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[Abstract]

The wake turbulence at the wingtip of preceding aircraft may affect the normal operation of following aircraft. Aircraft are
classified into four categories according to their maximum take-off weight, and horizontal separation is applied with this category
matrix. The FAA and EUROCONTROL revealed that the magnitude and effect of preceding aircraft wake turbulence were smaller
than the current distance separation minima suggest. This new information presents the opportunity for revising wake turbulence
minima into seven categories (RECAT). This paper confirms the feasibility of implementing RECAT at major airports in South
Korea using the draft of ICAO Doc. 10122. The paper also calculates the ultimate runway capacity of Incheon International
Airport in South Korea using the Harris Model and comparatively analyzes the amount of runway capacity. As a result of the
analysis, it was confirmed that the implementation of RECAT could increase the ultimate runway capacity of Incheon International

Airport. This paper's calculation methods and results can be used as primary data for implementing RECAT in other airports.
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Table 1. Wake Turbulence Category[3]

Category MTOW Examples
Aircraft types specified as such in
Super (J A380
uper () Doc 8643

Aircraft types of 136,000 kg or more,
Heavy (H) |with the exception of aircraft types listed| A330, B747
in Doc 8643 in the Super (J)

Aircraft types less than 136,000 kg but

Medium (M
edium (M) more than 7,000 kg

A320, B737

Light (L) Aircraft types of 7,000 kg or less. C172
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Table 2. 2016 ASBU Wake Thread Elements

Element 1 Element 2 Element 3
Increasing Increasin
Revision of the | aerodrome arrival g
. aerodrome
current ICAO wake operational
Block O ) . departure
turbulence capacity (Diagonal . .
separation minima| paired approach operational capacity
(WTMD)

procedure)
Increasing airport

arrival operational

Implement capacity at Increasing airoort
leader/follower | additional airports g airp
T ” departure
Block 1| pair-wise static for parallel

operational capacity

matrix wake runways, with at additional airports

separation minima center lines spaced
less than 760 m
apart

Advanced wake turbulence separation (time—based)

e Rl ¢ <
760m(2,500ft) \ /

18 3. Diagonal paired approach =&}
Fig. 3. Diagonal paired approach procedure
Without applying

J&) J “)) J&) 2-3min delay
- _é( Py -Lessthan

Upwind
760m(2,500ft)

-

1% 4. 2016 ASBU Wake 22~
Fig. 4. 2016 ASBU Wake Element 3

Block 2

Downwind

E 3. 201642} 20194 WAKE thread H|ul
Table 3. Comparison of WAKE thread in 2016 and 2019

ASBU 2016 ASBU 2019
Block 0~Block 2 Block 2~Block 4
Block
(2013~2023) (2023~2033)
Elements 6 12
Matrix 6x6 7x7
Parallel runways, with
) Parallel runways, with center lines spaced less
Applicable| )
Airoort center lines spaced less |than 760m apart, threshold
P than 760 m apart staggers, and/or glide path
height difference
Dependent and
Approach Dependent approach
Independent approach
Procedure procedure
procedure
Block 4 - En—-route Wake Encounter

500



E 4. Wake Turbulence T2+ 22| ZAZ4[3]
Table 4. Wake Turbulence Arrival Separation minima[3]
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Fig. 5. Relationship of Practical Capacity and
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Table 10. Determination of Implementing Airport in Korea

¥ 13. 37| 7 eld 37| S
Table 13. Aircraft speed

B p— Multiple high Operating High rate of Speed(Knots) Speed (RECAT)
Ai t d exit A, B, C
rpor airspace capacity speg e of A380 ekl T Super (J) 150 A 150
taxiway and D aircraft
B 150
ICN Full Yes Yes Yes Heavy (H) 150
GMP Full Yes No Yes C 145
CJu Full Yes No yes D 140
Medium (M) 140
E 140
4-2 BF= 2 ¥
E 14, &37| 72| B37| g HRrl
7L Table 14. Average Runway Occupancy Time
Harris 2138 0] § 3 852 Ao 583 2122 3 30A2 ROT(S ds) ROT (RECAT) Parallel RWY ROT
| econds aralle
ol FolAlth, WA w2 83 AN AL, FU 58 AN
Eﬂ gr;)‘jl- _/’:‘g_%]:.%}‘\_ = ?l_]j‘L [23], [24]. Super (J) 76.51 A 76.51
B 65.35
o _ - Heavy (H) 64.84
2) B4 7P ITY 72 AR c 57.83 10
F10014 BE 215 ek S o 4 D 58.73
S A @A BAL 93 2L Zukrakalyy] Ha ) Medium (M)| 58.7 . ool
= 2NM, FF7-H(final course) 7.9NM, 2 XKerror) |
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# 11, AAXBE Traffic Mix
Table 11. Traffic Mix of Incheon International Airport

Aircraft Category Number of Aircraft |Percentage of Aircraft
J 28 2.2%
H 568 45.6%
M 650 52.2%
L 0 0%
A 1246 100%

E 12, 8137| slelnald 28
Table 12. Probability of Aircraft Category

Follower
Leader
H M L
H 0.001 0.010 0.012
M 0.010 0.208 0.238
L 0.012 0.238 0.272
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Fig. 8. Runway Occupancy Time by Aircraft
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¥ 15. Error—Free Case & AHE A2t
Table 15. Error-Free Case Matrix
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Fig. 9. Time-Space Diagram of Closing Case
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Leader Follower(Seconds)
(Seconds) H M L
H 72.000 120.000 193.543
M 72.000 96.000 142.114
L 72.000 72.000 77.143
.
Distribution of Without Buffer
Aircraft Position
~
———

Runway

Real Aircraft Position

.

With Buffer
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Fig. 11. Understanding of Position Error
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Fig. 10. Time-Space Diagram of Opening Case

E 16. Buffer AlZ+
Table 16. Buffer Time Matrix

Leader Follower(Seconds)
(Seconds) H M L
15.840 15.840 3.840
M 15.840 15.840 7.269
15.840 15.840 15.840
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E 17. Buffer Et AIZHAT))
Table 17. Sum of Error-Free and Buffer Matrix(AT;)

19, T2 37| Alolofl o|F 2 # s 379 =7t

Table 19. Number of Departure per Runway Gap

Leedkr Follower(Seconds) Follower
Leader
(Seconds) H M L H M L
H 87.840 135.840 197.383 H 1 1 2
M 87.840 111.840 149.383 M 1 1 1
L 87.840 87.840 92.983 L 1 1 1
_ AT e S S 8 7 ST, o[ 22 1309
E 18, U8 F(AT) & Hli= 1A13E B3t 717} AaA ol FE < ol A5E o
Table 18. Multiplication of Probability and AT; v 5k}
Ly Follower(Seconds)
(Seconds) H M L E(T,) = Xp;llt,] (10)
H 0.044 1.392 2.314
M 0.900 23.241 35.524 E( E]) = 120.703 an
1.030 20.889 25.304
3600
cd = 7T (12)
olgl|e] 4=2] 55 Ul O = Case AlZH} Buffer A17HS AL d
ato] ATygkE AEste]of gtk 1 g2 3% 179} 2t
Cd = 29.825 (13)
A TZJ m,-]»-l-bw (%) .
3) TR A

F3HE B 183 2 ANE ©E3 5 lom AEH 7S o}
FateA] S 524 T} e e BE T S QlTk

Ca = 32.538 ©)
2) S TEF AN

S 129 vl FEI E 5o LY &
2] H5gks of-8ato] AAETT) 3 59 Wk AA 1M T
&
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Fig. 13. Excel Spreadsheet for Capacity Calculation

T 20. 252 Hof +3F HER|
Table 20. Comparison of Current and RECAT Capacity

Current RECAT Rate of Change
Arrival 64 72 12.5%
Departure 66 72 9.1%
Mixed 130 144 10.8%
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