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ABSTRACT

The research is intended to provide a pragmatic early-stage design
methodology for evaluation of shipborne helo operations and a better understanding
of the complex flow physics due to the interaction of the ship airwake with a
simplified modelled rotor downwash near the helo deck, with available experimental
and computational resources. The primary motivation factors for the study have been
limited to coupled ship-helo flow dynamics studies and non-availability of a pragmatic

procedure for evaluation maritime helo operations during early design stages.

The research includes both conventional literature review and a study of the
extant ship geometries alongwith operational procedures (international frigates and
destroyers - identification of critical superstructure geometry parameters). The
research work involves both experimental and numerical studies undertaken on a

coupled ship airwake with a simplified/modelled rotor downwash (SRD).

The experimental studies comprise of both quantitative Experimental Flow
Measurements (EFM) and qualitative Experimental Flow Visualisation (EFV) studies
on a Simplified Frigate Ship (SFS 2) and SRD model, in a wind tunnel. These studies
have provided invaluable authentic in-house data for subsequent numerical model
validation, followed by parametric numerical studies. Detailed mapping of the
flowfield on multiple planes using five-hole probe measurements at a fixed SRD
location and constant advance velocity ratio, a = 1 have been undertaken in the EFM
studies. Where a is the ratio of ship velocity (Vs) to the resultant of ship velocity and
SRD velocity (Vr). Analyses of the flow field on the planes using contour plots,

vector plots and wiremesh diagrams of the relevant flow velocity components from

Vii



the measured data (steady flow parameters: velocity components and planar velocity
in all three directions), provides detailed insight into the flow structure. The EFV
studies involves 98 smoke seeding based parametric cases in the wind tunnel. The
sub-studies include identification of critical Reynolds number for flow similarity,
Isolated ship airwake topology analysis, SRD variation studies for coupled ship and
downwash conditions (advance velocity ratios, positions, landing/take-off
trajectories), effect of flow modification either passive(hangar geometry) or active
(rotating cylinder). A large volume of experimental data has been generated in terms
of recordings and still frames from these studies. Three primary zones of interaction
based on the advance velocity ratio (a) with their potential influence on the pilot

workload has been a critical output of this study.

The numerical studies have been undertaken using the commercial CFD tool -
ANSYS FLUENT. This includes detailed validation studies of the numerical
technique against in-house experimental results (EFM and EFV). Subsequently,
parametric CFD investigation with varying ship-helo combinations are studied. These
cases include spatial/velocity ratio based SRD variation for: landing location,
landing/take-off trajectory studies and flow modifications. The analysis includes
guantitative statistical value-based approach for comparison of the flow variables

(planar values on rotor planes), alongwith probable effects on pilot workload.

The final results of the study comprises of recommended safe windows for
coupled ship airwake/SRD configuration with possible low pilot workload in terms of:
Safe advance velocity ratio, Overall landing spot recommendation, suggested

landing/take-off trajectory, turbulence intensities variation effects, flow improvement

viii



device effectiveness (active and passive) etc. A major contribution has been the
validation of simplified SRD-based methodology (with combination of wind tunnel
experiments and CFD simulations) for an early-stage ship/helo configuration design.
Finally, suggestions for possible future research on the topic have also been

enumerated.
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Aérospatiales - French Aerospace Lab (Lille), France

OoP Orifice Plate
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PIV Particle Image Velocimetry

PTP Production Tests Pilots
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Ship Airwake Measurement System

Search and Rescue

Sub Grid Scale

Ship Helicopter Operating Limits

SRD Influence Ratio

Subject Matter Expert

Steady Rotor Model

Warship Super Structures

The Technical Cooperation Program
Unmanned Aerial Vehicle
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USNA United States Naval Academy

VERTREP Vertical Replenishment
VFD Variable Frequency Drive
WOD Wind Over Deck

xlv



NOMENCLATURE

Area of low momentum /high smoke density area on

ALm helodeck
AHDK Area of helodeck
B Breadth of hangar
b Half-breadth of hangar
P; — By,
Calibration Function Q, 1pV2
2
. . . H-P
Calibration Function S, s
PS - Pm
I : Py — Py
Calibration function f(8)
PS - Pm
o : P,—P,
Calibration function f ()
P; — Py,
Corp Discharge coefficient of Orifice Plate
D Diameter of the cylinder on model
Dor Pipe diameter connected to Orifice Plate
D/h Normalised diameter of cylinder
Dr Indicative diameter of Helo/SRD rotor
D+/ LHpk Normalised indicative diameter of Helo rotor
dor Diameter of the orifice hole
F, Area factor for thermal expansion of Orifice Plate
fsLr Shear Layer Flapping Frequency

Gap between Inclined plate and the hangar at the edge

G of hangar top

h Height of hangar

H Total Pressure

Hsrs Height of Step in BFS

kts Knots

LMAR Low Momentum Area Ratio, ALm/Anpk
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LHpk Length of Helodeck

Ln Length of notch in Hangar shapes
Lr Ratio of the length of recirculation to the height of the
hangar, RLR, (IrR/h)
Lss Length of Superstructure
Ls Length of Ship model
L1 Tapping point position prior OP from OP centreline
L2 Tapping point position post OP from OP centreline
Ir Length of recirculation on helodeck
Isi Length of forward tip of smoke inception from hangar
P, Pstat Static Pressure
P1, P2, P3, P4, Ps Pressures sensed by 5-hole probe
b P,+P,+P;+P,
4
P, Upstream absolute pressure on Orifice Plate
Qm Mass flow rate across the Orifice Plate
Qor Volume-based flow rate across the Orifice Plate
Re Reynolds number
Res Local Reynolds number of ship velocity
Rer Local Reynolds number of SRD downwash velocity
Reor Local Reynolds number in OP
SFS Simplified Frigate Ship

SRD Influence ratio on recirculation, Ratio of the length
SIR of forward tip of smoke inception from hangar to the
height of the hangar, Isi/h

SRD Simplified Rotor Downwash

TI Turbulence Intensity

top Orifice plate thickness

Uref Reference Velocity in BFS

v Total velocity vector at a point, \/(Vx ) +(V, )2 +(V, )’
Vmag' Normalised total velocity vector at a point
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Vs
Vr

VR

Vw

Vwind

Vwod , WOD
V'

Vx, u

I

u'u', v'v', w'w’

WOPWOD

WPWOD

WPWD

X direction

Velocity vector of ship motion

Velocity vector of downwash through SRD

Resultant velocity of ship velocity and SRD downwash
velocity, / (Vs)? + (V,.)?

| Vwod |, Free stream velocity in wind tunnel

Velocity vector of Wind

Velocity vector of Wind Over Deck

Normalised velocity component in x direction

Velocity component in x direction

Mean of normalised x component of velocity

Tangential velocity vector on x-y plane, _|(V,)? + (Vy)2

Normalised tangential velocity vector on x-y plane

Tangential velocity vector on x-z plane, \/ (V;,)? + (V,)?

Normalised tangential velocity vector on x-z plane
Normalised velocity component in y direction

Velocity component in y direction

Tangential velocity vector on y-z plane, f(Vy)2 + (V)2

Normalised tangential velocity vector on y-z plane
Normalised vertical component of velocity (in z direction)
Vertical Component of velocity (in z direction)

Mean of normalised vertical component of velocity

Diagonal components of Reynolds stresses in terms of
velocity fluctuations in x, y and z directions respectively

Without Pipe Without Downwash (Only Ship)
With Pipe Without Downwash (Ship with SRD switched

off)
With Pipe With Downwash (Ship with SRD switched on)

Longitudinal direction along length of ship
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X', X/LHpk
Y direction
y', ylb

Z direction

Z', z/h

a

Bop

& OP

Ah
Ap

Normalised x coordinate
Transverse / Athwartship direction
Normalised y coordinate

Vertical Direction

Normalised z coordinate
Advance Velocity Ratio, (Vs/ Vr)

Diameter ratio of Orifice Plate, (d/D) op

Ratio of the tangential velocity of the cylinder
circumference to the free stream velocity

Ratio of Reynolds number of Ship and SRD velocity,
ReS/ReR

Turbulent dissipation rate

Expansibility factor in OP flow

Turbulent Kinetic Energy

Turbulent viscosity

Density of air

Density of the fluid at the upstream condition of OP
Pitch Angle of wind over deck at a given point

Yaw Angle of the wind over deck at a point
Specific dissipation rate

Manometer pressure head

Pressure differential across Orifice Plate
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