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This study aims to evaluate the safe operating envelope (SOE) for light aircraft carriers using a computational fluid dynamics
(CFD) modeling database of flight deck air—wake, Assessing the SOE is crucial for ensuring the safe operation of carrier—based
aircraft, particularly during take—off and landing maneuvers, Traditional methods that only consider relative wind envelopes
(RWE) provide basic information but fail to account for the complex airflow patterns over the flight deck, To address this
limitation, this research utilizes CFD to analyze the air—wake and integrate these findings into the SOE assessment, Various
studies on CFD modeling of airflow around naval ships and aircraft carriers were reviewed, confirming the importance of
accurate airflow databases for operational safety, This study employs the KRISO—CVX1 model, a light aircraft carrier designed by
the Korea Research Institute of Ships & Ocean Engineering (KRISO), to demonstrate the application of CFD data in SOE
evaluations, The methodology involves a detailed analysis of turbulent flow and thermal fields around the carrier deck under
different wind speed, direction, and ship speed conditions, The results indicate significant variations in air—wake characteristics
depending on the relative wind speed and direction, impacting the operational safety of carrier—based aircraft, This study
emphasizes the need for incorporating CFD—based airflow data into SOE assessments to enhance the accuracy and reliability of
operational safety evaluations for aircraft carriers, In conclusion, the integration of CFD air—wake modeling databases provides a
more comprehensive approach to assessing the SOE, offering improved safety margins for carrier—based aircraft operations, This
research is expected to contribute to the development of more robust and precise operational guidelines for naval aviation,
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KRISOOi|A] K& AdA[SH AEte 2= KRISO-CVX1 S CHAe 2
SOE HIE $lision] MMl X2lnt of 25 2|Xl(spot)e| He|
= Fig. 10l LIERQICEL 071 2 B2 olEkz(olet e At
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Fig. 1 Schematics of KRISO-CVX1: (a) principal dimensions
with deck layout and (b) takeoff and landing spot
positions
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Table 1 Takeoff and landing criteria for SOE
ltem

Criteria
Standard deviation of the
vertical airflow velocity of

1.75m/s

2°C temperature increase

The limit for flight deck
airflow allowing for helicopter
take—off and landing
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M
A

_I Assumptions for stack gas analysis |

= Wind speed and direction / Ship Speed
= Ambient Temperature

Generator)
= Exhaust Mass Flow Rates
= Optional: Wind Profiles

= Exhaust Gas Temperatures (Gas Turbine and Diesel Power

= Compressible flow

= The molecular behavior of exhaust gas is governed
by the Ideal gas law

= The exhaust gas consists of 3 or 4 compounds (N,
O, CO,, HO)M

= Minor species pollutants are ignored but can be

.| Solver ‘

considered in the concentration analysis

= Calculation of velocity and temperature fields using CFD

<1

.| SOE Criteria l

wind speed and angle)

= [CFD DB] 2°C temperature increasel?

= Simple calculation of relative wind envelope (i.e. relative

= [CFD DB] 1.75m/s standard deviation of vertical velocity!?!

Tabl . Gastrbineexhaust emssions

= Non chemical reactions

=y L

Quantitative Estimations
20.5% 32.6%
a

BEOEROE T

[RWE + STD criteria]  [RWE + Temperature criteria]

[¢]

303% 364% 424% 50.8% 50.8%

Visualization and Qualitative Estimations

[Iso-surfaces of temperature with
STD contour]

[Iso-surfaces of 2, with STD contour]

[1] Pavri and Moore, Gas Turbine Emissions and Control, GE Energy Services, Atlanta, GA
[2] UK Civil Aviation, 2021, Standards for offshore helicopter landing areas , CAP437

Fig. 2 Overall procedure for air-wake and stack gas analysis in SOE
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Table 2 Test matrix for SOE evaluation

No Sea state Wind Ship speed | Wind direction
’ (SS) speed [kis] [kts] 01°]
1 0
2 SS3 13.5 10
3 20
4 0
2 SS4 19.0 128 0° - 330°

7 0 [A0=30" ]
8 SS5 24.5 10
9 20
10 10
1 SS6 375 0
Total 132 cases

345 9 15 Wind
directions

Fig. 3 Definition of wind and ship directions
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Fig. 4 Numerical details for air-wake and stack gas analysis
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Fig. 5 Comparison of SOE results for low and high fidelity
analysis: (a) Spot 5 and (b) Spot 6
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* Red surfaces (inlet, outlet, top and side walls)
- BC type: velocity inlet

- Velocity input: Wind speed with NPD Profile

- Temperature input: 15°C (ISA standard day conditi

= Other surfaces (ship and bottom walls)
- BC type : No-slip BC
- Ship: smooth wall
- Bottom: rough wall

Fig. 6 Computational domain and boundary conditions

'| Calculation of STD of vertical velocity and mean temperature I

Solution Time 100 (5)

P
Convergence L

Lo an w a
T

sqrt(STD) [mis]

Spot #

‘\“\ W‘ “‘l u‘r‘.lf"“fl“'\‘i““

|
\ el
s - 30s-B 30s - B

Fig. 7 Calculation procedures for standard deviation of vertical
velocity and mean temperature
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Table 3 Visualizations of air-wake and stack gas flow

Air-wake visualizations Stack gas visualizations

Ship speed 0 kts Ship g Ship speed 0 kis
. - . 7 e

01°]

1000

180

150

120

Sotaon ime 10005 souion Time 505 Soaion ime 10005

60

30

330

300

270

240

210

180
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Turbulent Gusts Separating
» from Unsteady Bow Flow

Turbulent Wake
Flow Behind Island

Reverse and Separated

“Necklace” Vortex Around
Base of Island

http:/iwww.g2mil.
Ccom/TRAAC_
Shipboard
_OPS.pdf

“Necklace” Vortex Around
Base of Ship

(Generally below deck edge
and very weak)

Ship aerodynamic environment is very complex;
large gradients in local speed and direction,
which vary with relative wind speed and direction
(and presence of other aircraft).

“Wingtip” Vortex
(Inboard of deck edge spots, at rotor height)

Fig. 8 Basic flow structures around USN amphibious assault
ships(http://www.g2mil.com/TRAAC_Shipboard_OPS.pdf)
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