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The objective of this study is to experimentally determine the effect a compound helicopter

fuselage has on the forward flight performance of a pusher propeller through wind tunnel testing

in the Glenn L. Martin Wind Tunnel (GLMWT). This systematic test campaign has built off

of previous compound helicopter test campaigns at the University of Maryland (UMD) where

various vehicle configurations have been tested at high advance ratios. A new pusher propeller

test stand for thrust augmentation of an existing single main rotor test stand has been designed

and fabricated along with a composite pusher propeller. Wind tunnel tests were carried out with

three distinct vehicle configurations: isolated propeller, isolated fuselage, and finally fuselage

with propeller. The effects of fuselage placement on propeller performance are investigated

through measuring propeller loads along with two-dimensional three-component phase-resolved

particle image velocimetry (PIV) measurements. The PIV measurements were obtained in a plane

parallel to the airflow located between the pusher propeller and fuselage elements; they illustrate

the aerodynamic interactions between the fuselage and propeller at various flight speeds and



propeller RPMs. The PIV measurements are then used to inform two different inflow models used

in Blade Element Momentum Theory (BEMT) to predict the effects of the fuselage on the pusher

propeller’s performance. The first model assumed the measured PIV inflow was the same across

the propeller’s azimuth, and the second split the propeller’s disk into regions which experienced

either the freestream flow or the measured PIV flow based on the projections of the single main

rotor test stand’s hub and support post on the propeller’s disk. Flow field measurements showed

a reduction in axial flow velocity closer to the propeller root, whereas at the outboard 20% of

the propeller’s radius, the flow remained close to freestream velocity. The azimuth-symmetric

model gave more accurate overall performance predictions when the propeller was operating

behind the fuselage. The thrust over power ratio of the propeller increased in this configuration

compared with the isolated propeller. Overall propulsive efficiency remained similar to the

isolated propeller configuration for the propeller tested.
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Chapter 1: Introduction

1.1 Compound Helicopter De�nition and Brief History

The ability of helicopters to take off and land vertically provides invaluable capabilities in

many diverse �elds from runway independent mobility, medical transport, search and rescue,

wild�re �ghting, cargo transport, and military applications. Although the single main rotor

(SMR) helicopters' hover performance gives them unparalleled �exibility, much work has been

done since their introduction into widespread service to increase their maximum forward �ight

speed to further improve mission capability and envelope.

Increasing the maximum �ight speed of SMR helicopters comes with several challenges.

As an SMR helicopter �ies faster, the advancing side of the rotor crosses into the transonic speed

region shown in Figure 1.1. Operating in this airspeed region signi�cantly increases drag on the

rotor, leading to an exponential increase in the power required by the rotor, making a conventional

high-speed SMR unfeasible. The rotor speed can be reduced to delay the increase in drag on the

advancing side of the rotor. However, reducing the rotor speed leads to a reduction in the overall

lift and thrust of the rotor. Furthermore, the rotor's advance ratio (� ) de�ned as the helicopter's

forward �ight speed normalized by the main rotor's speed, also increases due to the reduction

in rotor tip speed. As a result, both the reverse �ow region of the rotor and its susceptibility to

reverse �ow stall increase as shown in Figure 1.1, creating signi�cant dif�culties when attempting

1



(a) Conventional Speed SMR (b) High Speed SMR

Figure 1.1: Effects of Increasing SMR Helicopter Speed on Main Rotor

to trim the rotor's rolling moments. Compound helicopters combat the reductions in lift and thrust

from reducing the main rotor RPM via the addition of a wing and pusher propeller to augment

the lift and thrust produced by the vehicle, respectively. Compound helicopters with pusher

propellers are the focus of this work.

Compound helicopters are not novel con�gurations; some of the �rst examples of SMR

helicopters augmented with either a wing and/or propeller are found during the mid to late

1950's with the McDonnell XV-1, Fairey Rotodyne, and Mi-6 heavy-lift helicopter which had

a detachable dual wing with asymmetric wing incidences between the advancing (14°15') and

retreating (15°15') sides of the rotor [3]. As shown in Figure 1.2, development of compound

helicopters continued with the Lockheed AH-56 Cheyenne that investigated the performance

of a compound attack helicopter [1], the Boeing BV-347 Vertol, which studied feasibility of a

variable incidence wing with on Chinook models [2], and the Sikorsky S-72, which provided a

�ying platform to test new rotor designs at very high speeds and wide envelope ranges [1].
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(a) Fairey Rotodyne - 1957 (b) McDonnell XV-1 - 1954

(c) Lockheed AH-56 - 1967 (d) Boeing BV-347 - 1970

(e) Mil Mi-6 - 1959 (f) Sikorsky S-72 RSRA - 1976

Figure 1.2: Historic Examples of Compound Helicopters

Even with the creation of several compound helicopter research programs and �ight vehicles

throughout the 20th century, compound helicopters ultimately did not gain widespread popularity

or adoption due to issues pertaining to high vibrations, structural complexity, and aerodynamic

interference. However, in the early 2000s - owing to advances in manufacturing, variable-speed

engines, and analysis tools - they have seen a resurgence in the form of the Sikorsky X-2, Piasecki

X-49A, S-97 Raider, Boeing-Sikorsky SB-1 De�ant and Airbus RACER [4, 5, 6, 7]. Despite this

3



resurgence, there remains limited open test data on compound helicopters.

1.2 Previous Compound Helicopter Research

Figure 1.3: Previous UMD Compound
Rotorcraft Wind Tunnel Testing [10]

The majority of past compound helicopter

studies investigated the effects of augmenting

lift and thrust on overall vehicle performance

and blade structural loads. The University

of Maryland has conducted several parametric

compound helicopter wind tunnel tests with

various con�gurations beginning from 2023 to

the present, the UMD compound rotor is mach-

scaled to the UH-60 rotor blades. These studies

highlighted that when an SMR helicopter was augmented with wings and a pusher propeller,

overall vehicle lift-to-drag ratio improved, peak-to-peak blade loads, moments, and hub vibratory

loads were reduced. Additionally, the required cyclics for trimming the vehicle in forward �ight

were decreased [8, 10, 11, 12]. These studies did not speci�cally examine pusher propeller

performance.

Boeing conducted a series of tests of a 30% scaled model of AH-64E modi�ed into a

lift and thrust compound con�guration in the Boeing V/STOL Wind Tunnel (BVWT) [13];

however, these results are not publicly available. Sikorsky conducted performance tests of a

1/5-scale powered SB-1 De�ant model, a compound coaxial helicopter, [14] but this test data

is qualitative only and they do not highlight performance of the compound helicopter's pusher
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