight control computer 132 is illustrated as being 
separate from computing device(s) 200. Those of ordinary 
skill in the art, using the disclosures provided herein, will 
understand that the flight control computer 132 can also be 
included with or implemented by the computing device(s) 
2OO. 

0032. The computing device(s) 200 can also be in com 
munication with various other aircraft systems 134. The 
aircraft systems 134 can include, for instance, digital control 
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systems, throttle systems, inertial reference systems, flight 
instrument systems, auxiliary power systems, fuel monitor 
ing system, engine vibration monitoring systems, commu 
nications systems, flap control systems, flight data acquisi 
tion systems, and other systems. 
0033 FIG. 2 depicts various components of the comput 
ing device(s) 200 according to example embodiments of the 
present disclosure. As shown, the computing device(s) 200 
can include one or more processors 212 and one or more 
memory devices 214. The one or more processors 212 can 
include any suitable processing device. Such as a micropro 
cessor, microcontroller, integrated circuit, logic device, or 
other Suitable processing device. The one or more memory 
devices 214 can include one or more computer-readable 
media, including, but not limited to, non-transitory com 
puter-readable media, RAM, ROM, hard drives, flash drives, 
or other memory devices. 
0034. The one or more memory devices 214 can store 
information accessible by the one or more processors 212, 
including computer-readable instructions 216 that can be 
executed by the one or more processors 212. The instruc 
tions 216 can be any set of instructions that when executed 
by the one or more processors 212, cause the one or more 
processors 212 to perform operations. The instructions 216 
can be implemented in software written in any suitable 
programming language or can be implemented in hardware. 
In some embodiments, the instructions 216 can be executed 
by the one or more processors 212 to cause the one or more 
processors to perform operations, such as the operations for 
determining liquid water content and controlling one or 
more components of an aircraft engine as described with 
reference to FIG. 3. 
0035 Referring to FIG. 2, the memory devices 214 can 
further store data 218 that can be accessed by the processors 
212. The data 218 can include, for instance, radar reflectivity 
data, ambient temperature measurements, estimated liquid 
water content, and other data. The data 218 can also include 
data associated with models and algorithms used to perform 
the example methods according to example aspects of the 
present disclosure, such as drop size distribution models and 
algorithms for estimating liquid water content. 
0036. The computing device(s) 200 can further include a 
communications interface 220. The communications inter 
face 220 can be configured to communicate with aircraft 
systems over a communication network, such as communi 
cations network 140 of FIG. 1. For instance, the communi 
cations interface 220 can receive radar reflectivity measure 
ments and ambient temperature measurements from an 
onboard weather system 110. The communications interface 
220 can provide control commands to engine control sys 
tems 120. The communications interface 220 can include 
any suitable components for interfacing with one more other 
devices, including for example, transmitters, receivers, 
ports, controllers, antennas, or other Suitable components. 
0037. The technology discussed herein makes computer 
based systems, as well as actions taken and information sent 
to and from such systems. One of ordinary skill in the art 
will recognize that the inherent flexibility of computer-based 
systems allows for a great variety of possible configurations, 
combinations, and divisions of tasks and functionality 
between and among components. For instance, processes 
discussed herein may be implemented using a single com 
puting device or multiple computing devices working in 
combination. Databases, memory, instructions, and applica 
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tions may be implemented on a single system or distributed 
across multiple systems. Distributed components may oper 
ate sequentially or in parallel. 
0038 FIG. 3 depicts a flow diagram of an example 
method (300) according to example embodiments of the 
present disclosure. The method (300) can be implemented 
using one or more computing devices, such as the computing 
device(s) 200 of FIGS. 1 and 2. The method or portions of 
the method can be implemented at least in part by other 
devices, such as processors associated with the radar device 
112 or other component(s) without deviating from the scope 
of the present disclosure. In addition, FIG. 3 depicts steps 
performed in a particular order for purposes of illustration 
and discussion. Those of ordinary skill in the art, using the 
disclosures provided herein, will understand that various 
steps of any of the methods disclosed herein can be modi 
fied, rearranged, omitted, expanded, and/or adapted in vari 
ous ways without deviating from the scope of the present 
disclosure. 
0039. At (302), the method includes obtaining an ambient 
temperature measurement using an ambient temperature 
sensor. For instance, an ambient temperature measurement 
from the ambient temperature sensor 116 equipped on the 
aircraft 102 can be accessed. The ambient temperature 
measurement can be obtained from other Suitable sources 
without deviating from the scope of the present disclosure. 
For instance, the ambient temperature measurement can be 
based on data stored in an onboard weather system for the 
aircraft. 

0040. At (304), the method determines whether to engage 
the liquid water content detection mode based on the ambi 
ent temperature measurement. For instance, when the ambi 
ent temperature measurement is greater than a threshold 
ambient temperature, the method can include engaging the 
liquid water content detection mode to control the aircraft 
based on detected liquid water content as will be discussed 
in more detail below. Otherwise, the method can continue to 
monitor the ambient temperature until the ambient tempera 
ture measurement exceeds the ambient temperature thresh 
old. 

0041 As discussed above, an aircraft is likely to encoun 
ter liquid water in the atmosphere at altitude where the 
ambient temperature is 0° C. Accordingly, in one embodi 
ment, the method can include engaging the LWC detection 
mode when the ambient temperature measurement is greater 
than 0° C. Other suitable thresholds can be used without 
deviating from the scope of the present disclosure. For 
instance, the threshold can be about 10° C., 5° C., 2.5°C., 
or other suitable threshold without deviating from the scope 
of the present disclosure. As used herein, the use of the term 
“about in conjunction with an numerical value is intended 
to refer to within 30% of the numerical value. 
0042. When the liquid water detection mode is engaged, 
the method can include identifying one or more points along 
the flight path of the aircraft as shown at (306) of FIG. 3. 
More particularly, from the current flight path, one or more 
points (e.g., each associated with a latitude/longitude/alti 
tude) can be selected from along the flight path of the aircraft 
at an arbitrary resolution value. The resolution value can be 
indicative of the number of points and/or spacing of points 
to be identified along the flight path 
0043. The identified points can be within the radar beam 
width associated with radar device equipped on the aircraft. 
The points can be selected in a range corresponding to a time 
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period in which the minimum is associated with the nearest 
point for which a radar reflectivity measurement can be 
obtained and the maximum is a point estimated to be 
encountered by the aircraft a certain time period ahead in the 
flight path (e.g., encountered by the aircraft within the 1 
minute along the flight path) provided that point falls within 
the radar beam width. 
0044) For example, FIG. 4 depicts a plurality of points 
420 identified along a flight path 410. The plurality of points 
420 are represented as dots along the line corresponding to 
the flight path 410. The points 420 can each be associated 
with a latitude/longitude/altitude). The resolution of points 
420 can be identified according to any suitable resolution 
value. The points 420 can be within a radar beam width W 
associated with the radar beam 114 emitted by the radar 
device 112 equipped on the aircraft 102. For instance, point 
422 along the flight path is outside the radar beam width W 
of the radar beam W emitted by the radar device 112 
equipped on the aircraft and, in some embodiments, is not 
identified for inclusion in the plurality of points. 
0045 Referring to FIG. 3 at (308), the method can 
include receiving radar reflectivity measurements for each of 
the one or more points along the flight path of the aircraft. 
For instance, a radar reflectivity measurement (e.g., in dBZ) 
can be obtained for each of the points 420 along the flight 
path 410 of aircraft 102. 
0046. At (310) of FIG. 3, the method includes determin 
ing an estimate of liquid water content for the point(s) based 
at least in part on the radar reflectivity measurements for the 
points. The estimate of liquid water content can also be 
based on other data, Such as reflectivity measurements 
obtained from other sources (e.g., other aircraft) and/or 
weather data obtained from a weather service. In one 
example embodiment, the radar reflectivity measurement for 
each point can be provided to a liquid water content esti 
mation algorithm which can generate an estimated value for 
the point. Details concerning an example liquid water con 
tent estimation algorithm will be discussed below with 
reference to FIG. 5. 
0047. In a particular example implementation, the deter 
mination of liquid water content for each of the plurality of 
points can be determined continuously to give a path-wise 
array of liquid water content in the air mass ahead of the 
aircraft. For instance, a set of estimated values for each of 
the one or more points can be determined as the aircraft 
travels along the flight path. Each estimated value can be 
associated with an instance of the radar reflectivity mea 
Surement for the point and can be determined using the 
liquid water content estimation algorithm. This can build a 
set of estimated values for the points along the flight path 
with the nearest point having the most estimated values and 
the farthest point having only one value. 
0048 For example, as shown in FIG.4, the nearest point 
420.1 can have liquid water content estimated values LWC, 
LWC, ... LWC. The next nearest point 420.2 can have one 
less estimated value than the nearest point 420.1. More 
particularly, the next nearest point 420.2 can have liquid 
water content estimated values LWC, LWC, LWC. The 
next nearest point 420.3 can have one less estimated value 
than the nearest point 420.2. More particularly, the next 
nearest point 420.2 can have liquid water content estimated 
values LWC, LWC, LWC. The next nearest point can 
have one less estimated value than 420.3, and so forth. The 
farthest point 420.n can have one estimated value LWC. 
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0049. For each point, a weighted averaging function can 
be applied to the estimated values to determine the estimate 
of liquid water content for the point. For instance, as shown 
in FIG.4, the estimated values LWC, LWC, ... LWC can 
be provided to a weighted averaging function 430 to deter 
mine an estimate of liquid water content LWC for the point 
420.1. The weighted averaging function 430 can assign 
greater weight to estimated values associated with more 
accurate radar reflectivity measurements. For instance, the 
weighted averaging function 430 can assign greater weight 
to estimated values for instances of the radar reflectivity 
measurements obtained for points closer to the aircraft. 
0050 Referring to FIG. 3 at (312), the method can 
include controlling at least one component of the aircraft 
engine based at least in part on the estimate of liquid water 
content for the points. For example, in one embodiment, 
components associated with the airflow geometry of the 
aircraft engine (e.g., inlet guide Vanes, variable stator Vanes, 
etc.) can be adjusted based on the estimate of liquid water 
content to adjust the airflow pressure in the aircraft engine 
to accommodate for the presence of liquid water content in 
the airflow path and to improve fuel consumption. 
0051. As one example, variable stator vanes associated 
with the aircraft engine can be adjusted to be more open or 
more closed than normally specified, for instance, by a 
nominal schedule based at least in part on the estimate of 
liquid water content. For instance, if the estimate of liquid 
water content exceeds a threshold, the variable stator vanes 
can be controlled to be more open than normally specified by 
a nominal variable stator vane position schedule. 
0052 FIG. 5 depicts a flow diagram of one example 
liquid water content estimation algorithm (500) according to 
example embodiments of the present disclosure. The liquid 
water content estimation algorithm can determine liquid 
water content based on radar reflectivity measurements 
using a drop size distribution model for water droplets. 
0053 At (502), the method can include accessing a 
model of drop size distribution. More particularly, as shown 
in FIG. 5, radar reflectivity can be proportional to the sum 
of the sixth power of the diameters of the water droplets. 
Accordingly, a drop size distribution model can be defined 
based on radar reflectivity as follows: 

where Z is the radar reflectivity measurement, D is the drop 
size distribution, N is the number of droplets, A is a first 
parameter associated with the model, L is a second param 
eter associated with the model, and T is the gamma function 
associated with the drop size distribution. Based on a best 
guess as to the value N of 50,000, and a relationship between 
L and A, parameters for the model can be solved using the 
system of the following equations: 

Znaired = NA"T(u +7) 
a = C1A + C2A + C3 

N = 50000 

where Z is the radar reflectivity measurement and 
C1, C2 and C3 are constants associated with the relationship 
between L and A. 
0054. At (504), a value for a first parameter A is deter 
mined using the above system of equations based on an 
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initial guess for L. At (506), a value for a second parameter 
L is calculated using the value determined for the first 
parameter A. The first parameter A is then recalculated using 
the determined value for the second parameter L at (508). 
0055. At (510), it is determined whether difference in 
value of the calculated first parameter A and the previously 
calculated value for the first parameter A is less than a 
tolerenace. If not, the parameters are re-determined in accor 
dance with (506) and (508). If so, the method continues to 
(512) where the estimate of liquid water content is deter 
mined based on the drop size distribution model. For 
instance, from the Solved parameters, the algorithm can 
calculate the liquid water content based on the third moment 
of the distribution. More specifically, the liquid water con 
tent can be calculated as follows: 

t t 

LWC = p of Dn(D)d D = p. NA (“I (a +4) : : 

where p is the density of the drops (e.g., measured in g/m) 
and can be assumed to be 1000 g/m. 
0056 Although specific features of various embodiments 
may be shown in some drawings and not in others, this is for 
convenience only. In accordance with the principles of the 
present disclosure, any feature of a drawing may be refer 
enced and/or claimed in combination with any feature of any 
other drawing. 
0057 This written description uses examples to disclose 
the invention, including the best mode, and also to enable 
any person skilled in the art to practice the invention, 
including making and using any devices or systems and 
performing any incorporated methods. The patentable scope 
of the invention is defined by the claims, and may include 
other examples that occur to those skilled in the art. Such 
other examples are intended to be within the scope of the 
claims if they include structural elements that do not differ 
from the literal language of the claims, or if they include 
equivalent structural elements with insubstantial differences 
from the literal languages of the claims. 
What is claimed is: 
1. A method of controlling an aircraft engine, comprising: 
identifying, by one or more processors, one or more 

points along a flight path of an aircraft; 
accessing, by the one or more processors, a reflectivity 

measurement for each of the one or more points, the 
reflectivity measurement obtained from a device 
located on the aircraft; 

determining, by the one or more processors, an estimate 
of liquid water content for each of the one or more 
points based at least in part on the reflectivity mea 
Surement for the point; and 

controlling, by the one or more processors, at least one 
component of the aircraft engine based at least in part 
on the estimate of liquid water content for the one or 
more points. 

2. The method of claim 1, wherein the at least one 
component comprises a component associated with an air 
flow geometry of the aircraft engine. 

3. The method of claim 2, wherein the component asso 
ciated with the airflow geometry of the aircraft engine 
comprises one or more variable stator Vanes of the aircraft 
engine. 
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4. The method of claim 1, wherein the reflectivity mea 
Surement for each of the one or more points comprises a 
radar reflectivity measurement obtained from a radar device. 

5. The method of claim 1, wherein the estimate of liquid 
water content is determined based on the radar reflectivity 
measurement using a liquid water content estimation algo 
rithm, the liquid water content estimation algorithm com 
prising: 

estimating, by the one or more processors, one or more 
parameters for a drop size distribution model based at 
least in part on the radar reflectivity measurement; and 

determining, by the one or more processors, the estimate 
of liquid water content based at least in part on the 
parameters for the drop size distribution model. 

6. The method of claim 1, wherein determining an esti 
mate of liquid water content for each of the one or more 
points comprises: 

determining, by the one or more processors, a set of 
estimated values for each of the one or more points as 
the aircraft travels along the flight path, each estimated 
value in the set of estimated values associated with an 
instance of a radar reflectivity measurement for the 
point; and 

determining, by the one or more processors, the estimate 
of liquid water content based at least in part on the set 
of estimated values. 

7. The method of claim 6, wherein the estimate of liquid 
water content is is determined based at least in part on the 
set of estimated values using a weighted averaging function, 
the weighted averaging function assigning greater weight to 
estimated values associated with instances of the radar 
reflectivity measurement obtained for points closer to the 
aircraft. 

8. The method of claim 1, wherein the estimate of liquid 
water content is determined based at least in part on reflec 
tivity measurements obtained from other aircraft or based at 
least in part on weather data. 

9. The method of claim 1, wherein controlling, by the one 
or more processors, at least one component of the aircraft 
engine based at least in part on the estimate of liquid water 
content is performed when the aircraft is operating in a 
liquid water content detection mode. 

10. The method of claim 9, wherein the method com 
prises: 

obtaining, by the one or more processors, an ambient 
temperature measurement using a temperature sensor, 
and 

activating, by the one or more processors, the liquid water 
content detection mode based at least in part on the 
ambient temperature. 

11. A system for controlling an aircraft engine of an 
aircraft, comprising: 

a radar device located on the aircraft, the radar device 
configured to obtain radar reflectivity measurements 
for an air volume within a radar beam width associated 
with the radar device; 

a control system comprising one or more processors and 
one or more memory devices, the one or more memory 
devices storing computer-readable instructions that 
when executed by the one or more processors cause the 
one or more processors to perform operations, the 
operations comprising: 

identifying a plurality of points along a flight path of an 
aircraft; 
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accessing a radar reflectivity measurement for each of the 
plurality of points obtained using the radar device; 

determining an estimate of liquid water content for each 
of the plurality of points based at least in part on the 
radar reflectivity measurement for the point; and 

controlling at least one component of the aircraft engine 
based at least in part on the estimate of liquid water 
content for at least one of the plurality of points. 

12. The system of claim 11, wherein the at least one 
component comprises a component associated with an air 
flow geometry of the aircraft engine. 

13. The system of claim 12, wherein the component 
associated with the airflow geometry of the aircraft engine 
comprises one or more variable stator Vanes of the aircraft 
engine. 

14. The system of claim 11, wherein the estimate of liquid 
water content is determined based on the radar reflectivity 
measurement using a liquid water content estimation algo 
rithm, the liquid water content estimation algorithm com 
prising: 

estimating one or more parameters for a drop size distri 
bution model based at least in part on the radar reflec 
tivity measurement; and 

determining the estimate of liquid water content based at 
least in part on the parameters for the drop size distri 
bution model. 

15. The system of claim 11, wherein the operation of 
determining an estimate of liquid water content for each of 
the plurality of points comprises: 

determining a set of estimated values for each of the 
plurality of points as the aircraft travels along the flight 
path, each estimated value in the set of estimated values 
associated with an instance of a radar reflectivity mea 
Surement for the point; and 

determining the estimate of liquid water content based at 
least in part on the set of estimated values. 

16. The system of claim 11, wherein the control system is 
configured to control the at least one component of the 
aircraft engine based at least in part on the estimate of liquid 
water content when the control system is operating in a 
liquid water content detection mode, wherein the control 
system is configured to trigger operation in the liquid water 
content detection mode based at least in part on an ambient 
temperature measurement obtained by a temperature sensor 
in communication with the control system. 

17. An aircraft, comprising: 
an aircraft engine comprising one or more components 

associated with an airflow geometry for the aircraft 
engine; 

a radar device located on the aircraft, the radar device 
configured to obtain radar reflectivity measurements 
for an air volume with a radar beam width associated 
with the radar device; 

a control system comprising one or more processors and 
one or more memory devices, the one or more memory 
devices storing computer-readable instructions that 
when executed by the one or more processors cause the 
one or more processors to perform operations, the 
operations comprising: 

identifying a plurality of points along a flight path of the 
aircraft; 

accessing a radar reflectivity measurement for each of the 
plurality of points within the radar beam width obtained 
using the radar device; 
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determining an estimate of liquid water content for each 
of the plurality of points based at least in part on the 
radar reflectivity measurement for the point using a 
liquid water content estimation algorithm; and 

controlling the one or more components associated with 
airflow geometry of the aircraft engine based at least in 
part on the estimate of liquid water content for at least 
one of the plurality of points. 

18. The aircraft of claim 17, wherein the one or more 
components associated with the airflow geometry of the 
aircraft engine comprises one or more variable stator Vanes 
of the aircraft engine. 

19. The aircraft of claim 17, wherein the liquid water 
content estimation algorithm comprising: 

estimating parameters for a drop size distribution model 
based at least in part on the radar reflectivity measure 
ment; and 

determining the estimate of liquid water content based at 
least in part on the parameters for the drop size distri 
bution model. 

20. The aircraft of claim 17, wherein the aircraft further 
comprises a temperature sensor, the control system config 
ured to control the at least one component of the aircraft 
engine based at least in part on the estimate of liquid water 
content when the control system is operating in a liquid 
water content detection mode, wherein the control system is 
configured to trigger operation in the liquid water content 
detection mode based at least in part on an ambient tem 
perature measurement obtained by temperature sensor. 

k k k k k 
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