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New 1ce crystal envelope for aircraft
certification

« FAA Appendix D' and EASA Appendix P (the same)
 resulted from discussions within the Engine Harmonization Working Group
(EHWG) 2004-2006

“ TWCLevels: Adiabatic Lapse from Sea Level @ 90% Relative Humidity
Scaled for 17,4Nm
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Flights for In-Situ Appendix D/P Validation

« EHWG recommended new in-situ flight measurements
in deep convective clouds, to assess the new ice crystal
TWC envelope

« Target: collect 99t percentile TWC values and distance
factor up to at least the 17.4 nm distance scale, in
clouds similar to those that caused engine events, and
with target TWC accuracy of 20%.

« EHWG asked for data in four temperature Isokinetic TWC Evaporator on
intervals: : -10 C, -30 C, -40 C, and -50 C (each * Falcon-20, unique new instrument for
5C); highest priority -50 C, lowest -10 C. high IWC measurement

« atleast 100 17.4 nm data points at each level

» To obtain adequate reliability and accuracy, a new instrument (IKP) developed to
measure TWC at high values and high airspeeds (see photo)

«  Why 99" percentiles? Similar logic as Appendix C. Regulatory agencies and
industry to determine how to apply 99t percentiles and distance factor to means

of compliance

3 « Particle size parameters ... subject of a separate investigation, first paper of
this session



Flight Programs providing data for
Appendix D TWC assessment (IKP2)

+ Darwin-2014 HAIC-HIWC"2 flight campaign
(Australia)
+ SAFIRE Falcon-20 research aircraft |
-
« Cayenne-2015 HAIC-HIWC flight campaign ~
(French Guiana) ey

» SAFIRE Falcon-20 research aircraft . P
* NRC Canada Convair-580 aircraft French SAFIRE Falcon-20 aircraft

* Florida-2015 HIWC-RADAR flight campaign (USA

and Caribbean)
« NASADC-8 NASA DC-8 aircraft

' High Altitude Ice Crystals (HAIC) project (Europe)
2 High Ice Water Content (HIWC) project (North America)




General information on data sets

Darwin-14 | Cayenne-15 | Cayenne-15 | Florida-15
Falcon-20 Falcon-20 CV580 NASA DC-8
Number of Flights: 23 18 12 10
Number of flights with IKP 16 17 10 10
Appendix D/P cloud
measurements:
Number of Flight Segments: 157 218 76 119
Total Distance in Segments 7648 8735 3469 10695
(nm):
Avg. length of Segment (nm): 36.5 33.5 45.6 90
Avg. segment TWC (gm-3) 0.69 0.60 TBD TBD

N/

Will use only these three
data sets in following
comparisons to App. D/P



17.4 nm data points versus temperature

Targeting a total of 100 or greater 17.4 nm data points at each temperature level

Number of 17.4 Darwin-14 | Cayenne-15 | Cayenne-15 | Florida-15 Grand
nm data points Falcon-20 | Falcon-20 CV580 NASA DC-8 Total
Total 381 395 158 554 1488
-50 C 29 58 0 194 281
(-54.9<T<-45)
-40 C 175 108 0 138 421
(-44.9<T<-35)
-30 C 142 93 0 215 450
(-34.9<T<-25)
-10C 12 93 153 7 365
(-14.9<T<-5)
-20C 24 27 1 0 52

(-24.9<T<-15)




Appendix D Altitude-Temperature
Envelope -DRW-14
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Appendix D Altitude-Temperature
Envelope -DRW-14+CAY-15
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Appendix D Altitude-Temperature

Envelope —-DRW-14+CAY-.
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Appendix D Altitude-Temperature
Envelope —FLL-15 and average sonde
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Appendix D/P 99 percentile TWC vs Distance Scale:
DRW-14 + CAY-15 +FLL-15, All Temperatures

99" percentile TWC (gm~)
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Appendix D/P 99 percentile TWC vs Distance Scale:

DRW-14 + CAY-15 +FLL-15,

=-50 C

99" percentile TWC (gm®)
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Appendix D TWC vs Distance Scale —
DRW-14 + CAY-15, T=-40 C
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Appendix D TWC vs Distance Scale —

DRW-14 + CAY-15, T=-30 C

99" percentile TWC (gm®)
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Appendix D TWC vs Distance Scale —
DRW-14 + CAY-15, T=-10 C

99" percentile TWC (gm®)
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Sounding parameters, and cloud top

For days with flights : DRW14 CAY15
Falcon-20 | Falcon-20
Precipitable Water (median, mm) 64.6 62.3
Cold Point Tropopause (median, C) -84 -82 very similar
Est. Equilibrium temperature (median, C) -69 -65
IR temperature along flight track (avg. of -84 -68 . .
track minima, C) —i.e. min. cloud top T quite different

« Darwin and Cayenne atmospheric parameters are quite similar

« Largest difference is height of cloud tops; Darwin minimum
temperatures 16 C colder than Cayenne

* May be a factor in lower Cayenne IWCs at -50 C...... too close to

cloud top?
16



Appendix D Distance Factor
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Effect of adding FLL-20135, numbers of pts.
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Effect of adding FLL-2015, 99 percentile

TWC

5nm 17.4 nm 50 nm
DRW-14 + | DRW-14 + | DRW-14 + | DRW-14 + DRW-14 + DRW-14 +
CAY-15 CAY-15 + CAY-15 CAY-15 + Cay-15 CAY-15 +
FLL-15 FLL-15 FLL-15
Total
-50C 1.87 1.98 1.72 1.79 1.24 1.54
(-54.9<T<-45) (421) (1007 pts) (110) (285 pts) (27) (75 pts)
40 C 2.39 2.29 2.27 2.18 1.62 1.61
(-44.9<T<-35) (1200) (1726 pts) (313) (449 pts) (78) (114 pts)
-30C 2.68 2.65 2.24 2.35 1.71 2.00
(-34.9<T<-25) (1158) (1972 pts) (300) (510 pts) (77) (130 pts)
-10C 3.01 3.01 2.82 2.81 2.31 2.31
(-14.9<T<-5) (490) (510 pts) (128) (132 pts) (34) (35 pts)
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Effect of adding FLL-2015,

% of Appendix D/P TWC

20

17.4 nm
DRW-14 + | DRW-14 +
CAY-15 CAY-15 +
FLL-15
All 56% 57%
temperatures
listed below
-50 C 46% 48%
(-55<T<-44.9)
-40 C 54% 55%
(-45<T<-44.9)
-30 C 50% 54%
(-35<T<-24.9)
-10C 62% 62%
(-15<T<-4.9)




Conclusions

« Collectively (all Ts), the 99" percentile TWCs remarkably similar between the 3
locations (2.3 + 8% for 17.4 nm distance scale)

* Florida data set adds about 60% more data over DRW+CAY (F20+CV580)
* Florida now dominates -50 C
« Cayenne dominates -10 C
« Fairly even mixture at -30 and -40 C

« Combined Darwin+Cayenne+Florida continues to show a steadily increasing 99t TWC
with increasing temperature — trends similar to Appendix D changes with temperature

« Combined Darwin+Cayenne+Florida data set shows 99t percentile TWC is 48-62% of
Appendix D (17.4 nm), depending on temperature; collectively 57%
* Almost unchanged from Darwin + Cayenne only

« Distance factor from combined Darwin+Cayenne data set similar to Appendix D. But
overestimates <5 nm
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Future work

* Incorporate final IKP TWC data sets:
NRC Convair 580 Cayenne data, rich at-10 C

« Target completion of IKP Appendix D analysis: end of December
2016

« Work with Protat and Delanoe to add remote W-band IWCs (e.g. -50

C while flying at -30 C, etc ) as a secondary data set, and assess
results

22



Thank you

walter.strapp@gmail.com
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Backup Slides
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Review of last update (June 2015)
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Data presented for Darwin-2014 only

99t percentile TWC at 17.4 nm, combining all temperatures,
about 50% of Appendix D (to be shown again this presentation)

Data lacking at -50 C and -10 C
* Focus for Cayenne-2015 project

Properties of Darwin-2014 clouds very similar to those of Japan/
Southeast Asia engine events, as described by Bravin et al.
(2015)



Appendix D TWC vs Distance Scale —
DRW-14 + CAY-15, T=-50 C

Total Water Content (gm's)
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Appendix D TWC vs Distance Scale —
DRW-14 + CAY-15, T=-40 C

Total Water Content (gm's)

Calculations of TWC reduction with Distance, -40 C
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Appendix D TWC vs Distance Scale —
DRW-14 + CAY-15, T=-30 C

Total Water Content (gm's)

Calculations of TWC reduction with Distance, -30 C

4 L

-30C

[ -25<T<-34.9

50% of APP D
At17.4 nm

e

— — — —
—

Ssg@

® Appendix D and distance factor ---
—9— DRW14 -30 degC, 99th perc.
—a— CAY15 -30 degC, 99th perc.

e DRW14 + CAY 15 -30 degC, 99th perc.

7.4

17.4 nm

10

Distance Scale (nmi)

100

Temperature (C)

Temperature (C)

-60

50 +

40 |

-30 +

20 +

-60

-50

40 |

-30 +

20 F

Number of 17.4 nm data points for each temperature leve
T

®

G2 J

—a— CAY15
—e— DRW14

—e— DRW14 + CAY15|

1
50

1
100

1
150

1
200

250

Number of 17.4 nm points

300

T T
—a— CAY15
—3a— DRW14
—e— DRW14 + CAY15|

o @ 2

1 1 1 1 1 1
0.0 0.2 04 0.6 0.8 1.0 1.2

Average IKP TWC gm™

1
1.4



Appendix D TWC vs Distance Scale —
DRW-14 + CAY-15, T=-10 C

Total Water Content (gm's)

Calculations of TWC reduction with Distance, -10 C
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