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ABSTRACT

The state of the art of STOL aerodynamic technology fcr selected
lift/propulsion concepts has been surveyed to identify the
available test data and prediction methods in the literature.
The report consists of two volumes.

In Volume I important areas of technology and information
necessary for the evaluation of STOL aircraft aerodynamics are
listed; the aerodynamic test data and prediction methodology
relevant to the deflected slipstream and externally blown flap
concepts are assessed, with emphasis on the latter; an empirical
method for the prediction of the longitudinal aerodynamic char-
acteristics of externally blown flap configurations is presen-
ted; and high-lift technology for five lift/propulsion concepts
is assessed in application to a medium-sized STOL transport.

Volume II consists of a bibliography that resulted from a litera-
ture search for aerodynamic information related to seven 1lift/
propulsion concepts suitable for STOL aircraft. The bibliogra-
phy contains references to approximately 900 reports classified
by concept and by technological area.
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INTRODUCTION

This document, consisting of a bibliography of STOL aerodynamic
test data and prediction methods, constitutes Volume II of the
final report of the "STOL High-Lift Design Study"”.

The purpose of the study was to assess the aerodynamic state
of the art of near-term STOL aircraft concepts and to determine
technological programs needed to correct design engineering
deficiencies.

The first part of the study consisted of identifying the
important aerodynamic technology areas in STOL design and
listing the specific information required to permit STOL air-
craft design work and the analysis and evaluation of competing
designs. This listing was then used as a guideline in a
literature search to discover that portion of the required
information that is available in the open literature. The
scope of the literature search included seven lift/propulsion
concepts that are po*entially useful for near-term STOL trans-
port aircraft. For the purposes of classification of the
literature the listing of required information was divided into
six areas of technology. In general terms, two classes of
literature were collected: test data and prediction methods.

SCOPE OF THE LITERATURE SEARCH

The literature search was made in order to identify the avail-
able test data and prediction methods relevant to the aero-
dynamics of seven STOL lift/propulsion concepts. The seven
concepts were the Externally Blown Flap; Propeller-Driven
Deflected Slipstream; Jet Flap; Mechanical High-Lift Devices
including Boundary Layer Control; Fan-in-Wing; Tilt-Wing; and
Direct-Jet-Lift concepts.

The technological areas in which literature was sought were
Forces and Moments, Flow Fields, Ground Effect, Stability and
Control, Handling Qualities and Criteria, and Testing.

In addition to the seven STOL concepts and the list of techno-
logical areas, a further classification entitled "General" was
included to cover literature that was relevant to a number of
concepts or areas without being specific to any of them.

SOURCES OF LITERATURE

The main body of references was obtained by means of automated
literature searches carried out by the Defense Documentation

Center and by NASA and Boeing Company libraries. Other sources
of literature included the NASA STAR Tndex, Royal Aeronautical



Society Library Acquisition List, and a number of relevant
AGARD bibliographies. Additional references were obtained by
scanning the professional journals.

CLASSIFICATION OF THE BIBLIOGRAPHY

The references in this bibliography are classified at three
levels and are identified by a 4-place numbering system. At
the first level two major classes are employed that include
all others: I, PREDICTION METHODS, and II, TEST DATA.

The second level of classification indicates the STOL concept
to which the information is applicable. The order is shown
below; the numbers shown against the named concepts appear as
the first Arabic numeral. The STOL concepts included in the
search were:

Externally Blown Flap

Deflected Slipstream

Jet Flap

High-Lift Devices

Fan-in-Wing

Tilt-Wing

Jet-Lift

General - related to some or all of the above concepts

QO ~J O U b W+
e s o o o o o o

At the third level of classification, within the STOL concept
grouping, are the areas of technology. These appear in the
order shown below; the identifying number appears third in the
reference number. The technological areas researched are:

Forces and Moments

Flow Fields

Ground Effect

Stability and Control

Handling Qualities and Criteria
Testing

General

~SNoUies W

The "General" classification is again included to cover areas
less specific than items 1 through 6.

The fourth part of the reference number indicates the location
of the reference within its particular technological area
subgroup.

The following example illustrates the numbering system:

I1I1.3.1.2
®second reference

Forces and Moments
Jet Flap

Test Data

gy Qi Omq OWS

pa— [E—1 [T -?wg
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SECTION I

PREDICTION METHODS



I.1 EXTERNALLY BLOWN FLAPS

No prediction methods were found
during the literature search.
The only known available method
is that given in Section 4 of
Volume I of this report.
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I.2.l

I.2,1.1

I.2.1.2

I.2.1.3

Il20104

I.2.1.5

I.2 DEFLECTED SLIPSTREAM

Forces and Moments -

THEORY OF WINGS IN SLIPSTRFAMS, H. S. Ribner U.T.I.A.
Report 60, May 1959.

A general potential theory has been developed for
the aerodynamics of a wing in one (or more) slip-
streams of arbitrary shape or position. The

central idea, involving the use of a "reduced"
potential within the slipstream jet, is representa-
tion of the flow by means of two distributions of
vortices (or doublets): one over the wing and

its wake, and the other over the jet boundary.

INFLUENCE OF THE PROPELLER ON OTHER PARTS OF THE
AIRPLANE STRUCTURE, C. Koning in Aerodynamic Theory
Ed. W.F. Durand, Pub. Dover 1963, (original Pub.
1935).

A small perturbation potential flow approach is used
to calculate propeller slipstream effects. The
wing is represented by a lifting line and the com-
bined flow is obtained by superposition. Includes
expressions for the change of lift, drag and pitch-
ing moment and shows some comparison with experi-
mental data.

A PRELIMINARY THEORETICAL INVESTIGATION OF THE
EFFECT OF PROPELLER SLIPSTREAM ON WING LIFT, E. W.
Graham, et al, Douglas Report No. SM-14991,
November 1953.

ESTIMATION OF INCREASE IN LIFT DUE TO SLIPSTREAM,

R. Smelt and M. Davies, ARC R&M 1788, February 1937.
A theoretical method is used to estimate the incli-
nation and velocity of a propeller slipstream and
then to calculate the increase of lift of a wing
placed behind the propeller. The result is compared
with some test data and shown to be of good accuracy
provided the wing bears no high lift devices.

A STABILITY ANALYSIS OF TILT-WING AIRCRAFT
(ANALYTICAL) by Charles H. Cromwell, III, and Henry
E. Payne, III, Princeton University Report No. 477.
A general development of methods for predicting
aerodynamic stability derivatives of propeller-
driven tilt-wing vertical takeoff and landing (VTOL)
aircraft is presented.

The concept of slipstream dynamic pressure (gq") is
reviewed along with the basic assumptions behind it

5



1.2.1.6

and their limitations. The use of q" is then ex-
tended to give a semi-empirical method of predicting
lift and drag on a wing, at any tilt angle, which

is fully immersed in slipstream. This analysis is
justified by experimental data, and other wind tunnel
data which was taken for a general tilt-wing trans-
port model is presented.

The linearized small-perturbation equations of motion
are reviewed and then adapted to the tilt-wing air-
craft. The aerodynamic terms in the stability deri-
vatives are evaluated in general form using either
experimental data or the theoretical method pre-
viously mentioned to account for the wing's contribu-
tions. The other components of the aircraft consi-
dered as contributing to stability are propeller,
fuselage anc tail.

The methods devised for predicting the stability
derivatives are then used to make an illustrative
series of calculations for the Hiller X-18 test bed.
The stability roots are calculated, and the air-
craft's characteristic response is determined by use
of an analog computer.

THE ANALYSIS OF PROPELLER-WING FLOW INTERACTION,
Antony Jameson, NASA SP-228.

Theoretical methods are developed for calculating
the interaction of a wing both with a circular slip-
stream and with a wide slipstream as might be pro-
duced if the slipstreams of several propellers
merged. To simplify the analysis rectangular and
elliptic jets are used as models for wide slip-
streams. Standard imaging techniques are used to
develop a lifting surface theory for a static wing in
a rectangular jet. The effect of forward speed is
analyzed for a lifting line in an elliptic jet, and
a closed form solution is found in the case when the
wing just spans the foci of the ellipse. A conti-
nuous wide jet is found to provide a substantially
greater augmentation of lift than multiple separate
jets because of elimination of edge effects at the
gaps. Calculations based on these methods show good
correlation with experimental data for wings without
flaps, but deflection of flaps seems to result in

a greater turning effectiveness than might be ex-
pected from the theory. Reference is made to Kuhn's
correlation of 6/6 with cf/c (NASA Memo 1-16-59L).

No consideration is made of slipstream rotation
effects.
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I.2.1.7

I.2.1.8

I.2.1.9

EFFECTS OF PROPELLER SLIPSTREAM ON V/STOL AIRCRAFT
PERFORMANCE AND STABILITY, L. Goland, N. Miller,

and L. Butler, Dynasciences Corp., Fort Washington,
Pa., DCR-137 (TRECOM TR 64-47).

Presented is an analytical investigation of the aero-
dynamic forces acting on wina-prope ler combinations
including the effects of propeller slipstreams. The
results of the developed theory are then applied to
typical two- and four-propeller VTOL and STOL wing
configurations. Correlation with existing test data
is shown to be poor except when propeller thrust is
dominant, and flap deflection is small. Considera-
tion is also given to such associated items as the
effects of the slipstream on (1) wing stall (2) air-
craft take-off and landing performance and (3) air-
craft stability and control.

AERODYNAMIC FACTORS TO BE CONSIDERED IN THE DESIGN OF
TILT-WING V/STOL airplanes, M.O. McKinney, R. H.
Kirby, and W. A. Newsom, New York Academy of Sciences
Annals, Vol. 107, Art.l, March 25, 1963, p. 221-248.
Discussion of the aerodynamics of tilt-wing V/STOL
aircraft specifically covering the effects of wing
span and wing stall. It is found that a large wing
span is desirable from the transition, STOL, and
cruise performance standpoints. The wing tends to
stall in transition, particularly in descent, and
has serious effects on performance, flying qualities,
and buffet. The wing stalling and its adverse
effects can be relieved or eliminated by the use of
sufficiently large wing chord, flap, and leading-edge
high-1lift devices. Ground proximity tends to cause
an increase in lift, but also causes adverse dynamic
effects on flying qualities and adverse effects on
STOL performance. Treated in detail are (1) slip-
stream flow along the ground; (2) hovering control
power in roll,yaw, and pitch; and (3) unstable pitch-
ing and rolling oscillations in hovering flight. No
prediction method is included but basic physical con-
siderations necessary are covered.

DETERMINATION OF BREGUET 941 STOL AIRCRAFT TRANSI-
TION VELOCITIES WITH VARIOUS FLAP DEFLECTIONS, Harlan
D. Fowler, Society of Automotive Engineers, Interna-
tional Automotive Engineering Congress, Detroit,
Michigan, January 11-15, 1965, Paper 960C, 27p.
Description of a method for calculating the transi-
tional velocities associated with various flap deflec-
tions for the Breguet 941 deflected-slipstream STOL.
Basic lift and drag curves of the Breguet type of
triple-slotted flaps are developed, and accurate

7



I.2Il.9

I.2.1.10

I.2.l.ll

(continued)

power and thrust levels for takeoff, climb, and stall
are determined. The vital role of induced drag due
to flaps is clarified, and the effect of the thrust
coefficient on the 1lift of the wing with zero flap
deflection is evaluated. 1In addition, the drag
caused by the slipstream dynamic pressure over the
wing is found. Transitional velocities for climb,
takeoff and landing are calculated, and formulas

are presented for determining the takeoff and landing
distances for this type of aircraft. The calcula-
tions are found to agree well with flight test data.

A LIFTING SURFACE THEORY FOR WINGS EXTENDING THROUGH
MULTIPLE JETS IN SEPARATED FLOW CONDITIONS, E.
Cumberbatch, October 1963. V.R.C. Peport No.lO0.

A lifting surface theory for wing-propeller slip-
stream interactions in separated flow conditions was
developed. The case where the flow over wing por-
tions immersed in the propeller slipstreams (jets)
is attached while the flow over the wing outside the
jets is separated has been treated in detail. The
case where flow is separated both inside and outside
the jets may be analyzed in a similar manner. The
theoretical development combines non-separated flow
analyses based on the Rethorst lifting surface solu-
tion with cavitation (separated flow) theory de-
veloped by Wu and Wang. A lifting surface represent-
ation based on a generalization of Weissinger's
approximation was developed. 1In the separated flow
regions, the location of the lifting 'line and the
station where downwash boundary conditions must be
satisfied are determined from cavitation theory
and/or experimental results.

A LIFTING SURFACE THEORY FOR WINGS AT HIGH ANGLES

OF ATTACK FXTENDING THROUGH MULTIPLE JETS, E.
Cumberbatch (Vehicle Research Corp, Rep. VRC No.9)
This report consists of the first and second parts
of the three part analytical portion of the high
angle of attack theory (third phase) of VRC's pro-
gram of developing methods for assessing the non-
uniform flow fields of wing-propeller slipstream
aerodynamics. The three parts of the third phase
effort are comprised of: (l) wings located at var-
ious heights in the jet, (2) highly cambered wings
as used in deflected slipstream V/STOL arrangements,
and (3) tilt wing configurations where the jet is at
an angle to the freestream flow. The present report
contains the basic theoretical development of the
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I.2.1.1l

I.2.1.12

I.2.1.13

1.2.1.14

(continued)

first two parts enumerated above. This portion of
the third phase effort has greatly extended the
applicability of the analysis by encompassing de-
flected slipstream V/STOL arrangements currently
under development.

AERODYNAMIC PROBLEMS ASSOCIATED WITH V/STOL AIPCRAFT,
Volume II, PROPULSION AND INTERFERENCE AERODYNAMICS,
Cornell Aeronautical Lab, Inc., Buffalo, N. Y.

June 1966.

Contents: Predicted and measured performance of two
full-scale ducted propellers; aerothermal dynamic
performance of a high bypass tip turbine cruise fan
system; thrust deflection nozzles for VTOL aircraft;
shrouded propeller research at Mississippi State
University leading to application on the United
States Army XV-11lA; the 1lift, drag and stability of
wings immersed in propeller slipstream; aerodynamic
properties of airfoils in non-uniformly sheared
flows; experimental investigation of compound heli-
copter aerodynamic interference effects; maximum
lift coefficient for STOL aircraft; a critical re-
view.

A COMPUTER STUDY OF A WING IN A SLIPSTRE2M, N. D.
Ellis, February 1967, Report No. UTIAS-TN-101.

2 FORTRAN IV program for the IBM 7094-11 digital
computer has been formulated based on a theory of
wing-slipstream interference by Ribner which accounts
for the slipstream effects by means of a vortex
sheath. This sheath together with the wing vorticity
lead a pair of simultaneous integral equations for
the unknown circulations. A stepwise approximation
of the circulations reduces the pair to a system of
linear algebraic equations. The format has been
modified from that of the earlier work to facilitate
inversion of the equations by computer. This first
program has been restricted for simplicity to the
case of a slipstream centered on a rectangular wing.
The printout yields circulation, span loading, in-
tegrated lift and other properties. The results
show a progression from aporoximately 'slender body
theory' for very narrow slipstreams to 'strip theory'
for very broad siipstreams and compare well with
experimental data.

CHARTS FOR ESTIMATING AERODYNAMIC FORCES OM STOL
AIRCRAFT WINGS IMMERSED IM PROPELLER SLIPSTREAMS,
K. P. Huang, L. Goland, November 1965, Report No.
DCR-161.



I.2.1.14

I.2.1.15

I.2.1.16

I.2.1.17

(continued)

Equations and charts are presented for estimating
the 1lift and longitudinal force coefficients of STOL
aircraft wings immersed in propeller slipstreams.
Sample calculations are made and the results show
fair to good correlation with available experimental
data. The effect of many design and operating para-
meters is analyzed.

AN INVESTIGATION OF PROPELLER SLIPSTREAM FEFFECTS ON
V/STOL AIRCRAFT PERFORMANCE AND STABILITY, L. Butler,
K.P. Huang, Report No. DCR~174, February 1966,
(USAAVLABS TR 65-81).

Specific areas investigated include wing stall during
transition, minimum wing size for stall-free transi-
tion, and the effects of slipstream on aircraft
pitching moments. In addition, a stability analysis
was performed, and analog computer techniques were
used to determine the feasibility of utilizing the
slipstream for stability augmentation. Finally, the
effects of the non-uniformity of slipstream velocity
and wing geometry modifications on performance were
analyzed.

A LIFTING SURFACE THEORY FOR WINGS AT ANGLES OF
ATTACK EXTENDING THROUGH INCLINED JETS, T. Yaotsu,
October 1963, Report No. 9A. (Vehicle Research Corp.)
The third part of the three part high angle of attack
theory is presented. The preceding two parts have
been published as VRC Report No.9. The three parts
comprise Phase III of VRC's program of developing
methods for assessing the non-uniform flow fields of
wing-propeller slipstream aerodynamics. This effort
consists of the following three parts: (l) wings at
various heights in the jet; (2) highly cambered wings
as used in deflected slipstream V/STOL arrangements;
and (3) tilt wing configurations where the jet is
inclined to the freestream flow. Analytical evalua-
tion is presented of the complex flow field en-
countered by tilt-wing V/STOL aircraft (Vertol 76,
Hiller X-18, Tri-Service XC-142, etc.). The analy-
sis provides methods for determining the spanwise
lift distribution and induced drag of such aircraft.

SEMI-EMPIRICAL PROCEDURE FOR ESTIMATING LIFT AND
DRAG CHARACTERISTICS OF rROPELLER-WING-FLAP CONFIG-
URATIONS FOR VERTICAL- and SHORT- TAKE-OFF-AND-
LANDING AIRPLANES, R. E. Kuhn, NASA Memo 1-16-59L,
Februvary 1959.

The analysis presented used the momentum theory as a
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I.2.1.17

I.2.1.18

I.2.1.19

(continued)

starting point in developing semi-empirical expres-
sions for calculating the effect of propeller thrust
and slipstream. The method uses measured power-off
forward-speed data and measured slipstream deflection
data at zero forward speed to provide a basis for
estimating the 1lift and drag at combined forward
speed and power-on conditions. 2 correlation of
slipstream deflection data is also included.

THE LIFT OF A PROPELLFR-WING COMBINATION DUE TO THE
SLIPSTREAM, D. E. Chester, Israel Journal of Tech-
noloagy, Vol.3, No.l, 1965, pp. 102-119.

The problem of determininc the 'power-on' increment
of lift of a practical propeller-wing combination of
flight was described. The various parts of the prob-
lem were exvlained and it is claimed that some of

the previous attempts to obtain solutions were too
limited to be of real practical use. Having analyzed
the problem, a solution is found for each part.

Some of these solutions have only been obtained
after making aquite severe assumptions. Synthesis of
the various parts produces a general solution to the
problem. The proaram of operations required to
supply such an answer is laiu out in flow chart for-
mat.

LIFTING-SURFACE THEORY FOR V/STOL AIRCRAFT IN
TRANSITION AND CRUISE II, E. S. Levinsky, H. V.
Thommen, P.M. Yager, and C.H. Holland, Journal of
Aircraft, Vol. 7 No.l, January-February 1970.

This was the second part of a two-part paper deal-
ing with a large-tilt ancle lifting-surface theory
for tilt-wing and tilt-oropeller (or rotor) type
V/STOL aircraft. Part I presented a new inclined
actuator disk theory and a model for slipstream
swirl. 1In Part II, the inclined actuator disk
analysis was combined with a discrete-vortex Weis-
singer-type liftina-surface theory for application
to wing-rropeller combinations at arbitrary wing
angle of attack, propeller tilt angle, and thrust
coefficient. Configurations with one, two or four
slipstreams were considered, and effects of slip-
stream rotation were included in all but the single-
slipstream cases. 2Agreement between thecry and ex-
periment was shown to be satisfactory for small
slipstream inclination angles. However, at larace
tilt angles, the theory, was shown to predict lower
downwash angles in the tail region than observed
from a single set of test data. Use of only one-

11



I.2.1.19

I.2.1.20

I.2.1.21

(continued)

half the calculated wake displacement was shown to
give improved agreement. It is stated that insuffi-
cient downwash angle data were available for making
a general evaluation of the theory at large slip-
stream angles.

INVESTIGATION OF PROPELLER SLIPSTREAM EFFECTS ON
WING PERFORMANCE, M. George and E. Kisielowski,
USAAVLABS Technical Report 67-67, November 1967.

A theoretical and experimental study was conducted
to determine the effects of propeller slipstream on
wing performance. Previously developed theoretical
analyses were expanded and modified to account for
radial variation of the propeller slipstream velo-
city. The experimental program consisted of wind
tunnel tests conducted with a motor-propeller sys-
tem mounted on a semi-span wing model. The wing
model has eight floating wing segments with and
without 45 degree simulated split flap. Located
within each floating wing segment is a three-compo-
nent strain gage balance to provide measurements of
lift, drag, and pitching moment. The measurements
of total wing lift, drag, and pitching moment were
obtained with the six-component main wird tunnel
balance. The test data obtained included the
effects of the variation of propeller slipstream
velocity by utilizing two propellers of different
geometries. Propeller rotation for all tests was
down at the wing tip. The experimental and theore-
tical results are compared; in general, good corre-
lation was observed.

LIFTING SURFACE THEORY AND TAIL DOWNWASH CALCULA-
TIONS FOR V/STOL AIRCRAFT IN TRANSITION AND CRUISE,
E. S. Levinsky, H.V. Thommen, P.M. Yager, and C.H.
Holland, USAAVLABS Technical Report 68-67, October
1968.

A largc-tilt-angle lifting-surface theory was
develor.i for tilt-wing and tilt-rotor aircraft.

An inclined actuator disc analysis was used in
which closed-form solutions are found for the velo-
city potential inside and outside a fully contracted
circular slipstream at large distances behind the
actuator. This was combined with a Weissinger-type
lifting surface theory for application to wing-
propeller combinations. Agreement between theory
and experiment was satisfactory at small slipstream
inclination angles. At large tilt angles, downwash
angles are under-predicted. This paper was published
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I.2.1.21 (continued)
in two parts in J. Rircraft Vol.6, No.6 Novenber-
December 1969 and Vol.7 No.l, January-February 1970.

I.2.1.22 AERODYNAMIC CHARIMCTERISTICS OF PROPELLEP-WING-FLAP
SYSTFMS, K. Matsuoka, M. Yonezawa, and M. Takahshi,
Osake Prefecture, University Bulletin, Series A -
Fnoineerint and Natural Science,Vol.17, No.l, 1968,
Equations to estimate the aerodynamic character-
istics of vropeller-wino-flap systems were formu-
lated. The momentum deflection angles of the pro-
peller slipstream were determined, accounting for
the mixing effect between the proneller slipstream
and the free stream. The theory was in good agree-
ment with some wind tunnel results.

I.2.1.23 LIFT, DRAG AND POWVER FESTIMATIONS FOR TILT WING AND
DEFLECTED SLIPSTREAM AJTRCRAFT, J. Marshall and N.
McM. Sinton Short Bros. and Harland, Ltd.,
AD/TN/89, 1963.

An inclined actuator disc theory is used to calcu-
late velocity in the propeller slipstream and hence
the local angle of attack of the winag in the slip-
stream. A mass flow correction factor is introduced
to account for the fact that only part of the wing
lies in the slipstream. Comparison of the method
with test data shows fairly good agreement for lift
and drag at angles of incidence below 'power-off'
stall.

I.2.1.24 A SIMPLIFIED THFORETICAL INVESTIGATIOM OF A WING
PROPELLER COMBINATION THROUGH 2 RANGF OF ANGLES-
OF-ATTACK FROM (0° TO 90° AND A COMPAPISON WITH
EXPERIMENTAL RFSULTS, M. Guerrieri and J. Stuart,
III, Hillexr Report MNo. 461-3, 14 October 1955.

I.2.1.25 LIFT CEARACTERISTICS OF WINGS EXTENDING THROUGH
PROPELLER SLIPSTREAMS, Rethorst, Scott, Royce,
Winston an T. Wu, Yao-Tsu. Vechicle Research Corp.,
Report No.l, September 1958,

I.2.1.26 A THEOPY OF WING-PRCPULSION COMBINZTIONS IN SLOW

FLIGIT, R. J. vVidal, Cornell Aero Lab. Report,
Al-1190-A-1, September 1959.

13



I.2.2

I.2.2.1

I.2.2.2

I.2.2.3

Flow Fields -

GROUND EFFECT ON DOWNWASH WITH SLIPSTREAM,

P. R. Owen and H. Hogg, ARC R&M 2249.

For a given incidence and propelelr thrust coeffi-
cient a method for finding the changes of downwash
at the tail due to aground effect is presented.
Comparison with data is included.

EFFECT OF PROPFLLER THRUST ON DOWNWASH AND VELOCITY
AT TAIL PLANE, Data from low speed tunnel tests.
A. Spence, ARC CP 21.

AFRODYNAMICS OF DFFLECTED SLIPSTREAMS, Part I,
Formulation of the Integral Equations, Report No. Al
1190 26, Cornell Peronautical Lab. Inc., Buffalo,
New York.

The effects ot jet curvature are investigated on

the premise that at higher angles of flow deflection,
this factor should have an important influence on
wing lift. The jet boundary is regarded as vorti-
cal layer, as is also the wing surface and its wake.
The jet vorticity distribution is determined subject
to the dynamic equations of rotational flow which
are applied in a thin region at the jet boundary.
This approach leads to the consideration of jet
trailing vorticity or secondary vorticity which
occurs in certain curved non-uniform flows. Compari-
son is made with test data and is shown to be un-
satisfactory.
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I.2.3 Ground Effect -~

See Sections I.2.7 and I.8.3
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1'2.4
I.2I4.l

1.2.4.2

102.433

Stability and Control -

STABILITY AND CONTROL OF PROPELLER-DRIVEN TRANSPORT
VTOL AIRPLANES,R. H. Kirby, Proc. Thirteenth Annual
Forum, Am. Helicopter Society, Inc., May 8-11 1957.

THE EFFECT OF SLIPSTREFAM ON THE LONGITUDINAL STABI-
LITY OF MULTI-ENGINED AIRCRAFT, D. E. Mcrris, J.C.
Morall, ARC R&M 2701, November 1948.

An empirical approach usina only flight test data
relates changes of stick fixed static margin to
thrust level and wing and tail characteristics.
Accuracy of +2% is achieved for the prediction of
Ahn.

THE STATIC AND DYNAMIC STABILITY OF A DEFLECTED-
SLIPSTREMM VEHICLF, G.A. Cincotta, and H.S. Dunn,
Princeton University Report No.407, 1958.

Derived linearized, decoupled, small perturbation
equations. 1Includes comparison with VZ-3 model test
data. Forces, static and dynamic stability.
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I.2.5.2

I.2'5'3

Handling Qualities and Criteria -

THE CONTRIBUTION OF INTERCONNECTED PROPELLERS TO
STOL TRANSPORT CAPABILITY, M.D. Marks and A.A.
Lischer - S.A.E. Paper.

SIMULATOR STUDY OF LATEFRAL-DIRECTIONAL HANDLING
QUALITIES OF A LARGE FOUR-PROPELLERED STOL TRANS-
PORT AIRPLANE, H. C. Quigley and H.F. Lawson, Jr.,
NASA TND-1773.

The lateral and directional stability and control
characteristics of a large four-propellered STOL
transport airplane (the boundary-layer-control
equipped NC-130) have been studied on the landing
approach simulator to determine changes in the
characteristics that might be required to achieve
satisfactory lateral-directional handling qualities.
2 satisfactory configuration was achieved by doub-
ling the basic directional stability and including
a damping term which gave yawing moments proportion-
al to rate change of sideslip.

A FLIGFT AND SIMULATGR STUDY OF THE HANDLING QUALI-
TIES OF A DEFLECTFD SLIPSTREAM STOL SEAPLZANE HAVING
FOUR PROPELLERS AND BOUNDARY-LAYER-CONTROIL,

C. A. Holzhauser, R.C. Innis and R. T. Vomaske,
NASA TND-1966.

Flight amd simulator tests were made to study low-
speed handling qualities, potential STOL problem
areas, and causes of deficiencies and their solu-
tions. Tests of the STOL seaplane were made in

the 50- to 60-knot range with Automatic Stabiliza-
tion Equipment (ASE) engaged and disengaged. Dur-
ing the simulation, several stability and damping
derivatives were varied and evaluated.

17



I.2.6

Testing -
See Section 1.2.7.3

18




I.2.7

I.2.7.1

I.2.7.2

I.2.7.3

General -

EXAMINATION OF SOME OF THE PROBLEMS INVOLVED IN
THE DESIGN OF PROPELLER-DRIVEN VERTICAL TAKEOFF
TRANSPORT AIRPLANFS, M.0. McKinney et al, I.A.S.
Preprint.

DEVELOPMENT OF METHODS FOR PREDICTING V/STOL AIR-
CRAFT CHARACTERISTICS, Rethorst, Scott; Fujita, To-
shio; AD-285-079.

The analyses of the previous Phase I (AD-244 736)
and Phase II (AD-257 571) studies are extended and
refined. The relationships among basic V/STOL per-
formance parameters are brought into focus. Re-
sults are cast into an engineering form. A 'slide-
rule' type computer and a set of nomographs are
furnished to simplify prediction of V/STOL aircraft
characteristics. Propeller-driven V/STOL aircraft
are analyzed in terms of trade-offs among basic
performance parameters for a generalized mission
profile. The attainment of high performance po-
tential is dependent on the basic aerodynamic para-
meters governing the forward flight capabilities

of conventional aircraft. For V/STOL aircraft, the
variable disc area parameter (ratio of hovering
disc area to forward flight disc area) has a marked
effect on performance potential. The 'slide-rule'
and nomographs encompass a wide range of basic para-
meters including variable disc area and are applic-
able to prop-driven V/STOL aircraft. The analytic-
al methods are applied to an advanced V/ETOL speci-
fication (including growth potential as quanti-
tatively determined in the analysis).

APPLICATION OF SMALL-SCALE PROPELLER TEST DATA TO
V/STOL AIRCRAFT DESIGN, H. E. Payne, III.

A compilation of available experimental and analyti-
cal data is presented, dealing with the effects of
propellers (and rotors) on V/STOL takeoff and tran-
sition flight. Since the majority of the experi-
mental work was conducted with small-scale pro-
pellers/rotors, considerable effort was expended to
demonstrate the applicability of these data to
full-scale propellers. The dependence of take-off
performance on blade Reynold's number and tip Mach
number is described. Recent results from the Navy
flying wind tunnel have conclusively indicated the
dependence of model V/STOL transition flight data

on the character of the model test facility. There-
fore, the correlation of model vs full scale

19



II2.7.3

I.2.7.4

(continued)
propeller/rotor transition data was impossible
because of the non-availability of accurate full-

scale results. Data are presented describing ident-

ical test run on the airship and in three different
wind tunnels. A brief analytical treatment is de-
scribed which might enable more work to proceed to
correct for wall interference. In addition, the
experimental techniques used to obtain accurate

low velocity measurements and to obtain vibration-
free strain gage traces are briefly described.

AN INVESTIGATION OF THE FUNDAMENTAL PARAMETERS
WHICH GOVERN THE AERODYNAMICS OF VARIOUS WING-
PROPELLER COMBINATIONS AS RELATED TO VECTORED
SLIPSTRFAM AIRCRAFT, N. R. Augustine, Princeton
University Report No.37, 1958.
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I.3.1.2
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I.3.1.3
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I.3 JFT FLAP

Forces and Moments -

THE EFFECT OF JET ENTRAINMENT ON LIFT AND MOMENT
FOR A THIN AEROFOIL WITH BLOWING, I. Wignanski and
B.G. Newman, McGill University, Report 6-31,

June 1963. (Also Aero. Qrtly, May, 1964).

Jet-flap theory for thin aerofoils has been extended
to include the effect of jet entrainment on the
external flow when the jet is blown over the upper
surface of the aerofoil. Formulae and charts are
presented to facilitate the determination of the
increments of 1lift and pitching moment due to this
effect. The new theory is compared with four old
sets and one new set of experimental data. The
theory is shown to be in 'first order' agreement
with the exact solution for the circular-arc air-
foil of small camber. (see also I1.3.1.23)

A THEORETICAL STUDY OF THE GROUND EFFECT ON THE JET
FLAP, D.J. Huggett, University of Southampton,
Report USAA 112, September 1959.

A theory is developed for a jet flap wing near the
ground. Under conditions for which the jet hits
the ground, this theory gives, for any jet deflec-
tion angle and distance of wing from the ground,
the distribution of pressure lift on the wing, the
total pressure lift on the wing and the shape of the
jet. Results are included for a wide range of jet
coefficients with the ground at two different posi-
tions. At each ground position two different jet
deflection angles are taken. The results of the
theory are compared with experiment, and the agree-
ment is discussed.

A NOTE ON THE TOTAL DRAG OF JET FLAPPED WINGS,

G. K. Korbacher and K. Sridhar, UTIA Report 64,
May 1960.

The limitations of the drag hypothesis for jet-
flapped wings are discussed from the theoretical
and experimental point of view. An empirical re-
lation for calculating the total drag coefficient
of quasi two-dimensional jet-flapped wings at zero
incidence is derived and presented. This drag co-
efficient relation, combined with the expression
for the total lift coefficient provides an expres-
sion for the slope of the Cpp/Cyp? curve. The

slopes obtained are in qualitive agreement with
those given by Maskell and Spence's theory.
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I.3.l.4

I.3.l.5

I.3.1.6

A REVIEW OF THE JET FLAP, G. K. Korbacher and K.
Sridhar, UTIA Review 14, May 1960.

A review is presented of the theoretical and ex-
perimental advances that have beeen made in the
study of pure jet flaps, jet control and jet-
augmented flaps. Care was taken in defining acting
forces and in presenting all equations and graphs
in a unified notation. Theories are correlated.
Experimental results are quoted, illustrated by
relevant graphs and compared with theory. Jet
mixing and the jet flap's implication on aircraft
design are included. An attempt is made to assess
the jet flap on the basis of its possible merits
and de-merits. Future research projects are listed.
It should be noted that much of this list of needed
future research still remains to be done 10 years
later.

THE JET FLAPPED WING IN TWO- AND THREE-DIMENSIONAL
FLOW, IAS Meeting, Prepr. 791, 1958, W. F. Jacobs,
and J.H. Paterson.

Calculation of the 1lift, moment, centre of lift and
aerodynamic centre over a large range of jet coeffi-
cients and flap angles. A comparison of measurements
with the theory shows good agreement in the lift

and pitching moment. 1Investigations of the influ-
ence of nose modifications such as droop nose, lead-
ing edge flaps, and slats on the moment indicate
that the high nose-down pitching moment at high jet
coefficients can be partly compensated. A method
for calculating three-dimensional effects is deve-
loped, and the results of calculations for lift,
lift distributions, and induced drag are given for
selected values of aspect ratio and taper ratio,

as well as for selected spanwise variations of jet
momentum.

SOME CONTRIBUTIONS TO JET-FLAP THEORY AND TO THE
THEORY OF SOURCE-FLOW FRCM AEROFOILS, L.C.Woods,
C.P.388, 1958.

A theoretical study is presented of the thrust,
lift and moment on an aerofoil due to a two dimen-
sional jet of air ejected from the trailing edge at
an angle to the main stream.
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I.3ll.7

I.3.l.8

I.3.1.9

I.3.1.10

THE EFFECT OF JET ENTRAINMENT ON LOSS OF THRUST FOR
A TWO-DIMENSIOMNAL SYMMETRICAL JET-FLAP AFROFOIL,

I. Wygnanski, McGill University, Report 64-13,
August 1964 (Also Aero. Qrtly, February 1966).
Jet-drag, defined as the form drag associated with
jet entrainment in otherwise inviscid fluid, was
analyzed. Exact solutions with the flow incompres-
sible and the jet turbulent, are given for un-
cambered struts of various shapes, various thickness
ratios, and with blowing slots of various widths

in quiescent and uniform streaming flow.

THEORETISCHE UND EXPERIMENTELLE UNTERSUCHUNGEN AN
TRAGFLUGLN ENDLICHER SPANNWEITE MIT STRAHLKLAPPEN,
A. Das, DLR FR 64-40, November 1964.

A lifting surface theory for jet-flapped winas

was applied to wings of various planforms with
different aspect ratios. The pressure distribution
was measured and results compared with theory.
Aerodynamic forces were obtained by integration.

A NOTE ON THE DRAG DUE TO LIFT AS INFLUENCED BY A
JET FLAP ON A WING OF FINITE SPAN, S.B. Berndt,
FAA Report 85, 1959.

The classical theory for thin and highly loaded
wings in subsonic flow is extended by taking into
consideration the interaction between the jet and
the trailing vortices. It is shown that the
minimum induced drag, for given lift, span, and
jet thrust, is reduced by a jet flap. It still
holds that the minimum drag is obtained when the
downwash angle at the trailing sheet for downstream
is constant throughout the span.

PERFORMANCE AND OPERATION OF QUASI TWO-DIMENSIONAL
JET FLAPS,G. K. Korbacher, Institute for Aerospace
Studies, University of Toronto, Report 90,

November 1952.

True two-dimensional and quasi-two-dimensional jet
flap test results are evaluated for experimental
evidence in favor of or against the jet-flap thrust
hypothesis. It is claimed that the thrust hypo-
theses is verified experimentally. The development
is presented of jet-flap characteristics for two-
dimensional jet-flapped wings, for any desired lift;
it renders any number of combinations of rate of
blowing, jet deflection angle, and angle of attack
which can produce this lift.
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I.3.1.11

I.3.1.12

I.3.1.13

JET FLAP CHARACTERISTICS FOR HIGH-ASPECT-RATIO WINGS,
G.K. Korbacher, AIAA Journal, Vol.2, January 1964.
Discussion of the thrust hypothesis, its concept,

and its experimental verification. "Characteristics"
for jet-flapped wings at zero and non-zero angle of
attack are also presented. It is indicated that any
combination of jet flap parameters, such as jet de-
flection angle, rate of blowing, and angle of attack,
which produces a dzsired lift may be read directly
from such characteristics.

RESEARCH ON A JET FLAP AIR-SFA CRAFT, J.G. Williams,
S. G. Hansen Loclheed Co., Rep. LR-21445(1968).

This report describes the pre-test analysis and the
results of two wind tunnel investigations of a
Canard-configured, swept-wing model with jet flap
systems incorporated in both the wing and the Canard.
For a jet flap airplane operating at trimmed lift co-
efficients of about 5, analysis indicates that the
total blowing thrust demand for a Canard-configured
airplane is significantly less than that for a con-
ventional aft-tail configuration. The Canard-con-
figured mocdel appears to have satisfactory cruise
characteristics, and there is little change in the
static longitudinal stability on conversion to the
STOL, jet flap blowing mode. Out-of-ground effect
STOL characteristics are satisfactory at the low
incidence proposed for operation; at a certain higher
critical inci-ence the wing stalls, and a pitch-up
condition ensues. Ground proximity has little

effect upon the operational values of lift, s’.atic
margin, trim, etc., but it does seriously erode the
margin between th® operating ¢ ' critical incidence.

EMPIRICAL RELATIONSHIPS FOR JET-FLAP LIFT AND DRAG
PREDICTION, D. J. Blakeslee, Rand Corp. Rep. P-1889,
January 1960.

Presentation of empirical relations for the predic-
tion of the lift and drag of unswept three-dimension-
al jet-flapped wings. Plotted data show that the
equations organize lift and drag data with a consis-
tency sufficient for design use. The principal in-
novation is that a thrust -recovery coefficient can

be subtracted from the @drag-coefficient equation to

represent the so-called thrust '%iev® jr induced
thrust of jet flaps. This thru ry coeffi-
cient is simply relat®d to jet-t,. ameters. It
is directly proportiopel to the me “um coefficient

and varies approximateyy as a powes ., the flap
angle.
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TEE FLOW PAST A THIN WING WITH AN OSCILLATING JET
FLAP, D.A. Spence, RAE Rep. AERO 2690, August 1964.
An exact solution is obtained for the linearized
flow past a thin two-dimensional wing of chord C

at zero incidence in an incompressihble stream of
density Rho and undisturbed velocity U, with a thin
jet of momentum, 2,U2C, emerging from its trailing
edge at an oscillating deflection-angle. The motion
is governed by a singular third-order integro-differ-
ential equation, which becomes tractable when p is
small; solutions in this weak-jet limit depend on a
single parameter. The possible significance of the
critical frequency is discussed. Computations of jet
shape and lift force for a range of values of Nu

are presented, and the solutions for periodic plung-
ing and pitching motions of the wing are derived from
that for deflection.

PERFORMANCE, OPFRATION AND USF OF LOW ASPECT RATIO
JFT FLAPPED WINGS, G.K. Korbacher, UTIAS Report 97,
May 1964.

The characteristics of a jet flapped wing of aspect
ratio 6 are presented, discussed and evaluated for
STOL application. Again, as for high aspect ratio
(AR=20) jet flapped wings, a range for most economi-
cal jet flap operation is well defined. The angle
of attack as an efficient means of lift production
loses its usefulness with low aspect ratio jet
flapped wings, whereas the optimum jet deflection
angle seems hardly affected. A most efficient jet
flap application for STOL calls for a complet inte-
gration of the lifting and propulsive systems. 1In
the range of most economical jet flap operation,
semi-empirical relationships predict parameter changes
accurately enough for practical purposes.

A LINEAR THEORY FOR THE JET FLAP IN GROUND EFFECT,
P.B.S. Lissaman, AIAA Journal, July 1968.

The two-dimensional inviscid program is formulated
with linearized boundary conditions. Four super-
posable cases are defined: due to jet angle, thick-
ness, camber, and angle of attack. Using complex
variable and mapping into an auxiliary plane gives a
boundary-value problem of the Reimann-Hilbert-Poin-
care type. Part of the solution is expressed in
closed analytical form and the balance obtained by
computer. The numerical method s claimed to be
speedy and convergent. The computer generated solu-
tion for a thin flat airfoil is presented.
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PREDICTING THF PERFORMANCE OF JET FLAP CONFIGURA-
TIONS, S. Pivko, Aircraft Engineering.

A semi-empirical method for estimating the aerody-
namic properties of thin flapped aerofoils in-
fluenced by high velocity jet sheets is developed.
It is assumed that the main flow around the aero-
foil does not influence the velocity distribution
in the jet. Considering also the effect of the
mixing with the surrounding air, a real jet is re-
placed by an aerodynamic model, having a linear
downstream distribution of velocity adopted on the
basis of test data. Both thin aerofoil and the

jet sheet are replaced by vortex distributions, so
that the lift and pitching moment of the aerofoil
influenced by the jet may be evaluated in the usual
manner. Comparison with some available experiment-
al results shows that the proposed semi-empirical
method gives good agreement with experiment.

ANALYSIS OF THICK, CAMBERED JET FLAP AIRFOILS IN
GROUND EFFECT, P.B.S. Lissaman and C.A. Shollen-
berger , AIAA Paper, July 1969.

Extending & previous analysis for flat plate air-
foils in ground effect a numerical method was de-
veloped to solve the title problem. Solutions
were given for a number of camber and thickness
cases, consisting of a cambered flat plate, and a
diamond shaped airfoil, with the kink at various
positions. These results can be superimposed to
generate an arbitrary thick cambered trapezoidal
airfoil. No experimental checks are known, but the
results converged to various limiting analytical
cases. It was shown that normal values of thick-
ness have very little effect on the lift, but that
camber was significant. A general unified curve
for the effect of camber was presented, from which
performance can be read off for a range of cambers
at arbitrary height and blowing coefficient.

A NOTE ON THE INDUCED DRAG OF JET-FLAPPED WINGS,
G.K. Korbacher, and K. Sridhar, Journal of the
Royal Aeronautical Society, Vol.é64, May 1960.
Alternate forms to the induced drag expression
developed by Maskell and Spence were developed.
These were all shown to be compatible.

ON THE THRUST HYPOTHESIS FOR THE JET FLAP INCLUDING
JET-MIXING EFFECTS, K.T. Yen, Journal of the Aero-
space sciences, August 1960.

A "linear" thrust hypothesis was obtained for the
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(continued)

jet flap assuming linearized potential flow. The
linearized jet-flap problem was found to be a
linear combination of a lift problem and a thrust
problem.

The mixing of the jet with the surrounding fluid
was analyzed by the non-integral method. Some
approximate formulas relating th ust and jet angle
were derived.

THE PITCHING-MOMENT COEFFICIENT OF A JET-FLAPPED
THIN AIRFOIL, J.C. Erickson, Jr., Journal of the
Aerospace Sciences, December 1962.

Extended Spence's theory for jet-flapped thin
airfoils to derive expressions for the pitching-
monment coefficient.

THE LIFT COFFFICIENT OF A THIN, JET-FLAPPED WING,
D. A. Spence, Proceedings of the Royal Society,

A. Vol. 238, 1956.

A solution was found for the inviscid, incompress-—
ible flow past a thin, two-dimensional wing at
small incidence with a thin jet emerging from the
treiling edge at small deflection. Expressions
were obtained for lift, pressure distribution, and
pitching moment. Theory correlated one set of data
within +5%.

THE LIFT ON A THIN AEROFOIL WITH A JET-AUGMENTED
FLAP, D.A. Spence, Aeronautical Qrtly, August 1968.
Spence's theory for a thin jet-flapped airfoil was
extended to the case in which the jet is blown
tangentially on a deflected flap. The theory in-
dicated that jet-flap effectiveness would be in-
creased by blowing over flaps of 20-30% chord.

A THEORY OF THE JET FLAP IN THREE DIMENSIONS, E.C.
Maskell and D.A. Spence, Proceedings of the Royal
Society A, 251.

Spence's two-dimensional jet-flap theory has been
extended to three dimensions. Theory was applic-
able to arbitrary planform and blowing momentum
distribution but only the case where both chord
and blowing distributions were elliptical was con-
sidered. Expressions for the lift and induced
drag were derived. Comparison with the test data
for three aspect ratios showed good agreement.
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A SIMPLIFIED METHOD FOR ESTIMATING THE PROPERTIES
OF THIN AEROFOILS INFLUENCED BY JET, S. Pivko,
Journal of the Royal Aeronautical Society,

Vol.64, May 1960.

A procedure was proposed for estimating the lift
and pitching moment of two dimensional thin jet
and jet-augmented flaps. The airfoil and jet were
represented by vortex distributions; comparison of
theory with the experiment shown was good.

JET-FLAPPED AIRFOILS IN GROUND PROXIMITY, G.C.
Cooke IV,Rensselaer Polytechnic Institute TR AE
6804, January 1968.

This paper considered the lift characteristics of
alrfoils in ground effect with and without jet
flaps for which the jet does not impinge on the
ground. The problem is linearized and the airfoil
vortex distribution and jet flap shape determined.
Results of a sample calculation were shown.

DISTRIBUTION OF PRESSURE ON JET-FLAPPED WINGS IN
VIEW OF MIXING OF BLOWN OUT AIR CURRENT WITH AMBIENT
AIR, M. Klusak, NASA TT-F-12,243, June 1969.

The note examined the effect of mixing on the
pressure distribution on a jet-flapped airfoil.

The entrainment into the blowing jet was derived
from a theory of submerged jets. Examples showed
that including entrainment significantly affected
the calculated pressure distributions and brought
them into good agreement with experiment.

LIFTING SURFACE THEORY FOR WINGS WITH JET FLAPS,
National Research Council of Canada, NRC TT-11l22,
1964.

An approximate method for calculating the lift and
pitching moment distribution of wings of arbitrary
planform and blowing distribution was given. The
chordwise vortex distribution is that of Spence.

The method of influence functions was used. Compari-
son of theory and experiment was good.

A LIFTING LINE THEORY OF THE JET FLAPPED WING, Y.A.
Yoler, Boeing Scientific Research L boratories,
D1-82-0042, January 1960.

Thin wings with jet flaps were represented by a
pair of bound substitution vortices located at the
one-quarter and three-quarter chord points. The
existence of the jet was assumed to nullify the
suction force at the trailing edge and the strength
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(continued)

of the bound vortices were determined using the
thrust hypothesis. The theory was in good agree-
ment with experimental results.

SOME CONTRIBUTIONS TO JET-FLAP THEORY AND TO THE
THEORY OF SOURCE-FLOW FROM AEROFOILS, L.C. Woods,
Aeronautical Research Council C.P. No.388, 1958.
Paper presented a theoretical study of the thrust,
lift and moment on an airfoil due to a jet of air
ejected from the trailing edge at an angle to the
freestream. It was proved that the ideal thrust of
the jet was independent of the exit angle. This
paper has been largely superseded by Spence's work.

PRELIMINARY ANALYSIS FOR A JET FLAP SYSTEM IN
TWO-DIMENSIONAL INVISCID FLOW, E.C. Maskell amd S.B.
Gates, Aeronautical Research Council C.P. No.359,
1957.

This paper did not attempt to solve the jet flap
problem. It established the properties of a thin
curvilinear jet in a uniform flow field.

A METHOD FOR CALCULATING THE PRESSURE DISTRIBUTION
OVER JET-FLAPPED WINGS, D. Kuchemann, Aeronautical
Research Council R&M 3036, May 1956 and RAE Rep.
2573.

A method for calculating the pressure distribution
over wings of non-zero thickress and finite aspect
ratio with jet flaps was given. The pressure dis-
tribution was estimated with reasonable accuracy
except in the vicinity of the nozzle given the lift
coefficient and jet momentum coefficient.

THE LIFT AND DRAG OF A JET-FLAPPED AIRCRAFT, D. H.
Aero Dept/2661/DHD/DHW/GEN/Issue 2, May 1962,

by Dykins, D.H. Wilkinson.

A method of calculating lift and drag for any inci-
dence, momentum coefficient and deflection angle.
Method is based on an extension of the airfoil
theory of Maskell and Spence and is restricted by
small angle assumptions. Author indicates that the
method can be used to give good predictions for
externally blown flaps.

A JET DEFLECTED FROM THE LOWER SURFACE OF AN AFRO-
FOIL, J. H. Davies, and A.J. Ross, Qrtly Journal

of Mechanics and Applied Mathematics, 1957.

The two-dimensional steady motion of an infinite,
perfect, compressible fluid past a thin symmetrical
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(continued)

aerofoil at zero incidence to the main stream is
considered, when the jet issues from the lower
surface of the aerofoil at an angle to the chord.
As an example, lift, pressure distribution moment
coefficient and centre of pressure are calculated
for a jet exit position near the trailing edge,
with a specific angle of ejection and momentum
coefficient.

ON THE THRUST DUE TO AN AIRJET FLOWING FROM A WING
PLACED IN A WIND TUNNEL, J. Fluid Mech. Vol.l 1956.
Develops a theory for wind tunnel correction to
thrust and demonstrates the thrust recovery princi-
ple.

THE JET FLAP, J.R.AeS January 1956.

A brief historical review is followed by a de-
scription of experimental 2-D and 3-D work at NGTE,
together with a comparison with Stratford's theory.
Possible applications and considerations are
discussed. No theoretical details are presented.

THE LIFT OF A BLOWING WING IN A PARALLEL STREAM,

H. B. Helmbold, JAS VOL.22, May 1955.

The author derives downwash equations which reliate
the vorticity distribution on a thin airfoil with

a narrow high-velocity jet issuing from its trailing-
edge to the slope and curvature of the jet.

THEORY OF THE FINITE-~SPAN BLOWING WING, H. B.
Helmbold, JAS., Vol.24, No.5, 1957.

The essential features of two-dimensional flow
around a blowing wing are briefly outlined. The
flow around the finite span blowing wing is investi-
gated under the simplifying assumption of undis
turbed static pressure at infinity downstream. The
effects of finite span are induced drag, and losses
of jet thrust and jet-induced lift. The induced
drag results from circulation around the wing and
jet sheet, the loss of jet thrust from final jet
deflection, and the loss of jet-induced lift from
loss of jet-sheet curvature. The forces on the
finite-span jet wing are functions of the induced
angle which is determined either graphically from

a sixth-degree equation or by a second-order approxi-
mation for moderate induced angles. The jet coeffi-
cients are finally represented as functions of jet-
power coefficient and jet-sheet thickness ratio.,
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ESTABLISHMENT OF LIFT ON AN AIRFOIL WITH A JET
FLAP, R.Hirsch, Aircraft, Eng., December 1957.
Analysis for the circulation lift around an air-
foil section which has a trailing edge jet. The
circulation is directly dependent on a trailing
edge condition similar to the Joukowski condition.
The problem is governed by an equation similar to
the Wagner equation, intc which is introduced the
curvature of the downwash at the trailing edge.
The movement of the elementary vortices in the
downwash is directly dependent on the viscous
damping of the vorticity. This effect has been
considered, and the drag law of the jet behind the
nozzle established. The velocity distribution
can be found at any instant, and from this all
aerodynanmic forces can be calculated. The method
is applied to two cases and comparison made with
experimental results.

CAMBERED JET-FLAP AIRFOIL THEORY, Cornell Univer-
sity Graduate School. 2ero. Eng. Rep. 1959.
Extension of Spence's treatment of the jet flap
airfoil which used thin airfoil theory to include
the effects of camber. The integro-differential
equations connecting the vorticity distribution
along the airfoil and the slope of the jet sheet
are derived. For the particular case of a
parabolic arc camber distribution, a solution in
Fourier series form is obtained. Expressions
are given for lift, chordwise loading, jet vorti-
city, pitching moment, leading edge suction and
jet shape.

A DRAG HYPOTHESIS FOR JET-FLAPPED WINGS, G.K.
Korbacher, J. Aero. Sci., May 1961l.

Using test data and the theory of Maskell and
Spence it is shown that the thrust recovery hypo-
thesis is only an approximation to reality.

INFLUENCE DE L'EMISSION D'UN JET AU BORD DE FUITE
D'UN PROFIL SUR L'ECOULEMENT AUTOUR DE CE PROFIL,
R. Legendre, Comptes rendus de l'Academie des
Science, May 14, 1956.

The discontinuity of the velocity, which occurs
when passing from the exterior potential flow
through a thin infinite jet blown out from the
trailing-edge of a profile, is proportional to
the curvature of the jet. Thus the flow is
determined.

31



I.3.1.43

I.3.1.44

I.3.1.45

I.3.1.46

PRINCIPE D'ETUDE D L'AILE A JET, R. Legendre,
Rech. Aeron., No.53, 1956.

This note refers to the report by Maurice Roy

with the same title- The lift coefficient induced
by a jet-flap is derived under certain simplifi-
cations and compared with results by Roy.

THE EFFECT OF ENTRAINMENT UPON A JET-FLAPPED
AIRFCIL, Cornell University Graduate School,
Aero. Eng. Report AFOSR TN 57-761, 1957.
Development of A model for a straight two-dimen-
sional iw~@mpre-==it _e@ turbulent jet issuing into
a frees' rya a calculation of the entrained
mass flaw. « jJet is then replaced by a distri-
bution of &£ ,.k® whfch gives the same entrainment.
With ¢his sink disiribution the potential flow

is calc .ated over a thin bi-parabolic airfoil

at zero angle-of-attack, with the jet of zero de-
flection angle, and from this the pressure drag
due to entrainment is determined.

SUR UN THEORIE LINEARISE DU SOUFFLAGE AU BORD DE
FUITE D'UN PROFIL D'AILE, L. Malavard, Comptes
rendus de l'Academie des Science, May 14, 1956.

The author uses the classical hypotheses of linear-
ization; the profile of the wing is considered in-
finitely thin, of weak camber and of small inci-
dence; the lined the jet sheet is supposed to

have a small inclination to the direction of the
undisturbed flow.

THE INFLUENCE OF THE GROUND ON THE AERODYNAMIC
PROPERTIES OF AN AIRFOIL WITH JET FLAP, W.J.
Prosnak and P. Kucharczyk, Arch. Mech. Stosowanej,
No.4 1959.

Analysis considering the problem of whether the
jet flap in the proximity to the ground preserves
its ability to increase lift over the airfoil.

The image profile is used to construct the complex
potential corresponding to the flow past the two-
jet~-flap profiles. The aerodynamic coefficients
are then calculated for one profile of the pair.
The results show that if the ratio é=1/h (1 being
the chord and h the distance from the ground) is
two, the lift of a profile without jet flap in-
crease by about 15% to 30%, and the efficiency

of the jet flap by about 8% to 50%, smaller values
corresponding to creater angles of incidence
(a=10°) and greater ones to smaller angles-of-
incidence (a=2°)
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THE JET FLAP WITH GROUND FFFECT, J. R. Stanton,
Lockheed Aircraft Corp., Misc. 749, Negs. 249,
1956.

JET DRAG OF VWINGS WITH JET FLAPS, P. R. Payne,
Aircraft, Eng. March, 1958.

Analysis considering the density of the jet before
and after mixing the freestream air in which it

is shown that Stratford's equation for jet density
after mixing is accurate only for the case where
the jet is cold. The flux of momentum behind an
airfoil with jet flap is examined, using the basic
Stratford's approach, but with the difference that
the density correction factor K is included in the
analysis and an exact solution to the equation is
obtained. It is suggested that contrary to Strat-
ford's hypothesis momentum flux has little rela-
tionship to the force acting on the airfoil, be-
cause there is no mechanism of jet drag is shown
by the construction of a potential flow model.

THEORIE DU PROFIL D'AILE A JFT, M. Roy, Comptes
rendus de l'Academie des Sciences, June 25, 1956.
A general expression, also valid in smooth compres-
sible flow, is given for the resulting effect of

a wing in which the surroundina medium enters

and blows out as a laminar jet. An approximate
theory based on the approximations of Prandtl is
presented for a simple jet wing in incompressible
flow.

A TREATMENT OF JET FLAP BY THIN AEROFOIL THEORY,
D. A. Spence, RAE Rep. Aero-2568, 1955.

THE LIFT OF BLOWING WING IN A PARALILEL STREAM,

D. A. Spence, IAS, January 1956.

Helmbold (IAS., 1955, p.34l1l) has derived downwash
equations which relate the vorticity distribution
on a thin airfoil with a narrow high-velocity jet
issuing from its trailing edge to the slope and
curvature of the jet. In this papar the solu-
tions of these equations are outlined, for the
lift induced on a thin uncambered wing at zero
incidence when a thin jet, of momentum flux,
issues at a small downward angle from its trail-
ing edge.
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SOME SIMPLE RESULTS FOR TWO-DIMENSIONAL JET-FLAP
AEROFOILS, D. A. Spence, Aero Q., Vol.IX,
November 1958.

Formulas are derived by elementary consideration
for lift coefficient Cr, and loading on the chord
line of a thin two-dimensional wing at zero inci-
dence with a narrow high-velocity jet of small
values of momentum coefficient c4 issuing from

trailing edge at a small downward inclination.
These formulas agree well with known measurements.
Interpolation formulas for derivatives of Crp, at

larger values of c,, based on earlier work, are
also given. J

THF LIFT ON A THIN AEROFOIL WITH A BLOWN FLAP,
RAE TN Aero. 2420, 1958.

A formula is given for calculating the lift on

a thin aerofoil with blown flaps. The classical
results for attached flow on flapped aerofoils
without supercirculation are also obtained as a
special case. It is shown that the effective-
ness of the jet flap scheme might be greatly in-
creased by blowing over flaps of the order of

20 or 30 percent of the chord, rather than over
the very small shrouds which has hitherto been
proposed.

A NOTE ON THE THEORY OF JET FLAPS, L.C. Woods,
Fluid motion sub-committee, ARC 17563; F.M.
2230, 1955.

TWO-DIMENSIONAL THEORETICAL DATA OF THE JET-FLAP,
RAE TN Aero 2600, 1959.

NEUERE THEORETISCHE UNTERSUCHUNGEN UBER DEN
STRAHLFLUGEL IN ZWEIDIMENSIONALER STROMUNG, W. F.
Jacobs, ZFW, Nr.5, 1957.

A short survey of theoretical investigations of
jet-flapped wings in two-dimensional flow is
given. The influence of a jet-stream, exhausted
from a slot at the trailing sdge of the wing, is
replaced by an 'equivalent' flap. Whereas
hitherto, most of the authors have employed the
analogy of the straight flap, in this work, a
curved flap is used to approximate the real path
of the jet-stream. The results show that this
method is not only capable of accurately pre-
dicting the lift but alsc the pitching moment
and herewith the center of pressure.
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THE CURVED JET FLAP, TWO-DIMENSIONAL THEORY,
W. F. Jacobs and J.H. Paterson, Lockheed Report
ER-2513, 1956.

THE FFFECT OF NOSE MODIFICATION ON THE AERODY-
NAMIC CHARACTERISTICS OF JET FLAPPED AEROFOILS,
W.F. Jacobs, and J.H. Paterson, Lockheed Report
ER-2514, 1956.

AN INVESTIGATION OF THF EFFECTS OF THICKNESS,
CAMBER AND NOSE RADIUS ON THE PERFORMANCE OF JET-
FLAPPED AEROFOILS, J.A. Beasley, RAE TN Aero.
2534, 1957.

Pressure distributions are calculated by Kuche-
mann's method for six aerofoils with jets blow-
ing over deflected trailing edge flaps. Some in-
accuracy has been incurred by making approxi-
mations in the calculation but it has been possi-
ble to study qualitatively the efficacy of
thickness, camber and nose radius in preventing
flow separation near the nose. The conclusions
could thus be used to select aerofoils suitable
for use with jet flaps. The effects of jet
deflection angle and of incidence are also dis-
cussed.

THE FINITE ASPECT RATIO JET FLAP, R. A. Hartunian,
Cornell Aero. Lab., Report AI-1190-A-3, 1959.
Army-sponsored derivation of lifting surface
equations for a finite aspect ratio wing equipped
with jet flaps, assuming small perturbations of
the undisturbed flow. The limiting case of

large aspect ratio is considered in detail, the
resulting equations are solved for the special
case of a system with elliptic loading. Re-
lations for the 1lift coefficient, jet shape,

and pitching moment are presented. The results
of the theory are found to be in good agreement
with experiment over a wide range of aspect
ratios, angles of attack, jet deflections, and
jet momentum coefficients. The induced drag,
obtained for the elliptically loaded case, is
shown to agree with the results of a momentum
theory. Comparison of the induced drag with

the experimentally determined drag is also dis-
cussed.
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THEORY OF TWO-DIMENSIONAL AEROFOIL WITH JET-FLAP,
W. J. Prosnak, Arch. Mech. Stosowarej, No.l, 1958.
With consideration of experimental and theoretic-
al results previously published an investigation
is presented of the influence of a jet flap on
the aecrodynamic coefficients of an aerofoil,
assuming perfect fluid and steady plane motion,
with no assumption as to jet thickness, type of
profile or angle of incidence. The analysis is
based on flow past a circular profile with jet
flap.

LIFTING SURFACE THEORY FOR JET-FLAP WINGS,

A. Das, WGL. Jahrbuch, 1960.

In this paper a method for calculating the lift
distribution of wings of finite span with jet-
flaps is given. This method is an extension of
the lifting surface theory of Truckenbrodt. The
present method of calculation is based upon the
two-dimensional jet-flap airfoil theory by

D.A. Spence and ¥W. Jacobs. In order to obtain
an essential simplific.tion of the problem the
two-dimensional vorticity distrihution along

the chord and the je+ as given by Spence was
approximated by a ccmoination of the baric distri-
butions of Birnbaum. Some numerical examples
were calculated for a straight rectangular wing
of aspect ratio A=2.75. The theoretical and ex-
perimental results are in very good agreement.

INFLUENCE DU SOUFFLAGE AU VOISINAGE DU BORD DE
FUITE SUR LES CARACTERISTIQUES AERODYNAMIQUES
D'UNE AILE AUX GRANDES VITESSES, Poisson-Quinton,
Ph. and P. .ousserandot, Rech. Aeron. No.56, 1957.
The applicat.nn of blowing over wings to get
higher lift atc takeoff and landing is well-known
and in the field of interest today. The next
step is the application of blowing at high speeds.
With zero flapping the jet permits a remarkable
reduction of blowing at h. - 1 speeds. With zero
flapping the jet permits a . -markable reduction
of the drag in the subsonic region. An orienta-
tion of the jet perpendicular to the wiig-sur-
face gives in the subsonic region an effect of in-
creased circulation and in the transonic and
supersonic region, a spoiler-effect. The

spoiler effect is nearly independent of the speed.
A 30° flapping of the jet influences appreciably
the shock-formation in the region of the profile-
trailing-edge at transonic speeds.

See also I.3.2.4 and I.4.1.11
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I.3.2

Il3.2.l

Il3.2.2

Flow Fields -

LINEARIZED INVISCID~-FLOW THFORY OF TWO-DIMEN-
SIONAL THIN JET PEMETRATION INTO A STREAM,

T. Strand, M.H.Y. Wei, Air Vehicle Corp, La
Jolla, California, February 1968.

The potential flow of a stream that interacts
with a two-dimensional thin jet of a different
total head, being injected into the stream from
an infinite plane surface at an arbitrary angle,
is analyzed using natural coordinates. The velo-
city magnitudes along the interface and the non-
dimensional shape of the int.:face between the
jet and the stream are obtained as functions »f
the injection angle and the ratio of the free
stream velocity to the velocity in the jet at
infinity downstream. Results are presented for
several cases when the jet issues at oblique
angle from the surface, and also for the limit-
ing case when the jet opposes the free stream.
The latter case corresponds to the flow due to
one branch of a translating two-dimensional jet
after the jet has been split into two branches
by impingement on the ground. It might also
correspond to the flow of a two-dimensional
thrust reverser.

AN EXPERIMENTAL INVESTIGATION INTO THE SHAPE OF
THRUST AUGMENTING SURFACES IN CONJUNCTION WITH
COANDA-DEFLECTED JET SHEETS, Part II, T. Mehus,
Toronto University Inst. for Aerospace Studies,
Report No. UTIAS TN-79, January 1965.

The present work is a continuation of the experi-
mental investigations described in AD-611 759.
The purpose was to increase the thrust aug-
mentation of a configuration consisting of a
Coanda surface (quadrant), deflecting the primary
jet sheet through 90 degrees, in conjunction with
additional (thrust auamenting) surfaces. The
effect of a horizontal and vertical gap between
the lip of the nozzle and the leading edge of the
deflection surface, as well as the effect of a
gap between its trailing edge and the dowr.gtream
diffuser wall (tertiary flow) was studied. These
experiments were carried out for a convergent
(subsonic) and a convergent-divergent (super-~
sonic) nozzle at various pressure ratios. The
subsonic jet sheet produced the highest thrust
augmentation. Tilting of the quadrant led to an
increase in the augmentation ratio (excluding the
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I.3.2.2

I.3.2.3

I.3.2.4

I.3.2.5

(continued)

lift acting on the nozzle), while the total
thrust augmentation (including the lift over the
nozzle) did not increase. Typical secondary

and exit mixed flow velocity profiles were
obtained. The highest total thrust augmentation
observed was 1.37.

THE THEORETICAL EVALUATION OF THE DOWNWASH BEHIND
JET FLAPPED WINGS, A. J. Ross, Royal Aircraft Es-
tablishment, Report No. Aero 2599, January 1958
and ARC R&M 3119, 1961l.

The downwash behind jet-flapped wings of infinite
and finite span was evaluated. The wing ‘incidence
and jet deflection are assumed to be small, and
the displacement of the jet is taken into account
by displacing the downwash field so that the re-
lative distance between the jet and tailplane is
correct. It is also assumed that the spanwise
loading on the finite wing is elliptic, and that
the trailing vorticity is generated at one parti-
cular chordwise position. The wake is ccnsidered
to be a flat sheet, and so the effect of the
rolling-up of the wake has been neglected.

THE AERODYNAMICS OF JET FLAPS, J. Williams, S.F.J.
Butler and M.N. Wood, Aeronautical Research Coun-
cil R&M 3304, 1961.

The paper discussed lift, pitching moments, down-
wash, thrust, sideslip derivatives, and ground
effects of jet flaps. The basic concepts and
bagis of analysis were discussed. The 2-D theory
for a flap lift of Spence and the 3-D theory of
Spence and Maskell were reviewed and typical data
exhibited. Thrust recovery was discussed. Data
were shown on the effects of ground proximity.

The statement was made that, while the available
theories have provided valuable background, they
are essentially inviscid thin airfoil and lifting-
line treatments. Semi-empirical approaches must
still be used.

HYDRAULIC TANK FOR VISUALIZATION OF FLOWS AROUND
STATIONARY VEHICLES, H. Werle and M. Gallon, La
Recherche Aerospatiale, No.129 March/April 1969.
The new hydraulic tank recently put in operation
at ONERA designed for investigating flows around
stationary models with sinks, jets or moving
parts.
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I.3,.3.% (comtinued)
THe tests limited to flow visualization do not
witfer in this rather wide tank from wall effects
P the water tunnel used for tests on models
w1 a general relative motion.

f.)is article described the new facility, pre-
sented its characteristics and possibilities
and gave some test results which concern basic
research as well as studies in applied aerody-
namics.

I.3.2.6 PRINCIPES ET RESULTATS DE CALCULS D'AILES A JET
PAR ANALOGIES RHEOFILECTRIQUES, L. Malavard and
L. Lepage, Rech. Aeron., No.77 1960.
A simple theoretical scheme, based on the
supposition of small deviations, can represent
the computation of the effect of the blowing out
at the trailing edge of a thin profile or a wing.
The method of rheoelectrical calculation permits
the establishment of a model analogous to that
scheme. This method was applied first in case
of two-dimensional profiles; it was used sub-
sequently for the calculation of wings with jets
of different forms. The results are given for
wings of different aspect ratio, rectangular wings,
delta wings and sweptback wings with various
values of C,-

1.3.2.7 MIXING AND THE JET FLAP, B.S. Stratford, Aero, Q.,
Vol. III, May 1956.
One of the main problems associated with the
'jet flap' concerns the discrepancy in thrust
between idealized theory and the experimental
results. This discrepancy is attributable to the
mixing with the surrounding flow of the thin two-
dimensional jet while still in close proximity
to the aerofoil. The effect of the mixing may
be calculated to a first approximation from a
formula derivable from first principles, while
certain second order effects, which can be sig-
nificant, may be considered qualitatively.

I.3.2.8 INTERFERENCE ON A THREE-DIMENSIONAL JET-FLAP
WING IN A CLOSED WIND-TUNNEL, E.C. Maskell,
RAE TN Aero,2650, 1959.
Extension of the classical theory of wind-tunnel
interference to cover the case of a full-span
jet flap at the trailing edge of a high aspect
ratio unswept wing. It is shown that, for small
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1.3.2.8

{continued)
constraint, corrections, Acy and Ac must be added

to the observed jet momentum coefficient and wing
incidence, respectively. These corrections are
derived together with the corresponding correc-
tions to the observed 1lift and a thrust coeffi-
cient. Corrections to the observed downwash
field over a limited interval downstream of the
trailing edge of the wing are also derived.
These lead to a corrected jet path and a down-
ward displacement of the downwash-pattern, in
addition to the direct increment to the observed
downwash. Corresponding corrections to tail
height and setting are also given.

See also, I1.3.1.2, .8, .14, .17, .27, .28, .29,
.30,.39, .44, .51, .60.
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I.3.3.2

I.3.3.3

I s S e

Ground Effect -

A NOTE ON GROUND EFFECT ON THE LIFT DUE TO A

JET FLAP, A.D. Youhg, ARC. 19, 971, 1958.

The analysis demonstrates the basic mechanism
whereby the 1ift associated with the circulation
round a wing section is limited by the presence
of the ground. If it is accepted that the pres-
sure lift on a wing with a jet fiap can be identi-
fied with the circulation lift, then the analysis
goes some way towards explaining the observations
of Huggett, who has demonstrated that the lift on
a wing with a jet flap can be considerably re-
duced by ground effect.

THE GROUND EFFFCT ON A TWO-DIMENSIONAL JET-
FLAPPED AEROFOIL, G.J. Hancock, Queen Mary
College, London, unpubl. 1958.

AN APPROACH TO THE THEORETICAL STUDY OF THE
GROUND EFFECT ON A JET FLAP, D.J. Huggett, Univer-
sity of Southampton, Rp. 112, 1959; ARC 20,

279, 1958.

A theory is developed for a jet flap wing near
the ground. Under conditions for which the jet
hits the ground this theory gives the distri-
bution of pressure lift on the wing and the shape
of the jet. Results are included for a wide
range of jet coefficients with the ground at two
different positions. At each ground position

two different jet deflection angles are taken.

See a].SO, 103-102’ 012, 016’ 018’ -26’ 047
and I.3.2.4.
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I.3'4
I.3.4.1

Stability and Control

A THEORETICAL INVESTIGATION OF THE LONGITUDINAL
STABILITY, CONTROL AND RESPCNSE CHARACTERISTICS
OF JET-FLAP AIRCRAFT, PARTS I and II, A.S. Taylor,
A.R.C.R. and M. No. 3272, February 1960.

This report deals with two stages of an explora-
tory investigation into the longitudinal stability,
contreol and response characteristics of jet-flap
aircraft of reasonably high aspect ratio, based
on Spence's theoretical two-dimensional lift and
moment data. The relative merits of conventional
(tail) controls and jet-flap controls (throttle,
flap deflection) Are considered.

In Part I attention is restricted to considera-
tions of trim, static stability and quasi-steady
maneuverability, on the basis of which, jet con-
trols appear to compare somewhat unfavorably
with tail controls.

In Part II a study is made of dynamic stability
and of comparative response characteristics for
step-inputs of the three controls. It is con-
cluded that in the high-lift condition, the
quasi-steady maneuverability criterion is not a
valid basis of comparison of control effective-
nesses, because a divergent phugoid of relative-
ly short period, coupled with a rapid oscillation
of relatively long period, prevents the establish-
ment of a quasi-steady condition. Because initial
response is much slower for tail control than for
jet controls it is possible that jet deflection
control may be more effective than tall control
for this case. The maneuverability criterion
remains substantially valid for the cruising
condition,however, a superiority of tail over jet
controls for this case is confirmed.

See also, I.3.1.12
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I' I.3.5 Handling Qualities and Criteria

See I.3.4.1 and Sections I.3.7 and I.8.5.
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I.3.6
I.3.6.1

Testing

EFFETS DF PAROI SUR UNE AILE AVEC SOUFFLAGE,
R. Duquenne et H. Werle AGARD Report 305,
March 1959.

Blowing at the trailing edge in the presence
of a wall is considered.

See also, I1.3.2.7
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I.3.7
I1.3.7.1

I.3.7.2

I.3.7.3

I.3.7.4

I.3.7.5

General -

EARLY THOUGHTS ON THE JET FLAP, B.S. Stratford,
The Aeronautical Quarterly, February 1956.

A historical sketch of the jet-flap prior to
1956 was given.

THE JET AUGMENTED FLAP, J.G. Lowry, J.M. Riebe,
and J.P. Campbell IAS Reprint 715, January 1957.
A historical review of the jet flap was given.
Guides for predicting jet-augmented flap charac-
teristics were given. Ground effect and downwash
were discussed. Longitudinal trim and stability
and control problems associated with the jet-aug-
mented flap were discussed.

RECHERCHES THEORIQUES ET EXPERIMENTALES SUR LE
CONTROLE DE CIRCULATION PAR SOUFFLAGE APPLIQUE
AUX AILES D'AVIONS, L. Malavard, P. Jousserandot
and others, ONERA TN 37, 1956.

The necessity to reduce the speed and takeoff and
landing of modern aircraft has led to new concep-
tions of lift generation using the turbo-engines
which are needed to give the propulsion for the
airplanes. Giving the main parameters and a
linear theory of blowing the report contains in
a number of diagrams two-dimensional and some
three-dimensional results of blowing over a flap,
blowing symmetrically over and under a flap,
results of the jet-flap and results about a con-
figuration with suction at the gap between the
profile and the flap and blowing at the rear of
the flap. The results were obtained by theory
end especially by experiment. The authors give
some comments about the applicability of the
theory and discuss the different possibilities
of blowing together with their problems.

SOME COMMENTS OF THL 'JUET FLAP' WITH PARTICULAR
REFERENCE TO AIRCRAFT CONTROLS AND FLIGHT AT TRANS-
ONIC SPEEDS, H.H. Pearcey, ARC, 16,174, 1953.

SUR L'UTILIZATION DES JETS PROPULSIFS A
L'HYPERSUSTENTATION D'UN AVION, Poisson-Quinton,
PH. and A. Bevert, Techn, et Sc. Aero., September-
October 1959.

Survey of various methods of lift generation by
means of jets and evaluation of the jet flap
principle. Wind tunnel experiments on three
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1.3.7.5

I.3.7.6

I1.3.7.7

I.3.7.8

(continued)

configurations of hypothetical aircraft capable

of high speed with low aspect ratio wings are de-
scribed. The lift and drag performance, as func-
tion of turbine thrust, is compared with that :
obtained by simple downward deflection of the jets.
The longitudinal stabilization achieved by means

of auxiliary jets in the nose of the ground effect
principle with results of the effect of various
(intensity and orientation of the jets) as func-
tion of the distance from the ground. The similar-
ity of results obtained ona platform and on jet
flaps is pointed out and the possibility of using
the favorable ground effect for takeoff and land-
ing application to high-speed aircraft is evaluated.

PRINCIPE D'ETUDE DE L'AILE A JET, M. Roy, Rech.
Aeron. No.52, 1956.

The report gives some information about the pro-
pulsion-wing. The author discusses a special
jet-wing configuration with an air-inlet at the
wing leading-edge and blowing at the rear of the
wing. There are different remarks about defini-
tions, theory and experiment. Some new theore-
tical results are given.

THE JET FLAP AND STOL, G. K. Korbacher, UTIA,
Decennial Symposium Proceedings, Part 1I,

October 1959.

The jet flap is briefly reviewed. 1Its principle
is defined and its outstanding virtues - as e.g.
summarized in the thrust and lift hypotheses -
are discussed and analyzed as to their aerody-
namic background. Next the proper jet flap is
compared with the jet augmented flap. The most
useful and practical theoretical jet flap theories
are briefly covered and the total and induced jet
flap drag is discussed.

Finally, the jet flap features are evaluated as
to their usefulness to all types of jet engine
powered aircraft, especially for VTOL.

AN INTRODUCTION TO THE JET FLAP, I.M. Davidson

and B.S. Stratford, ARC No. 17082, NGTE Report,
R. 155, 1954.
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I.3.7.9

I.3.7.10

I.3.7.11

I.3.7.12

I.3.7.l3

NOTE ON A 'JET FLAP' THEORY, J. H. Davies,
ARC. 17, 113, 1954.

THE JET FLAP; A NEW PRINCIPLE FOR THE MORE
EFFECTIVE UTILIZATION OF AIRCRAFT JET STREAMS,
B.S. Stratford, NGTE, Note NT 56; ARC 15, 996,
1953.

BRITISH RESEARCH ON THE JET-FLAP SCHEME, J.
Williams, ZFW, June, 1958.

This review outlines British wind-tunnel and
theoretical investigations on jet-flaps, and
some experiments planned to amplify our know-
ledge and experience. Relevant engine develop-
ments are not discussed, but their importance
should not be overlooked.

APPLICATION OF THE JET FLAP, J.M. Riebe,
NASA Memo 7-3-59L, 1959.

THE JET FLAP-REVIEW AND EXTENSION, T. Strand,
Convair Aerodynamic Rp. ZA-255, 1956.

See also, I.3.2.4, I.3.1.36,and .54
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I.4 HIGH LIFT DEVICES (including BLC)

I.4.1
I.4ll.1

I.4.1.2

I.4.1.3

I.4.l.4

I.4.1.5

Forces and Moments

HIGH LIFT BOUNDARY LAYER CONTROL, H. Tennekes
VTH Report 114, November 1962.

AERODYNAMIC ASPECTS OF BOUNDARY LAYER CONTROL

FOR HIGH LIFT AT LOW SPEEDS, J. Williams and
S.F.J. Butler, AGARD Report 414, January 1963.
Various methods of providing boundary-layer-
control are outlined, comprising slot blowing,
slot suction, area suction, inclined air-jets,

and specially-designed aerofoil shapes. The
aerodynamic aspects of slot blowing over trail-
ing-edge flaps and the wing nose are then examined
in detail, and slot suction and area suction are
considered. The associated practical design
features required for good performance are discussed
and some flight-handling implications mentioned.

A METHOD FOR PREDICTING LIFT INCREMENTS DUE TO

FLAP DEFLECTION AT LOW ANGLES OF ATTACK IN INCOMPRES-
SIBLE FLOW, E. C. Polhamus, NACA TN 3911, January
1957.

A method is presented for estimating the lift due

to flap deflection at low angles of attack in in-
compressible flow. In this method provision is made
for the use of incremental section-lift data for
estimating the effectiveness of high lift flaps.

The method is applicable to swept wings of any aspect

ratio or taper ratio. Also included is a simplified
method of estimating the lift-curve slope throughout
the subsonic speed range.

COMPUTATION OF THE INCREMENT OF MAXIMUM LIFY1 DUE
TO FLAPS, A. Roshko, Douglas Report SM-23626,
July 1959.

APPROXIMATE METHOD FOR DETERMINING THE POTENTIAL
FLOW ABOUT AN ARBITRARY AEROFOIL SECTION IN A TWO-
DIMENSIONAL FINITE STREAM WITH PARTICULAR REFERENCE
TO LARGE STREAM DEFLECTIONS, D. G. Gould, NRC Report
LR-260, August 1959.

The flow about and on the surface of an aerofoil
section in a finite stream and that about and on

the surface of the same aerofoil section in an in-
finite symmetrical cascade are compared.
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I.4.1.6

I.4.1.7

I.4.1.8

I.4.1.9

THE THEORETICAL ESTIMATION OF POWER REQUIREMENTS

FOR SLOT-SUCTION AEROFOILS, WITH NUMERICAL RESULTS
FOR TWO THICK GRIFFITH TYPE SECTIONS, J. H. Preston,
N. Gregory and A.G. Rawcliffe, R&M 2577.

This report describes a method of assessing the
performance of slot-suction aerofoils in terms of

an effective drag coefficient, which takes into
account the power requirements of the suction

pump neglecting slot entry and duct losses. When

the suction-slot is located at a velocity discontinui-
ty the suction flow required to prevent separation
can be calculated, using the elementary theory suggest-
ed by Sir Geoffrey Taylor.

POWER REQUIREMENTS FOR DISTRIBUTED SUCTION FOR
INCREASING MAXIMUM LIFT, R. C. Pankhurst and N.
Gregory, ARC CP82.

ANALYSIS OF SOMFE PARAMETEFRS USED IN CORRELATING
BLOWING-TYPE BOUNDARY-LAYFR CONTROQL DATA,

M. W. Kelley, NACA RM A56F1l2, June 1956.

An examination was made of limitations to the use
of the jet momentum coefficient as a correlating
factor in comparing tests of blowing-type boundary-
layer control. A theoretical analysis indicated
that this parameter should be acceptable where

the duct pressures are large. At low pressures,
when the jet v~=locity is of the local stream velocity
the correlating parameter should include a term
involving the flow quantity and ratio of the 1local
velocity at the nozzle to the freestream velocity.
Experimental data were shown to substantiate this
conclusion.

THE AERODYNAMIC CHARACTERISTICS QF FLAPS, A.D. Young,
R&M 2622, (February 1947, published 1953.

This report collects and summarizes the results of
work that has been done both in this and other
countries on the aerodynamic characteristics of [laps
both before and during the 1939-45 War.

Includes correlations of much 2- and 3-dimensional
test data and gives methods for estimating lift,
drag and moment coefficients for wings with flaps.
These correlations form the basis for the method
described in Royal Aeronautical Society Data Sheets,
01.01.08, 01.01.10, Ol.0l1.10.
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I.4.1.10

I.4.1.11

I.4.1.12

WIND-TUNNEL INVESTIGATION OF EXTERNAL-FLOW JET-
AUGMENTED DOUBLE SLOTTED FLAPS ON A RECTANGULAR
WING AT AN ANGLE OF ATTACK OF 0° TO HIGH MOMENTUM
COEFFICIENTS, E.E. Davenport, NACA TN 4079,
September 1957,

A wind tunnel investigation has been made to
determine the characteristics of externali-flow
jet-augmented double slotted flaps which appear
suitable for application to aeroplanes with pod-
mounted engines. The investigation included
tests of a rectangular wing with an aspect

ratio of 6 over a momentum-coefficient range
from 0 to 28,

DISCUSSION ON AFRODYNAMIC ASPECTS OF V/STOL
AEROPLANES. H. Schlichting and K. Gersten,
DFL Bericht N. 151 Der Deutschen Forschung-
sanstalt fur Luftfahrt e.V., Braunschweig, 1961,
23 Seiten, Preis: DM 6,25
This paper gives a contribution to discussions
on aerodynamic aspects of V/STOL aeroplanes held
in the AGARD Fluid Dynamics Panel in Oslo,
July 24, 1961. A survey is given on the following
investigations, carried out in the Aerodynamische
Versuchsanstalt (AVA) Gottingen and the Deutsche
Forschungsanstalt fur Luftfahrt (DFL) Braunschweig:
1. "Boundary Layer Control by Suction;
Results of Wind Tunnel Tests and Flight
Measurements" (W. Wuest, AVA).

2. "High Lift Investigations on Aerofoils with
Boundary Layer Control by Blowing"
(F. Tomas, DFL).

3. "Ground Effect on Wings with Jet Augmented
Flaps" (K. Gersten, DFL).

4. "Lifting Surface Theory for Wings with
Jet Flaps" (A. Das, DFL).

THEORETICAL SYMMETRIC SPAN LOADING DUE TO FLAP
DFFLECTION FOR WINGS OF ARRITRARY PLAN FORM AT SUBSONIC
SPEEDS, J. DeYoung, NACA Report 1071.

A procedure based upon a simplified lifting-surface
theory that inrcludes effects of compressibility and
spanwise variation of section lift-curve slope is
presented in such a manner that the spanwise loading
due to flap deflection can be simply found for wings
having symmetric plan forms with constant spanwise
sweep angle of the quarter-chord line. Aerodynamic
characteristics due to flap deflection are considered
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£ I.4.1.12

-i I.4.1.13

) I.4.1.14
I.4.1.15

(continued)

and for straight--tapered wings, values of certain
of these characteristics are presented in charts
for a range of swept plan forms. Further use of
the method gives downwash in the vertical center
of the wake of the wing.

A SERIFS OF AEROFOILS DESIGNED TO DEVELOP
EXCEPTIONALLY LARGE LIFT COEFFICIENTS WHEN

BOUNDARY LAYER CONTROL BY BLOWING IS EMPLOYED,

D. G. Hurley and P.R. Skeat, ARL Report 2102,

March 1957.

A series of aerofoils has been designed by an ex-
tension of classical free streamline theory to
develop very large lift coefficients when a blowing
slot is used to suppress boundary layer separation.
Cne of the aerofoils which has a thickness/chord
ratio of 0.62, a trailing edge angle of 90° and a
design lift coefficient of 9.69 has been investigated
in detail.

METEOD FOR CALCULATING LIFT DISTRIBUTIONS FOR UN-
SWEPT WINGS WITH FLAPS OR AILERONS BY USE OF NON-
LINEAR SECTION LIFT DATA, J.C. Sivells and G. C.
Westrick, NACA Report 1090, 1952.

A method is presented for calculating lift distri-
butions for unswept wings with flaps or ailerons
using non-linear section lift data. This method is
based upon lifitng line theory and is an extension
to the method descriped in NACA Report 865. Simpli-
fied computing forms containing detailed examples
are given for both symmetrical and asymmetrical lift
distributions A few comparisons of experimental

and calculated characteristics are also presented.

SUMMARY OF WIND TUNNEL DATA FOR lIGH-LIFT DEVICES
ON SWEPT WINGS, H. O. Palme, SAAB Technical Note 16,
April 1953, published 1954.

Based on a recapitulation of the known aerodynamic
characteristics of profiles with high-1lift devices

a mainly statistical analysis is made of these
devices on swept-back wings. It is shown that large
aspect ratio variations have very little effect on
the effectiveness of the devices. The influence

of sweepback, and of the span of the device, is on
the other hand large. An approximate method for
calculating the lift at a given angle of attack for
wings with flaps is given.
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I.4.1.16

I.4.1.17

I.4.1.18

I.4.1.19

MAXIMUM LIFT FOR LANDING OF SWEPT WING AEROPLANES,
H.O. Palme, SAAB Technical Note 17, April 1953,
published 1954.

Based on experiences gained in flight tests of swept
wing aeroplanes, a discussion is made of possible
methods for determining from wind tunnel tests the
maximum obtainable 1ift coefficient for landing.
This is found to be difficult since the dynamic
effects experienced in actual flight are not pre-
sent in the wind tunnel; however, an approximate
calculation of obtainable lift for landing is
carried through for swept-wing aeroplanes with
various wing plan forms. 1In connection with this,
various methods for prevention of tip stall are
discussed.

SUMMARY OF SECTION DATA ON TRAILING EDGE HIGH-LIFT
DEVICES, J.F. Cahill, NACA R 938.

STOL PERFORMANCE EMPHASIZED IN AIRCRAFT DESIGN WITH
SPECI2AL REFERENCES TO JAPANESE CONTRIBUTION, Hiroshi
Nakaguchi, Am.Inst. of Aeron.& Astron. RAS & Japan
Soc. for Aeron.& Space Sci., A/C Des. & Tech. Mtg.,
10/15-18, 1965, Paper 65-771.

Possibilities of improving STOL aircraft performance,
with special reference to Japanese experiments on a
modified SAAB Safir single-engined monoplane, an
experimental flying boat, and lightweight turbojet
engines. Increasing demands of STOL performance are
discussed, with comment on certain difficulties
which have been encountered. Airfoil sections and
high lift devices, stability and control at low
speed, and thrust tilting are considered. Modifica-
tions made to the SAAB Safir are outlined, and some
results are described. Stall characteristics were
found to be excellent. In the experimental flying
boat, a unique feature is a new spray suppressor.
High lift is achieved by a deflected slipstream
combined with blown flaps and control surfaces. An
experimental turbojet engine is briefly described.

HIGH LIFT DEVICES FOR SHORT FILLD PERFORMANCE, In-
teravia, Vol.l9, April 1964.

Brief survey of the current state of the art in high
lift devices on conventional takeoff aircraft in the
supersonic age. It is concluded that there is
little or no further scope in the development of
aerodynamic lift augmentation devices such as flaps
and slats. Boundary layer control has been widely
investigated theoretically and experimentally, but
applications are in their infancy.
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I.4.1.20

I.4.1.21

I.4.1.22

EXTRACTS FROM THE FIRST AND SECOND RECOMMENDATIONS
OF THE ACOA TO THE TECHNICAL ADVISORY PANEL OF THE
NATIONAL AERONAUTICAL RESEARCH COMMITTEE, National
Res. Council of Canada, Ottawa, Associate Committee
on Aerodynamics, May 1964, 64p. (AD-447541).

The following study proposals are represented: "The
effects of Ground Proximity, Ground Roughness, and
Low Level Turbulence on the Aerodynamic Character-
istics of VTOL-STOL Aircraft and GEMS"; "The Problems
of Unsteady Aerodynamics Associated with Separated
Flow Including the Determination of Flutter Deriva-

tives"; "Fundamental Aerodynamics of Internal Flow
Particularly as Related to Duct Losses and Peripheral
Jets"; "The Aerodynamics of Jets and Jet Sheets, the

COANDA Effect and the Augmentation of Jet Thrust";
"Theoretical and Experimental Information on the Aero-
dynamic Characteristics of Propellers at all Angles

of Attack"; "The Interaction between the Propulsive
Airstream and the Wing"; "Boundary-Layer-Control to
Suppress Separation using both Geometric and Aero-
dynamic Means"; and "High Speed Aerodynamics'.

EXPERIMENTAL AND THEORETICAL INVESTIGATION ON BLOWN
WINGS AND THEIR APPLICATION IN AIRCRAFT DESIGN _
(EXPERIMENTELLE UND TFEORETISCHE UNTERSUCHUNGEN AN
AUSBLASEFLEGELN UND IHRE ANWENDUNG BEIM FLUGZEUGENT-
FURF), G. Strut and F. Thomas, In: Wissenschaftliche
Gesellschaft fur Luft und Raumfahrt, e.V. (WGLR),
Jahrestagung in Braunschweig von 9-12.10.62,

Jahrbuch, Edited by Hermann Blenk, Braunschweigq,
Friedrich Vieweg und Sohn 1963, p.119-132.

Wind-tunnel investigation of the effect of the flap
chord and the flap-noise radius on the aerodynamic co-
efficients of a wing profile with boundary-layer
control blowing over the flap length. The value of
the momentum coefficient of blowing required to pre-
vent flow separation is determined. The results ob-
tained experimentally are compared with theory and
with available experimental data. Calculations show-
ing the effect of the lift increase obtained by blow-
ing on the takeoff and landing distance of an aircraft
are presented.

DEVELOPMENT OF TFREE-DIMENSIONAL PRESSURE-DISTRIBU-
TION FUNCTIONS FOR LIFTING SURFACES WITH TRAILING-
EDGE CONTROLS BASED ON THE INTEGRAL EQUATION FOR
SUBSONIC FLOW, A. N. Crespo and H. J. Cunningham,
NASA TN-D 5419, October 1969.
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I.4.1.23

I.4.1.24

I.4.1.25

I.4.1.26

THE USE OF SLOTS FOR INCREASING THE LIFT OF AIRPLANE
WINGS, F. Haus, NACA TM 635, 193l.

AERODYNAMIC PROPERTIES OF WINGS WITH LEADING-EDGE
FLAPS (NOSE FLAPS), Foreign Technology Div. Wright-
Patterson AFB, Ohio,August 69, J. Wisocki.

The work discusses the aerodynamic properties of
airfoils with two types of leading edge flaps and
with crocodile flaps on the basis of the results of
NACA and German wind tunnel investigations published
in 1944-1948. 1Its purpose was to makc the informa-
tion available to designers in the form of an analy-
sis of the pressures on the leading edge of the
airfoil.

HIGH LIFT RESEARCH, General Dynamics/Convair,

San Diego, California, J. Hebert, Jr.

Convair initiated a study of the aerodynamic charac-
teristics of the passive types of high lift systems
in 1966. An effort began on a high lift prediction
handbook and plans are to complete it in 1968. 1In
conjunction with the handbook, a span load procedure
has been programmed for the computer. A number of
deficiencies were uncovered as the results of the
earlier investigation. As a consequence a two-
dimensiocnal wind tunnel test was planned for 1967

to eliminate certain deficiencies. The goal was to
investigate multiple slotted trailing edge flaps

and leading edge modifications. The primary factor
was the selection of the testing technique. After
careful consideration, blowing sidewalls and turn-
tables to eliminate wall effects were selected and a
calibration and test period was scheduled. The cali-
bration data indicated a number of unknowns in the
data. A limited amount of valid data was collected.

CAL/USAAVLABS SYMPOSIUM PROCEEDINGS, AERODYNAMIC
PROBLEMS ASSOCIATED WITH V/STOL AIRCRAFT. VOLUME II,
PROPULSION AND INTERFERENCE AERODYNAMICS, Cornell
Aeronautical Lab. Inc., Buffalo, N.Y. June 23, 1966.
Contents: predicted and measured performance of

two full-scale ducted propellers; aerothermal

dynamic performance of a high bypass tip turbine
cruise fan system; thrust deflection nozzles for
VTOL aircraft; shrouded propeller research at Missi-
ssippi State University leading to application on the

United States Army XV-11lA; the 1lift, drag and stability
of wings immersed in propeller slipstream; aerodynamic

properties of airfoils in non-uniformly sheared flow;
experimental investigation of compound helicopter..
aerodynamic interference effects; maximum lift coeffi-
cient for STOL aircraft; a critical review.
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I.4.1.27

I'4.1.28

I.4.1.29

I.4.1. 30

CHARTS FOR LOW-SPEED CHARACTERISTICS OF TWO-DIMENSIONAL
TRAILING-EDGE FLAPS, H. C. Garner, Aeronautical Research

Council, R&M 3174, Auaust 1957.

Semi-empirical charts are presented for estimating
the 1lift, pitching moment, and hinge moment for air-
foils with plain trailing-edge fiaps. Information
required is: airfoil ordinates, the flap chord, the
Reynolds number and fixed positions of bouricdary-layer
transition. The results compare quite well with test
data but require knowledge of location of boundary-
layer transition.

A CORRELATION OF TWO-DIMENSIONAL DATA ON LIFT COEFFI-
CIENT AVAILABLE WITH BLOWING-, SUCTION-, SLOTTED-,
AND PLAIN-FLAP HIGH-LIFT DEVICES, J. M. Riebe,

NACA RM L55D29a, October 1955.

A correlation was made of data available on various
flap~type high-1lift devices. Flap chord ratios
varied from 20 to 40 percent. The largest 1lift
increments were attained for the blowing flaps.

Flap chord ratio had a large effect on the momentum
coefficient required.

LIFTING CAPABILITIES OF WINGS WITH AND WITHOUT
HIGH-LIFT DEVICES. W. A. Schwartzberg and J. L.
Burch, G. L. Martin Co., Engineering Report No. 8055,
April 1956.

Contains a collection of charts for estimating the
maximum lift of wings with and without high-1lift
devices. Includes boundary-layer-control estimation
charts.

OPTIMIZATION OF AIRFOILS FOR MAXIMUM LIFT,

R. H. Liebeck and A. I. Ormsbee, AIAA Paper

69-739, July 1969.

The pressure distribution which provides the

maximum lift without separation for a mono-element
airfoil in an incompressible flow is determined
using existing boundary-layer theory and the calculus
of variations. The airfoil profiles corresponding
to these pressure distributions are determined using
second-order airfoil theory. The results indicate
maximum lift coefficients as high as 2.8 for Reynolds
numbers between five and ten million, and the
corresponding drag coefficients are on the order of
0.01. Compressibility has not been considered
directly, however the form of the optimum pressure
distributions suggests that the critical Mach
numbers should be on the order of 0.35.
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I.4.1.31

I.4.1.32

I.4.1.33

I.4.1.34

I.4.1.35

I.4.1.36

I.4.1.37

I.4.1.38

I.4.1.39

THE EFFECTS OF LEADING EDGE AND TRAILING EDGE FLAPS
ON THE CL MAX OF THIN WINGS AT LOW SPEED, Royal
Aircraft Establishment Farnborough (England),

G. G. Brebner, November 1955.

LIFT AUGMENTATION AND OPERATION OF AIRPLANES BY
CIRCULATION CONTROL, Poisson-Quinton, P. Jousserandot
Wichita State Univ., Kansas, August 1955.

THE SUPERSONIC BLOWING JET FNOR WING;LIFT AUGMENTATION
J. S. Attinello, Bureau of Naval Weapons, Washington,
D.C., October 1954.

CIRCULATION CONTROL BY MEANS OF TRAILING EDGE SUCTION
D. C. Hazen, T. E. Sweeney, Princeton University,

New Jersey, James Forrestal Research Center, August
1953.

AUGMENTING LIFT BY MEANS OF A SUPFRSONIC JET
DIRECTED OVER FLAPS, J. S. Attinello, Bureau of
Naval Weapons, Washington, D.C., May 1953.

FACTORS INFLUENCING THE DESIGN OF FULL-SCALE AND
MODEL HIGH LIFT WINGS WHICH UTILIZE BOUNDARY LAYER
CONTROL, J. Goldsmith, Northrop Aircraft Inc.,
Hawthorne, California, October 1954.

CIRCULATION CONTROL BY MEANS OF TRAILING EDGE SUCTION
D. C. Hazen, T. E. Sweeney, Princeton University,

New Jersey, James Forrestal Research Center,
September 1953.

BLOWING TESTS ON AN AEROFOIL WITH SLOTTED FLAP,

F. Ehlers and W. Schwier, German F.B. 1274, 1940.

On a rectangular wing of the NACA 23014 profile

with slotted flaps of different chord tests were

made for boundary-layer influence by blowing out

air, at which it has been attempted to increase

the effectiveness of the flaps. The results in-
dicated that through the blowing out the flap deflec-
tions could be made effective up to 45°.

THE LIFT ON A THIN AEROFOIL WITH A BLOWN FLAP,

D. A. Spence, RAE TN Aero. 2420, 1958.

A formula is given for calculating the lift on

a thin aerofoil with blown flaps. The classical
results for attached flow on flapped aerofoils
without supercirculation are also obtained as a
special case. It is shown that the effectiveness
of the jet flap scheme might be greatly increased
by blowing over flaps of the order of 20 or 30
percent of the chord, rather than over the very
small shrouds which has hiterto been proposed.
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I.4.1.40

I.4.1.41

I.4.1.42

INVESTIGATIONS INTO INCREASING THE LIFT OF WINGS BY
BOUNDARY LAYER CONTROL THROUGH BLOWING, F. Thomas,
Report No. RAE-Library Trans-1267, November 1967
(Royal Aircraft Establishment).

This report gave a survey of systematic measurements
on a rectangular wing with a blown flan at the
trailing edge. Alona the whole span of the wing air
was blown out through a narrow slot over the flap in
order to prevent boundary layer separation at high
angles of flap detection. Force and pressure plot-
ting measurements were carried out at Reynolds numbers
between 400,000 and 800,000. Measurements with

an increased momentum coefficient included the region
of supercirculation. 1In order to find a theoretical
estimation for the minimum momentum coefficient re-
quired for preventing the flow separation, the flow
phenomena in the boundary layer downstream of the
blowing slot were investigated by special experiment.
The velocity ratio of the jet and the free flow had

a considerable influence on the characteristic
boundary layer values (e.g. momentum thickness).
Using the results of these experiments, it was
possible to calculate the minimum momentum coeffi-
cient necessary to prevent boundary layer separation.
Up to flap deflections of 45 degrees these calcu-
lated values were in good agreement with the measure-
ments.

A REVIEW OF THEORETICAL MFTHODS RELATED TO BOUNDARY
LAYER CONTROL BY BLOWING. B. J. Graham, Boeing
Scientific Research Laboratories TM No. 40, April
1965.

Reviewed fundamental equations and assumptions for

2-D incompressible boundary-layer theory. Reviewed
available theoretical work on blowing boundary-

layer control. Concluded that the present methods are
highly empirical and unsatisfactory.

TABULATION OF MAXIMUM LIFT COEFFICIENT DATA OBTAINED
FROM TESTS ON AIRFOIL SECTIONS WITH HIGH LIFT
DEVICES, E. O. Rogers, Naval Ship Research and
Development Center, Technical Note AL-106, March
1969.

The results of a literature search to collect maximum
lift coefficient data on airfoil sections with high
lift devices are presented. The data are tabulated.
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I.4.1.43

I.4.1.44

I.4.1'45

I.4.1.46

A CORRELATION FOR THE EFFECT OF CONTROL DEFLECTION
UPON PITCHING MOMENT, J. C. Gibbings, Journal of the
Royal Aeronautical Society, Vol. 69 November 1965,
pp. 793-794.

A design chart is presented for estimating 3Cy/4Cy
of flap-type controls as a function of control chord.
The method would be suitable only for pre-design
estimates.

A CORRELATION OF BLOWN FLAP TEST DATA WITH DESIGN
CHARTS FOR ESTIMATING BLOWN FLAP LIFT AND C

REQUIRED, R. B. Owen, Boeing Company D6-8111,

March 1962.

A preliminary design method of estimating lift incre-
ments due to blown plain flaps and the momentum
coefficients required was given. Design charts

are given based on NACA and other tests. The method
correlated within +10%.

THE AERODYNAMICS OF HIGH-LIFT DEVICES ON CONVENTIONAL
AIRCRAFT, PART I., GENERAL DESCRIPTION ON CLMAX AND
STALLING BEHAVIOR, D. M. McRae, Aeronautical

Journal, Vol. 73, June 1969, pp. 535-541.

Attempted to correlate Cj with flap effectiveness.

: ¥AX ! .
The mechanisms for producing low pressure on various
types of flaps was described. The effect of a slot
on the pressure distribution is discussed. Typical
stall patterns are described and their relation to
aircraft handling characteristics at the stall dis-
cussed.

THE AERODYNAMICS OF HIGH-LIFT DEVICES OF CONVENTIONAL
AIBRRCRAFT, Part II. Some aspects of the RAE High-Lift
Regearch Prcgram, D. N. Foster, Aeronautical Journal,
Vol. 73, June 1969.

Surveyed the high-1lift research program at the RAE.
Current program is concentrated on sweepback angles
of less than 40° and aspect ratios of greater than
4.5. Airfoil sections designed for high lift are
being considered. A model will be tested with
fuselage isolated from wing to isolate fuselage comn-
tribution to aerodynamic loads. A theoretical method
for calculating loading on a wing with chord-
extending flaps is described (RAE TR 69034). Tests
on a model to investigate lateral control at high
lift are being conducted.
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I.4.1.47

1.4.1.48

I.4.1.49

THE ESTIMATION OF THFE LOADING ON SWEPT WINGS WITH
EXTENDING CHORD FLAPS AT SUBSONIC SPEEDS, J. McKie,
Royal Aircraft Establishment TR 69034, February
1969.

A method was given for estimating lift and vortex
drag increments due to part-—-span, extending chord
flaps on thin, sweptback, tapered wings of large
aspect ratio in inviscid, incompressible flow. It
was a linear theory and was considered as an exten-
sion of the RAE Standard Method for calculating
loadings on such wings. Spanwise loadings were
obtained by Multhopp's quadrature methods, extended
to include discontinuities in wing chord, and ex-
amples were given for some typical wing and flap
layouts.

THEORETICAL AND EXPERIMENTAL CONTRIBUTION TO THE
STUDY OF BOUNDARY LAYER CONTROL BY RLOWING, P.
Carriere, E. Eichelbrenner, and I’h. Poisson-Quinton,
in "Advances in 2Peronautical Scijiences," Vol. 2,
Proceedings of the First International Congress in
Aeronautical Sciences, September 8-13, 1958,
Pergamon Press, London, 1959.

In order to better understand blcwing boundary-
layer-control, boundary layer profiles were
examined experimentally for a jet emitted along a
wall. Using the experimental boundary layer pro-

‘files as a guide, a theoretical technique was de-

veloped for estimating the critical blowing coeffi-
cient. Some empirical results were presented for
use in preliminary design work.

A METHOD FOR PREDICTING THE LIFT, DRAG AND AIR
REQUIREMENTS FOR AN AIRCRAFT WITH BLOWN FLAP, D. H.
Aero. Dept/2824/DHD/DHW/Gen. September 1960., by

D. H. Dykins, D. H. Wilkinson.

Methods are described for predicting 1lift incre-
ments obtainable by use of a blown flap and the
drag increments incurred. Methods are empirical
based on mostly NACA experimental data. Geometry of
slot and flap are considered and penalties involved
in departing from optimum configurations are indi-
cated.
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II4.2.1

I.4.2.2

Flow Fields

PREDICTION OF DOWNWASH BEHIND SWEPT-WING AIRPLANES
AT SUBSONIC SPEED, J. DeYoung and W.H. Barling,
NACA TN 3346, January 1955.

The numerical integration method presented enables
a rapid prediction of downwash. The principal
cffects of the rolling-up of the wake are treated
as corrections to the flat-sheet wake. A simple
approximate correction for the effect of the
fuselage is applied. Computing forms and charts
of pertinent functions are included. Agreement
with availahle experimental data is gocd.

CESIGN CHARTS FOR PREDICTING DOWNWASH ANGLES AND
VAKE CHARACTERISTICS BEHIND PLAIN AND FLAPPED
WINGS, Abe Silverstein and S. Katzoff, NACA

Feport 648, 1939.

Equations and design charts for predicing downwash
angles and wake characteristics beynd plain and
flapped wings. Unswept wings AR=6,9,12, i=.2, .33,
.5, and 1, and bg/b=0, .4, .7, and 1.0. Based on
span loading from method of NACA TR 585. Wake
width and distribution of dynamic pressure across
the wake is given in terms of profile-drag coeffi-
cient and distance behind wing. Method of estimat-
ing wake position is given. No comparison made
with test data.

See also I.4.1.5 and I1.4.1.12
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Ground Effect -

See I.4.1.11 and Section I.8.3.
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I.4'4

Stability and Control -

See Section I.4.1 and Section I.8.4.
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4.5

Handling Qualities and Criteria -

No prediction methods were
found in the literature search.
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I.4.6
I.4.6.1

Testing

CORRECTIONS FOR SYMMETRICAL SWEPT AND TAPERED
WINGS IN RECTANGULAR WIND TUNNELS, W.E.A Acum.
R&M 2777, April 1950, published 1953.

It is shown that with wings with straight leading
and trailing edges the interference upwash due to
the images of the wing in the wind-tunnel walls
may be determined in terms of three functions of
the parameters defining the size of the wing and
tunnel. These functions have been tabulated and
used to estimate the effect on Cp and Cy, for wings
of a variety of sizes and shapes.
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104.7

I.4.7.1

I.4.7.2

I.4:7:.3

I.4.7.4

1.4.7.5

1.4.7.6

General

SUCTION-SLOT DUCTING DESIGN, A. G. Rawcliffe,
ARC R&M 2580.

SOME AERODYNAMIC AND OPERATIONAL PROBLEMS OF
STOL AIRCRAFT WITH BLC, J. J. Cornish Paper 64-193.

AIRCRAFT HIGH--LIFT DEVICES, Report Biblioaraphy
1953- January 1959, DDC-TAS-69-25.

This bibliography is a selection of 89 unclassified
references to unclassified-unlimited, unclassified-
unlimited, and confidential reports on aircraft
high-lift devices processed by DDC from January 1953
to January 1969. A list of 14 unclassified titles
of 9 confidential reports and 5 secret references

to secret reports are included. Corporate author-
monitoring agency, subject, personal author, contract
and report number indexes are provided.

BLOWN FLAPS FOR STOL OPERATION, M. A, Schwartzberg,
Aircraft Engineering, October 1959, pp.308-31ll.
Examined some available information on slipstream
deflection by large chord flaps and blown flaps.
Information was presented in a form which could

be used to estimate probable effects of a blown
flap in a propeller slipstream.

AERODYNAMIC PROBLFMS ASSOCIATED WITH V/STOL AIRCRAFT,
Volume III, Aerodynamic Research on Boundary Layers,
Held june 24, 1966, Statler-Hilton Hotel, Buffalo,
New Yorkm June 1966 - Cornell Aeronautical Lab, Inc.,
Buffalo N.Y.

Contents: spanwise flow effects on rotor performance
a preliminary study of the effect of a radial pres-
sure gradient on the boundary layer of a rotor blade;
the boundary layer of the hovering rotor; an_investi-
gation of the feasibility of a common boundary layer
control system for high-lift and low-drag on an
airfoil section.

BOUNDARY LAYER AND CIRCULATION CONTROL FOR STOL
AIRCRAFT, F. Thomas, in "The Aerodynamics of V/STOL
Aircraft", AGARDograph-126, May 1968.

A survey was given of the most prominent methods of
increasing lift by boundary layer and circulation
control. Experimental methods and calculation pro-
cedures were described. Emphasis was placed on
boundary layer control by blowing.
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I1.4.7.7 A SIMPLIFIED METHOD FOR ESTIMATING THE PROPERTIES

104.7.8

I.4.7.9

I1.4.7.10

OF THIN AEROFOILS INFLUENCED BY JET, S. Pivko,
Journal of the Royal Aeronautical Society, Vol.é4,
May 1960, pp.292-294.

A procedure was proposed for estimating the lift and
pitching moment of two dimensional thin jet and
jet-augmented flaps was proposed. The airfoil and
jet was represented by vortex distributions;
comparison of theory with the experiment shown was
good. '

POWER REQUIREMENTS OF A BLOWING WING WITH SEALED
AND SLOTTED TRAILING EDGE FLAPS, H.B. Helmbold,
Fairchild Aircraft a. Miss. Div., Eng. Rp. R.246-604
1959.

ONR-supported experimental investigation of a blow-
ing NACA 23015 airfoil with a sealed flap and an
effective blowing-slot width of 0.7% chord, over a
range of flap deflection angles from 0° to 70°. Only
flows fully attached to the flap are considered.

A comparison with the results for the slotted flap
with wide blowing slot shows that, at high flap
deflection angles, the power requirement of the
sealed flap is diminished only over a limited range
of lift coefficients after reattachment, whereas

for higher lift coefficients the slotted flap is
definitely superior. Present results are discussed
in their context with previous ones.

A SURVEY OF LITERATURE PERTINENT TO A MORFE BASIC
UNDERSTANDING OF BOUNDARY LAYER CONTROL BY EXTERNAL
BLOWING, S.G. Rubin, BSRL Flight Sciences Lab.,

T no.1l6.

Reviews experimental and theoretical research on
the behaviour of wall jets and indicates areas where
there are gaps in the information necessary for a
full understanding of them.

RECHERCHES THEORIQUES ET EXPERIMENTALES SUR LE
CONTROL DE CIRCULATION PAR SOUFFLAGE APPLIQUE AUX
AILES D'AVIONS, L. Malavard, P. Joussrrandot, and
others, ONERA TN 37, 1956.

Defines the mair boundary layer blowing parameters
and gives theoretical and experimental results for
a number of different configurations. The authors
give some comments about the applicability of the
theory and discuss the possibilities and problems
of blowing.
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I.4.7.11 HYPERSUSTENTAION ET PILOTAGFE DES AVIONS PAR CONTROLE
DE CIRCULATION, Poisson-Quinton, Ph. and P. Jousse-
randot, Bulletin de l'Association Technique Maritime
et Aeronautique-Session, 1955.

Study of the circulation control round a wing-
profile under theoretical and experimental aspects;
in both cases the selected fundamental parameters
are satisfying: (1) for suction: slot position
and ducted volume; (2) for blowing; momentum coeffi-
cient and jet orientation. The blowing on the
trailing~-edge of a profile leads to the future
solution of the jet-wing. The combination of the
effect of the flap and the effect of the jet permits
two actual solutions applicable to aircraft. Blow-
ing on the trailing-edge or tangential blowing from
the gap between wing and flap are discussed. 1In
both cases the controls for boundary-layer and for
circulation are close together.

I.4.7.12 QUELQUES ASPECTS PHYSIQUES DU SOUFFLAGE SUR LES
AILES D'AVION, Poisson-Quinton, Ph. Paper presented
at the Congress of AFITA, Paris, and at the Congress
of WGL, Darmstadt, July 1956; Techn. et Sc. Aero.,
No.4, 1956; WGL-Jahbuch 1956.

There are two ways of application of blowing taken
into consideration, the boundary-layer control and
the ¢.irmulation control. The boundary-layer control
is appiied in those zones of the profile where nor-
mally detachments appear. The blowing over a flap
grants the flap its theoretically possible effec-
tiveness up to considerable angles of deflection,
while by blowing near the leading edge the inci-
dence for maximum lift of the wing will be trans-
ferred to greater incidences. By blowing near the
trailing edge of the profile circulation control is
made possible. Due to this method considerable
lift coefficients may be reached, however, the
blowing energy, required for this procedure has the
size of the total energy, produced by the jet engine.
Beside from serving the lift increase for control
and stabilization of the aircraft the blowing may
be used for reduction of the drag of profiles.

I.4.7.13 BOUNDARY=LAYER CONTROL PRINCIPLES AND APPLICATIONS,
G. V. Lachmann, Ed. Pergamon Press
This book presents a comprehensive survey of all
aspects of boundary layer control. It contains
reviews of boundary layer control work carried out
in Europe and the USA, summaries of experimental
and analytical research and an extensive biblio-

graphy.
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I.5.1.2

1.5.%.3

1.5.1.4

1.5.1.5

I.5.1.6

I.5 FAN-IN-WING

Forces and Moments

ON THE EFFECT OF FAN AND THRUST ENGINE LOADING ON
THE TRANSITION POWER REOUIREMENTS OF A FAN WING,
N. Gregory, CP 690. 1963. '

The ideal power requirements of a fan wing in
transition have been calculated and the effects
are shown of varying the fan and thrust engine
areas relative to that of the wing, and of vary-
ing the wing aspect ratio.

ON THE REPRESENTATION OF FAN-WING CHARACTERISTICS
IN A FORM SUITABLE FOR THE ANALYSIS OF TRANSITION
MOTIONS, WITH RESULTS OF TESTS OF AN ASPECT-RATIO-
1 WING WITH FAN AT 0.354 CHORD. N. Gregory, CP552,
1961.

INDUCED INTERFERENCE EFFECTS ON JET AND BURIED-FAN
VTOL CONFIGURATION IN TRANSITION, K. P. Spreemann,
NASA TN D-731, March 1961.

DESIGN CHARACTERISTICS OF A LIFTING FAN V/STOL
LOGISTIC TRANSPORT, E. Kazan and W, Bergen

ANALYSIS OF THE PERFORMANCE OF A HIGHLY LOADED 12-
INCH VIOL Z-AXIS, FAN-IN-WING MODEL AT ZERO FORWARD
SPEED, U. W. Schaub and R. W. Bassett, NRC Report
LR-439, September 1965.

FAN-IN-WING V/STOL AIRCRAFT, H. A. James and K. L.
Sanders, AAE, Volume I, June 1963., pages 66-7l.
Brief survey of the technological state-of-the-art
of the fan-in-wing concept, with particular refer-
ence to the Ryan Vertifan XV-5A program. Discussed
is the application of jet-flap theory and empirical
relationships to the prediction of the longitudinal
forces and moments of finite wing-body combinations
that incorporate wing-body-submerged lift fans.
Momentum relations are presented which indicate the
general relationship of the power and lift paramet-
ers. Presented are pertinent relationships of the
turbojet engine and lift-fan characteristics, in
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I.5.1.6

1.5.1.7

I.5.1.8

(Continued)

terms of disk loading. The relative fan size and
power effects are illustrated. Noted is the prom-
ising application of the lift-fan concept in the
da2sign studies of a Mach-3, high-altitude fighter
aircraft.

LOW SPEED AERODYNAMIC CHARACTERISTICS OF JET VTOL
ATRCRAFT AT ANGLES OF ATTACK, Ktyna, D.J., Mass-
achuetts Institute of Technology, Cambridge
Department of Aeron. and Astron., May 1965, 90 p.

A VIOL model incorporating a lifting fan mounted
vertically in the fuselage was tested in the MIT
Wright Brothers wind Tunnel to examine the varia-
tions of the pitching moment and longitudinal
forces with changes in the angle of attack and for-
ward velocity. The model was tested at angles of
attack bstween t90 degrees, but the results were
considered reliable only up to 45 degrees due to-
stalling of the model fan blades. Moment was

found to be unstable between the measured angles

of attack from -45 degrees to +10 degrees, increas-
ing moderately as angle of attack increased. An
increase in the ratio of forward velocity to fan
efflux velocity also produced an increased moment.
A theory was employed to predict the results of the
experiment. The correlation was found to be reason-
ably good except at high ratios of free stream to
fan efflux velocity.

GENERALIZED CHARACTERISTICS OF VERTIFAN AIRCRAFT IN
THE FAN MODE, H. A. James, N. Y. Academy of Sciences,
Annals, Volume 107, Art. 1, March 25, 1963, pages
196-220.

General review of the basic aerodynamics and char-
acteristics of the fan-in-wing (FIW) type of air-
craft. It is noted that no readily usable theory
applicable to finite wings with submerged fans is
available for general analysis. Pertinent basic
fan relationships developed in the technical lit-
erature are given. Simple momentum theory is app-
lied to illustrate and compare some of the funda-
mental characteristics of FIW aircraft and conven-
tional aircraft. Data are used to study lift and
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1.5.1.9

I.5.1.10

(Continued)

and speed capabilities with various disk loadings.
Graphs of lift and speed attainable are presented
for various combinations of angle-of-attack and
exit-louver angle. The data are further general-
ized to illustrate lifting and transition speed
capabilities. It is concluded that incorporatiocn
of the FIW concept to conventional turbojet-powered
aircraft design offers the possibilities of flight
speeds down to hover, as well as high subsonic and
perhaps supersonic speeds.

THE LIFT PRODUCED BY A WING MOUNTED LIFT FAN AT
FLIGHT SPEEDS BELOAW TRANSITION, E. E. Martin,
American Helicopter Society Journal, Volume 9,
April 1964, pages 17-24.

Three-dimensional analysis of the fan-in-wing lift

produced during transitional flight. 1In this analy-

sis, the circulation caused by the flow through the
fan creates a strong downwash velocity component.
The downwash velocity reduces the effe~tive angle
of attack and produces an induced lift coefficient.
The three-dimensional solution obtained is shown to
provide a better representation of the test data
than that obtained with the two-dimensional theory,
which does not account for the induced lift coeffi-
cient.

AERODYNAMICS AND FN_YJNG QUALITIES OF JET V/STOL
AIRPLANES, M. O. M‘alnney, Jr., R. E. Kuhn and P.
Reeder, Society of Automotive Engineers and Ameri-
can Society of Mechanical Engineers, Air Transport
and Space Meeting, New York, N. Y., April 27-30,
1964, Paper 864A, 14 p.

Presentation of a summary of information on air-
craft aerodynamics, ground effects, propulsion-
system aerodynamics, stability and control, and
flying qualities of jet V/STOL aircraft. Both
direct jet-lift and lift-fan configurations are
considered. The information is applicable to high-
speed fighter-type aircraft. Research work is
reviewed in the area of wind tunnel experiments on
jet-induced effects including ground effects, and
in the areas of aerodynamics, stability and control
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I.5.1.10

I.5.1.11

I.5.1.12

I.5.1.43

(Continued)

problems in various flight ranges, such as V/STOL,

hovering, and transition.

Experimental research on propulsion aerodynamics in
the hovering and very low speed ranges of flight is
discussed, with a report of flight-test experience

on the flying qualities of several jet V/STOL air-

craft.

AN INVESTIGATION OF THE LIFT PRODUCED BY A FAN IN

A TWO-DIMENSIONAL WING, Sven-Anders, American Heli-
copter Journal, Vol. 7, October 1962, P. 25-32.
Explanation of the decrease in lift occurring at

low flight velocity for a fan-in-wing airplane.

The treatment is restricted to a two-dimensional,
infinite span, problem. A new approach is pre-
sented, which may be called ellipse-flat-plate
theory and treats a tandem arrangement of an ellipse
and a flat plate with potential flow theory. Two-
dimensional experiments are then compared to this
theory to give a fairly good agreement. The princi-
pal conclusion is that a separation exists on the
underside of the part of the wing behind the fan at
low flight velocities, causing the decrease in lift.

A VORTEX LATTICE LIFTING SURFACE THEORY FOR WINGS
WITH SUBMERGED FANS, N. V. McEachern and N. M.
Currie, National Research Council. National Aero-
nautical Establishment, NRC LR-311l, August 1961.

A vortex lattice lifting surface method of predict-
ing pressure distribution, lift, and pitch moment
daveloped by a wing with a submerged lifting fan

is presented. An nth order matrix of downwash
influence coefficients is inverted to yield the
vortex circulations in terms of a specified down-
wash distribution. Theoretical results for n=28
and nz=84 are compared with experimental
measurements of 1lift, pitching moment, and surface
pressure distributions on a wing with a single sub-
merged fan.

A GENERAL METHOD FOR DETERMINING THE AERODYNAMIC

CHARACTERISTICS OF FAN-IN-WING CONFIGURATIONS, Vol.
I, Theory & Application, P. E. Rubbert; G. Saaris;
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1.5.1.14

(Continued)

M. B. Scholey:; N. M. Standen; R. E. Wallace, The
Boeing Company, USAAVLABS TR-67-6lA-Volume 1,
December 1967.

A general method was presented for the determination
of aerodynamic characteristics of fan-in-wing con-
figurations by means of incompressible potential
flow theory. The method was applicable to wings,
flapped or unflappad, and to a wide variety of
other potential-flow boundary-value problems.
Arbitrary wing and inlet geometry, fan inflow dis-
tribution, thrust vectoring, angle of attack, angle
of yaw, and flight speeds from hover through transi-
tion can be treated. The theoretical model was
completely three dimensional, with no linearization
of boundary conditions. The calculated results
included pressure distributions, lift, induced drag
and side force pitching moment, rolling moment and
yawing moment. The numerical potential-flow solu-
tion was obtained with source and vortex distribu-
tions on the boundary surfaces. The representation
was composed of small, constant-strength source
sheet panels distributed over the exterior wing
surfaces, internal vortex filaments which emanated
from the wing trailing edge to provide circulation
and to produce the trailing vortex sheet, and a
vortex lattice across the fan face and along the
periphery of the fan.

GENERAL METHOD FOR DETERMINING THE AERODYNAMIC
CHARACTERISTICS OF FAN-IN-WING CONFIGURATIONS,
Volume II, Computer Program Description, G. R.
Hing; R. F. Gilbert; K. A. Sundstrom, The Boeing
Company, USAAVLABS TR-67-61A~Volume 2, December
1967.

Described a digital computer program developed to
study the aerodynamic characteristics of fan-in-
wing configurations. The program was written in
the Fortran IV and ascent languages for the control
data corporation 6000-series digital computers.
Three basic packages ware provided by the program:
a geometry package produced a detailed description
of the configuration, an aerodynamic package pro-
vided a theoretical solution for the potential flow
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I.5.1.14

(Continued)

about the configuration, and a boundary-layer pack-
age furnished the boundary-layer characteristics

on the wing surface. The report provided a des-
cription of the program, flow charts and segmenta-
tion structure diagrams, and input data formats.
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52 Flow Fields

H. E. Dickard, Ryan Aeronautical Co., San Diego,

California, in AGARD Aerodynamics of power plant

Installation, Part 2, October 1965, page 653-688.

This paper reviews fundamen“al preliminary design "
considerations involved in the integration of 'F
turbo-jet powared and past technology. The U. S.
Army's XV-5A 1li t-fan research vehicle is used as
a basis of reference for later and improved lift- {E
fan and jet engine technology. A lift-fan mechani- .
cal configuration is discussed briefly. Parameters

relating lift-fan static lift to the power output F:
of the turbojet engine in terms of gas horsepower =
and gas flow output are established. The effects :
of three higher energy turbojet cycles on these [‘
parameters are shown. Effects of the higher energy ‘
turbojet gas generator on the composite lift-fan

I.5.2,% LIFT-FAN V/STOL PROPULSION AND ATRFRAME INTEGRATION, [

propulsion system (engine, fans and gas transmission ']
ducting) are also discussed. A brief demonstration -
of the influence of a design pressure on propulsion .
weight and a structural weight trade-off is given {:

and relative increases in useful load due to the

more efficient propulsion system are also shown. »
The paper is concluded by presenting a spectrum Il
of tactical lift-fan aircraft configurations with '
speed capability up to Mach 2.0. [j

I.5+2:2 ANALYTIC AND EXPERIMENTAL STUDIES OF NORMAL INLETS,
WITH SPECIAL REFERENCE TO FAN-IN-WING VIOL POWER- ]
PLANTS. A - ANALYTIC INVESTIGATION, B - EXPER~- L
IMENTAL INVESTIGATION, U. W, Schaub and E. P. Cock-
shutt, International Council of the Aeronautical
Sciences Congress, 4th Paris, France, August 24-28,
Paper 64-572, 22 pages.

Examination of the flow of air into a normal inlet
by means of a simple mathematical model followed
by experimental investigation. The principle is
that of potential flow into a quasi-circular two-
dimensional bell mouth. Streamline maps and sur-
face velocities are presented for various bell
mouth radii and cross flow ratios, using conformal
transformation methods. It is demonstrated that
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I.5C2.3

(Continued)
the wall contour generated by this method has some
deficiencies, but that these are localized and do
not affect the flow field as a whole. In Part B,
the effects of cross-flow are examined expsri-
mentally, using a family of three simple inlets
and four different in-flow aids. Two inlets have
a circular-arc lip contour and have lip ratios of
9% and 25%. The third inlet is a asymmetrical lip.
The aids are: (1) a cambered closure plate, (2)
cascade of inlet shutters, (3) a trip fence, and
(4) a perforated wall used for boundary-layer suc-
tion. The inlet performance is analyzed on the
basis of surface pressure distributions at the
symmetry plane and on average total pressure loss.
All inlets except the shuttered one performed well
under static in-flow conditions. Under cross-flow
conditions all three basic inlets showed evidence
of strong adverse surface pressure gradients and
suffered severely from flow separation.

AERODYNAMICS OF POWER PLANT INSTALLATION, PART II.
AGARDOGRAPH-102-PART 2.

Contents: An investigation of splitter plates for
supersonic twin inlets; boundary-layer interaction
effects in intakes with particular reference to
those designed for dual subsonic and supersonic
performance; possibilities actuelles d'etude theo-
rique d'une tuyere supersonique a double-flux;
methods of measuring aerodynamic efficiency and
thrust vectors of engine exhaust systems; propul-
sion system integration in wings; a fully integ-
rated propulsion system for a supersonic transport
aircraft; jet VIOL power plant experience during
flight test of X~14A VIOL research vehicle; jet lift
intakes; techniques for the simulation of jet-lift
engines in wind-tunnel models of V/STOL aircraft;
acrodynamic interference 2ffects with jet lift
schemes on V/STOL aircraft at forward speeds; lift
fan V/STOL propulsion and airframe integration;
NASA research on the aerodynamics of jet VIOL engine
installations, experimental studies of VIOL fan-in-
waing inlets.
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105.2.4

I.5.2.5

AERODYNAMIC EFFECTS OF LIFT-JET AND LIFT-FAN INLETS
IN TRANSITION FLIGHT, W. E. Grahame, Journal of Air-
craft, Vvolume 6 No. 2, March-Arpil 1969, pages 150-
LS5

An investigation was conducted to determine the
torce and moment contribution of V/STOL, lift-jet
and lift-fan inlets in transition based on momentum
theory. A lift-jet or lift-fan inlet with its axis
perpendicular to the freestream developes strong
forces that contribute to positive pitching moments
at low forward speeds. The analysis was based on
the addition of freestream flow with the static-
induced flow at the inlet, which is represented by

a sink flow over a hemispherical control surface.
The results of the analysis, which provided total
inlet force, inlet 1lift, and drag force, as well

as inlet lip force and inlet pitching moment, agree
reasonably well with a limited amount of published
inlet test data. It was shown that the lift-fan
inlet develops significantly greater lift, drag and
moment than the lift-jet inlet at comparable thrust
and forward speed. Other comparisons were presented
which show the close agreement between inlet drag
and total incremental jet-induced drag developed by
lift fan-in-fuselage and lift fan-in-wing configura-
tions in transition flight.

EFFECTS OF THE AIR INTAKE OF A LIFTING ENGINE ON
THE AERODYNAMIC CHARACTERISTICS OF A WING, V. N.
Arnol'dov, A. F. Razkin, G. A. Pavlovets and A. A.
Savinov, NASA TT F-12, 708, October 1969.

Analysis of the aerodynamic forces and moments
developed as a result of engine inlet operation,
specifically fan-in-wing, found that the portion
of the total thrust on the external surface of the
inlet was developed on a small area near the inlet
and increased as the airlfow rate increased. An
additional moment and drag were developed on the
wing which increased with forward speed.
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Ground Effect

No prediction methods were
found in the literature search.
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1.5.4

I.5.4.1

Stability and Control

LIFT FAN PROPULSION SYSTEMS - V/STOL AIRCRAFT CON-
TROL, E. F. Beeler and L. J. Volk, Society of
Automotive Engineers, National Aeronautic and Space
Engineering and Manufacturing Meeting, Los Angeles,
California, October 4-8, 1965, Paper 650831, 21 pgs.
Discussion of aircraft control power requirements
provided by lift fan systems. Gas power transfer
is described and estimated performance presented.

A performance comparison is made between the thrust
spoiling system used in the present Army XV-5A
flight research vehicle and a gas power transfer
system. Fan power can provide adeguate aircraft
control forces.

See also 1.5.1.4 and 1.5.1.11.
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Handling Qualities and Criteria
No predicticn methods were found during the
literature search.
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{

Testing
No prediction methods were found during the

literature search.
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1.5.7

1.5.7.1

I.5.7.2

I.5.7.3

I1.5.7.4

General

THE LIFT FAN V/STOL CONCEPT FOR FUTURE APPLICATIONS,
ATAA Paper, J. M. Peterson

LIFT FAN DESIGN CONSIDERATIONS, E. F. Beeler and
Z. J. Przedpelski

ON THE EFFECT OF FAN AND THRUST ENGINE LOADING ON
THAE TRANSITION POWER REQUIREMENTS OF A FAN WING,
N. Gregory, Aeronautical Research Council, (ARC-
CP 690; supersedes NPL-AERO-1011, ARC-23712),
London, HMSO, 1963, 22 pages.

The ideal power requirements of a fan wing in
transition have been calculated, and the effects
are shown of varying the fan and thrust engine
areas relative to that of the wing, and of varying
the wing aspect ratio. Comparison with wing-tunnel
results confirms the presence of adverse jet-main-
stream interaction effects neglected in the cal-
culations.

SUGGESTED SPECIFICATION FOR A LIFT FAN PROPULSION
SYSTEM, W. B. Davis, May 1969.

The report presents propulsion system component
design regquirements believed to be necessary for
successful development of operational 1lift fan air-
craft. The work was done for the purpose of ident-
ifying lift fan airframe and propulsion system per-
formance and installation interfaces. The require-
mants presented in the report reflect experience
gained from the XV-5A lift fan aircraft flight test

program.
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I.6.1.1

I.6.1.2

I.6.1.3

I.6.1.4

I.6 TILT WING

Forces and Moments -

CALCULATION OF AERODYNAMIC FORCES ON PROPELLER
IN PITCH OR YAW, J.L. Crigler and J. Gilman,
NACA TN 2585.

REVISED CHARTS FOR THE DETERMINATION OF THE STATIC
AND TAKEOFF THRUST OF A PROPELLER, A. B. Haines
and P.B. Chater, ARC R&M 2358.

RECENT DEVELOPMENTS IN SIMPLIFYING AND IMPROVING
THE TILT WING DESIGN, C.B. Fay, Am. Helicopter
Society, Annual National Forum, 1964.

Discussion of the approach, techniques, and re-
sults of analyses and test programs used by the
Vertol Division of the Boeing Company to develop
and improve the basic tilt-wing design. Efforts
to extend the performance, maneuverability, and
control characteristics are discussed in addition
to the application of the technological develop-
ments to specific requirements. Results are said
to indicate that tilt-wing technolocy has arrived
at the stage of design and development where,
with a simple and efficient design, it is now
possible to meet specific military requirements.
Includes equations for estimating monocyclic
control forces.

FORCE AND MOMENT DERIVATIVES DUE TO PROPELLERS

OF ARBITRARY CONFIGURATION INCLINED WITH RESPECT
TO FREESTREAM, J. DeYoung, Am. Inst. of Aeron.

and Astron., General Aviation Aircraft Design and
Operations Meeting, Wichita, Kansas, May 25-27,
1964, Paper 64-169.

Ge "2ralization of existing small-incidence theory,
by 'ise of a propeller solidity based on average
blade chord. With this solidity simple expres-
sions, particularly suitable for obtaining rapid,
accurate predictions, are developed for propeller
normal (or side) force and for the principal deri-
vatives. In addition, an expression is derived
which indicates that the ratio of normal force at
high incidence to normal force slope at zero in-
flow equals the tangent of the angle of incidence
provided both quantities have equal advance ratios

.as determined framthe velocity normal to the pro-

peller disk. The variations of thrust, torque,
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I1.6.1.5

II1.6.1.6

(continued)

and power at high incidence are presented as
ratios to the zero incidence value. These ratios
are approximately proportional to the square of
the tangent of the angle of inclination. Except
for a small dependence on solidity, these ratios
are independent of propeller geometry.

PROPELLER AT HIGH INCIDENCE, J. DeYoung, Journal
of Aircraft, Vol.2 No.3, May-june 1965.

Existing small-incidence theory was generalized by
use of a propeller solidity based on an average
blade chord. With this solidity simple expres-
sions were developed for sixteen possible deriva-
tives such as propeller normal (or side) force.

In addition, an expression was derived which in-
dicated that the ratio of normal force at high
incidence to normal force slope at zero inflow
equals the tangent of the angle of incidence,
provided that both quantities have equal advance
ratios as determined from the velocity normal

to the propeller disk. Thrust, torque, and power
at high incidence were likewise derived as ratios
to the zero incidence value. Except for a small
dependence or solidity, these ratios were inde-
pendent of propeller geometry. Fan correlation

is shown with experimental thrust and power ratios
to an incidence of 85°.

A METHOD OF ANALYSIS FOR PROPELLERS AT EXTREME
ANGLES OF ATTACK, G.F.Hall, Journal of Aircraft,
Vol.6é No.l, January-February 1969.

The method developed analyzes the propeller at
extreme angles of attack by considerations on a
simplified model of the wake similar to the classi-
cal Prandtl model for axial flight. The analysis
conssits of determining a "tip loss"factor for
the propeller at an angle of attack. This tip-
loss factor is, like Prandtl's, a function of the
number of blades, non-dimensional propeller radius,
and wake helix geometry; but a dependence on wake
skew angle is also observed. The solution is
obtained numerically on an IBM 7074 digi%al
computer. A method of solution to the "direct
problem" in propeller aerodynamics utilizing this
tip-loss factor is suggested. Thrust and power
requirements for an existing propeller are deter-
mined and compared with experimental values.
Thrust and power requirements for an existing
propeller are determined and compared with
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1I1.6.1.7

(continued)

experimental values. Reasonable agreement be-
tween theory and equipment is obtained within a
practical range of angle of attack a, and the
parameter p (i.e., tip-speed ratio) cos a. How-
ever, thrust and power are generally under pre-
dicted at lot values of p cos o for all angles
of attack. Major sources of error are believed
due to the relatively simple mathematical model
and inaccurate airfoil data in the regions of
blade section stall and reverse flow.

INVESTIGATION OF THE DOWNWASH ENVIRONMENTAL GENE-
RATED BY V/STOL AIRCRAFT OPERAING IN GROUND

EFFECT, M. George, F. Kisielowski and D.S. Douglas

USAAVTLABS Technical Report 68-52, July 1968.
Analytical methods were developed for determining
the downwash environment generated by multi-
propeller V/STOL aircraft operating in ground
effect. These methods were used to compute flow
fields and dust cloud characteristics for the XC-
142, X22A, X-19A, and XV-5A. It was determined
that additional full-scale test data are required
to verify the theory.

See also Section I.2
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I.6.2
I.6.2.1

I.6.2.2

Flow Fields -

LINEARIZED POTENTIAL THEORY OF PROPELLER INDUC-
TION IN A COMPRESSIBLE FLOW, R.E. Davidson, NACA
TN 2983, September 1953.

The potential-theory representation of the wave-
equation flow about a lifting-line propeller of
finite number of blades and arbitrary circulation
distribution is given. From the velocity poten-
tial, the compressible inflow velocities at the
blade became known. The induced velocities are
known also at any point in the flow because the
velocity potential is determined for the whole
field.

A COMPREHENSIVE REVIFW OF V/STOL DOWNWASH IMPINGE-
MENT WITH EMPHASIS ON WIND INDUCED RECIRCULATION,
P.J. Unit, Air Force Institute of Technology
Thesis, GAM/AE/69-9, March 1969.

A summary of the work done in the previous decade
on downwash impingement was given. The direct jet
lift and rotor downwash fields were described.
Recirculation causes, mechanism, and operational
problems were discussed. A bibliography was in-
cluded. The recirculation problem was not solved.

See also Section I.2
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I.6.3

Ground Effect -

SEO 10202-1’ 1-60107 and 106\202
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106.4
I.6,4.1

I.6.4.2

Stability and Control

CALCULATION OF THE DYNAMIC LONGITUDINAL STABILITY
OF A TILT-WING V/STOL AIRCRAFT AND CORRELATION
WITH MODEL FLIGHT TESTS,J.R. Chambers and S.B.
Grafton, NASA TN D-4344, February 1968.
Calculations were made for the initial condition
of steady level flight at wing incidences corres-
ponding to speeds ranging from hovering to con-
ventional forward flight. The results were
compared with qualitative measurements of dynamic
stability obtained during free-flight tests of a
1/9-scale model. (linear and small perturbation)

ESTIMATED FLYING QUALITIES OF THE KAMAN K-16B
VTOL/STOL AIRCRAFT, PART II, DYNAMIC STABILITY

IN TRANSITIONAL FLIGHT, J. 2on, N. Giansante, J.E.
Fitzpatrick, November 1959.

See also, I.2.1.5, .12, .15, I.2.4.1], I.6.1.3 and
I1.6.4.8
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I.6.5
I.G.s.l

I.6.5.2

I.6'5.3

Handling Qualities and Criteria -

ESTIMATION OF MINIMUM FIELD REQUIREMENTS OF TWO
OVERLOADED, PROPELLER-DRIVEN, TILT-WING VTOL
AIRCRAFT (INCLUDING THE EFFECTS OF FLAP SETTING,
RUNWAY SURFACE, WIND, WING TILT RATE AND FLAP
BOUNDARY LAYER CONTROL), NRC LR-373 National
Research Council, Canada, National Aeronautical
Establishment, January 1963.

Minimum takeoff and landing distances are calcu-
lated for two overloaded, propeller-driven,
tilt-wing VTOL aircraft. The boundary layer
control are considered at various thrust-to-weight
ratios. It appears that takeoff to and landing
from a 50-foot obstacle can be achieved in 400
feet at an all-up-weight 60 percent greater than
the VTO all-up-weight.

THE AERODYNAMIC APPROACH TO IMPROVED FLYING QUALI-
TIES OF TILT-WING AIRCRAFT, J.F. Martin and O.E.
Michaelsen, AIAA, Canadian Aero and Space Inst.

and Royal Aeron. Society Anglo-American Conference,
October 16-18, 1963.

Examination of aerodynamic and control system prob-
lems associated with tilt-wing V/STOL aircraft in
hovering and transition. Among the areas dis-
cussed is longitudinal flight, in terms of the
control of flow separation up to high angles of
attack, the minimization of out of trim pitching
moment, and the provision of an adequate and satis-
factory control system.

A SIMULATOR STUDY OF TILT-WING HANDLING QUALITIES,
Harry T. Breul, Grumman Aircraft Eng. Corp.,
March 1963.

An experimental investigation was performed to
study handling qualities of tilt-wing type VTOL
aircraft. A flight simulator consisting of a
cockpit free to pitch and roll, and on optical
motion in the remaining 4 degrees of freedom was
employed in this program. Control sensitivity
and rate damping requirements about each axis

at hover weie investigated relative to the per-
formance of manuevering tasks that require, in
general, more positive control applications

than trimming and more finely coordinated multi-
ple control utilization than single degree of
freedom move and stop maneuvers. That handling
qualities requirements depend upon the maneuver
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I.6.5.3

(continued)

in later sophistication is clearly suggested by
comparing the results of present study and pub-
lished NASA data representing the extremes in
time characteristics, as well as control aerody-
namic rate, and gyroscopic coupling effects

were also investigated at hover. The results of
the control response-time variations are most in-
teresting, for they suggest that the criterion
upon which present helicopter specifications are
based (i.e. time to reach proper direction of
acceleration) is inadequate.

See also, I.6.4.2
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I.6.6 Testing -

I.6.6.1 WIND TUNNEL TEST CONSIDERATIONS UNIQUE TO V/STOL
AIRCRAFT, E.L. Black, SAE Paper 680303.
Test experience with models of XC-142 airplane
in a variety of wind tunnels and the Princeton

University track facility led to a number of
conclusions relative (but not restricted) to

the testing of tilt-wing V/STOL aircraft.

conclusions include:

(1)
(ii)

(iii)

(iv)

Model weight should be minimized

Accurate determination of propulsion
system characteristics requires super-
ior instrumentation

Classical wall effect corrections are
inadequate at high lift and there are
conditions (at high iift) where the
tunnel flow degenerates to a flow that
does not correspond to any "free air"
condition

It is very difficult to measure the
working section dynamic pressure
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I.6.7
I.6.7.1

General -

IAS Preprint

EXAMINATION OF SOMF OF THE PROBLFMS INVOLVED IN
THE DFSIGN OF PROPELLER-DRIVEN VERTICAL TAKEOFF
TRANSPORT AIRPLANES, M.0O. McKinney et al.

See also I.6.5.2 and 1.2.7.3
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I.7.1
I.7.1.1

I.7.l.2

I.7.1.3

I.7.1.‘

I.7 JET LIFT

Forces and Moments

THE STATIC PRESSURE DISTRIBUTION AROUND A
CIRCULAR JET EXHAUSTING NORMALLY FROM A PLANE
WALL INTO AN AIRSTREAM, L.J.S.Bradbury and M.N.
Wood, CP 822, 1965.

TRANSVERSE JET EXPERIMENTS AND THEORIES - A SURVEY
OF THE LITERATURE, D.J. Spring, T.A. Street,
J.L. Amick, June 1967.

This report is a survey and review of the wecrk
that has been done concerning the use of trans-
verse jets as a control device. Comparisons are
made within the report of theories available to
predict forces and moments. Tables of the ex-
perimental data for flat plates, bodies of re-
volution, and theories have been constructed for
further clarification of the material within the
report.

ANALYSIS OF A JET IN A SUBSONIC GROSSWIND, NASA
SP 218, September 1969. Papers presented at a
symposium held at Langley Research Center,
September 9-10, 1969.

PRESSURE DISTRIBUTION ON A RECTANGULAR WING WITH
A JET EXHAUSTING NORMALLY INTO AN AIRSTREAM, P.T.
Wooler, G.H. Burghart and J.T. Gallagher, Journal
of Aircraft, Vol.4 No.6, November-December 1967.
The interaction between a jet exhausting normally
from a lifting surface into a uniform airstream
was explored theoretically and experimentally. A
theoretical model of the flow was discussed in
which the entrainment of the mainstream fluid by
the jet is accounted for. Making use of the ob-
servation that the jet deforms from a circular
cross section into an elliptical cross section as
it progresses downstream, the continuity and
momentum equations are solved to provide the jet
path. The velocity field induced by the jet is
then determined by raplacing the jet by a sink-
doublet distribution. The distribution of sinks
represents the entrainment effect of the jet,

and the doublet distribution represents the
blockage effect cf thejet. Lifting surface theory
is used to predict the loading on the adjacent
lifting surface. There is good agreement between
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I.7.1.4

(continued)
theory and the results of an experiment conducted
on a 10% thick straight wing at AR=3.

See also I.5.1.3 and .11
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107.2

I.7.2.1

I.7.2.2

I.7.2.3

Flow Fields -

ANALYSIS OF THE FLOW FIELD OF A JET IN A SUBSONIC
CROSSWIND, R.J. Margason, SP-228 NASA.

Uses a vortex lattice model to represent jet sur-
face. Describes Llockage due to jet, separation
of free stream, roll up of jet into two discrete
vortices and entrainment of free stream by jet.
Describes two methods of calculating pressure dis-
tribution on flat plate situated at jet exit and
shows comparison with a small amount of test data.
Notes lack of systematic experimental data for
comparison.

PROBLEMS OF AIR INTAKES IN VERTICAL TAKEOFF AIR-
CRAFT WITH JL-ENGINES (DIE PROELEME DER LUFTEIN
LAUFE BEI SFENKRECHTSTARTFLUGZEUGEN MIT TL-
TRIEBWERKEN) , H. Langfelder, Entwicklungering

Sud. Munich, September 1963. (EWR-88-63).

For both lifting engines and lift-cruise engines
the air intake of vertical takeoff aircraft must
satisfy special demands, since extreme operating
conditions arise during takeoff and landing. The
lifting engine intakes of the VJ10lC are described,
and their performance is illustrated by means of
wind-tunnel measurements. 2Also, the interference
effect of the exhaust jets at the starting of the
engine during flight is discussed in connection
with the intake pressure recovery. The intake of
the pivoting nacelle nf the VJ10lC in the slow
flying range, partic.. .rly at large angles-of
attack, has an additional auxiliary slit which
supplies the engine with sufficient air. A survey
is given of the amount of developmental work con-
ducted on the air intake of th VJ101lC as an esti-
mate of the even greater work expenditure required
for vertical takeoff aircraft.

VISCOUS AND FORWARD SPEED EFFECTS ON UNBALANCED
JETS IN GROUND PROXIMITY, C.C. Hsu, Hydronautics,
Inc., Laurel, Md., Ft. Fustis, Va., Army Trans-
portation Res. command, Octohar 1963, (TRFCOM-TR

63-60; Techn, Report . @ ° 42€178).

A previous report pres theory which in-
cluded the ¢ ffects of v ity on a two-dimen-
sional wall i2t. The the was found to be ade-

quate for the nhovering mods. This report extends
the theory to include i 8 ¢a%us ©£f forward velo-
city and small ang¥'ar &% solac"ements in hover.
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I.7.2.8

ANALYSIS OF A JET IN A SUBSONIC CROSSWIND,
A symposium held at Langley Research Center,
Hampton, Va., NASA SP-218, September 9-10, 1969.

THE PATH OF A JET DIRECTED AT LARGE ANGLES TO A
SUBSONIC FREE STREAM, R. J. Margason, NASA TN D-
4619, November 1968.

RESEARCH ON THE GROUND EFFECT OF JET LIFT V/STOL
AIRPLANES, Flugszeugen-Literaturbericht -
E. Schwantes, DLR Mitt 68-28, December 1968.

A CONTRIBUTION TO THE DESIGN OF INLETS FOR LIFTING
ENGINES, (Beitrag zur Gestaltung Von Einlaufen
Fuer Hubtriebwerke), J. Barche, April 1968.

A method is proposed for the calculation of inlets
of lifting engines. This method is based on the
determination of plane constant pressure contours
which are determined by means of hodograph mapping
and extended to the three-dimensional inlet by a
simple interpolation formula. Experiments have
shown that such inlets are absolutely practicable.

EXPERIMENTAL AND ANALYTICAL INVESTIGATIONS OF JETS
EXHAUSTING INTO A DEFLECTING STREAM, D.K. Mosher,
J.C. Wu, M.A. Wright, Georgia Institute of Tech-
nology, Atlanta, 1969 (Also J. Aircraft Vol.7, NO.
1, January-February 1970)

A circular jet issuing normally from an infinite
flat plate into a deflecting stream is treated by
the use of a potential flow model which represents
the flow field surrounding the jet, exclusive of
the wake. The results indicate that the entrain-
ment of deflecting-stream fluid into the jet is
important in determining the plate pressure and
that, for the case where the jet speed is much
higher than the deflecting-stream speed, it is
possible to use a two-dimensional representation.
The calculated plate pressure distribution is
compared with results of experiments. Experiment-
al results (flow visualization, plate pressure,
and velocity measurements) are presented for
circular as well as non-circular jets exhausting
at various jet velocities from a large flat plate.
Results indicate that a stream-wise jet exit con-
figuration is desirable.

95



I.7.2.9

I.7.2.10

10702.11

A REVIEW OF JET EFFLUX STUDIES APPLICABLE TO
V/STOL AIRCRAFT, J.E. Garner, AEDC TR 67-163,
September 1967.

The state-of-the-art of jets exhausting into a
subsonic crossflow is presented. These studies
complement the current research effort in develop-
ment of an analytical description of the flow
field created by a V/STOL aircraft.

SIMULATION OF JET ENTRAINMENT IN A POTENTIAL
FIELD, R.J. Schulz, AEDC TR-67-217, November 1967.
The purpose of this report is to establish an
analytical method of simulating a three-dimen-
sional, entraining jet which exhausts into a low
velocity cross wind from a finite planar surface,
so that the surrounding flow field may be calcu-
lated. The jet is simulated by a square cylinder
constructed from a lattice network of bound horse-
shoe vortices. The entrainment simulation is
accomplished by establishing a set of boundary
conditions for the vortices which result in a
desired inflow rate normal to the square cylinder
defining the jet. Results are presented which
show the effect of entrainment on the surrounding
potential flow field. The conclusion is drawn that
this method could be a powerful tool with which to
obtain the potential flow field about V/STOL con-
figurations. The method cannot simulate the
viscous effects of the jet on the surrounding flow
field other than entrainment.

THEORETICAL AND EXPERIMENTAL STUDIES OF IMPINGING
UNIFORM JETS, W.G. Brady and G.R. Ludwig, Cornell
Aeronautical Laboratory, BB-1657-S1 TRECOM TR63-11
April 1963.

A theoretical and experimental study was conducted
to investigate the flow characteristics of circu-
lar uniform jets impinging normally on a ground
plane in order to further the understanding of the
aerodynamic processes associated with ground
particle entrainment in the impinging downwash of
VTOL aircraft. Particular emphasis was placed on
the flow properties in the ground-plane boundary
layer where entrainment occurs.
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I.7.2.12

I.7.2.13

I.7.2.14

AERODYNAMIC INTERFERENCE EFFECTS WITH JuT--LIFT
SCHEMES ON V/STOL AIRCRAFT AT FORWARD SPLED,

J. Williams and M.N. Wood, Aerodynamics of Power
Plant Installation, AGARDograph, 1965.

The nature and magnitude of aerodynamic inter-
ference effects which can arise with et and fan
lift schemes for V/STOL aircraft were considered,
particularly as regards possible adverse flows
induced around the airframe by the jet (or fan)
efflux during aircraft transition to and from
purely wing-borne flight. The discussion was
based mainly on aerodynamic research at R.A.E.
and concentrates on the understanding and analy-
sis for major features, rather than on optimiza-
tion of specific aircraft layouts. The paper is
primarily VTOL oriented.

AERODYNAMIC INTERFERENCE FFFECTS WITH JET-LIFT
V/STOL AIRCRAFT UNDER STATIC AND FORWARD SPEED
CONDITIONS, J. Williams, M. Wood, Royal Aircraft
Establishment, Report No. RAE-TR-66403,

December 1966.

The nature and magnitude of aerodynamic inter-
ference effects which can arise with jet and fan-
lift schemes for V/STOL aircraft were considered.
Particular attention was paid to adverse flows
which can be induced around the airframe by the
jet (or fan) efflux during VTOL operation near
ground and during aircraft transition to and from
purely wing-borne flight. The discussion con-
centrated on the understanding and analysis of
major aerodynamic features with illustrations
mainly from R.A.E. Research Work.

THE DEVELOPMENT OF INJECTCR UNITS FOR JET-LIFT
ENGINE SIMULATION ON LOW-SPFFD-TUNNEL MODFLS,

M. Wood and J.B. Howard, February 1965.

Discussed ejector units for engine simulation.
Concluded that the absolute minimum requirements
for engine simulation at model scale were: (1)
scaled exit geometry; (2) correct exit momentum
coefficient; (3) correct intake location (but not
necessarily exact representation of intake geo-
metry); (4) correct intake mass-flow coefficient.
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1.7.2.15

I.7.2.16

SURVEY OF THE GROUND EFFECT ON V,/STOL AIRCRAFT
WITH JET PROPULSION=-REPORT OF LITERATURE, E.
Schwantes, NASA TT F-12, 73, October 1969.

A tabular survey was presented of the results of
132 reports on the grounc effects with jet 1lift
V/STOL aircraft. The rec¢ion of the deflected jet
investigated was described and the test conditions
compared.

INVESTIGATION OF THE DOWNWALH EWNVIRONMRINTAL
GENERATED BY V/STOL AIRCRAFT CPERATING IN GROUND
EFFECT, M. George, F. Kisielowski, and D.S. Douglas,
USAAVLABS Technical Report 68-52, July 1968.
Analytical methods were developed for determining
the downwash environment generated by multi-
propeller V/STOL aircraft operating in ground effect.
These methods were used to compute flow fields and
dust cloud characteristics for the XC-142, X-22A,
X-19A, and XV-5A. It was determined that
additional full-scale test data are required to
verify the theory.

See also, I1.7.1].1, .2, .3, .4, .5, .6, .7 and
I.5.2.3.4.

98

PE—] -emmt | p o=t ] = |

[O—

7

P |

fromend

A— &4 |

‘—-IL—-J

f | S— | S

!




.S

I.7.3

Ground Effect

See also, I.7.1.3, I1.7.2.6, 1.7.2.12 and I.7.2.18,

I.7.2.19.
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I.7.4

Stability and Control

See I.7.1.3 and I.5.1.11.
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1.7.5

I.745

Handling Qualities and Criteria

EFFECT OF SIZE ON VTOL AIRCRAFT HOVER AND LOW
SPEED HANDLING QUALITIES, J. F. Johnston and

C. F. Friend, New York, American Helicopter
Society, Inc., 1965, p. 1-133 to 1-150.

A fundamental investigation of the effect of size
on VTOL aircraft hover and low-speed handling
qualities is presented. Both Lelicopter and jet
VTOL are treated. Formulas for determination of
size effects (with size referred to a characteris-
tic linear dimension) on VTOL vehicle handling
qualities capabilities are developed through
dimensional analyses. Hypotheses are drawn re-
garding effect of size on pilot-vehicle compati-
bility. Some of these pertinent handling quality
capability size relationships for similar VTOL
vehicles are summarized as follows. Similar

VTOL vehicles are defined as those geometrically
similar configurations with constant total thrust/
weight., The thrust/weight available for control
of jet VTOL vehicles is also considered to be
invariant with size. Although thrust/weight can
be varied with size, this would effect changes in
vehicle performance and weight, with aircraft
having revised constants of proportionality
effecting basic trends only slightly. Capability
is defined as the inherent flight handling
ability of the vehicle without regard to whether
such capabilities are consistent with flight
handling requirements.
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I.7.6.2

Testing

SOME NOTES ON UNITED KINGDOM EXPERIENCE IN THE
TESTING OF VTOL AIRCRAFT, R.T. Shield, AGARD
Report 318, April 1961.

Experience to date in the flight testing of VTOL
aircraft in the United Kingdom is reviewed.
Methods employed in the testing of three aircraft,
the Rolls-Roy & “F ying Bedstead", Short SC.1,

and H#wwer P. are considered.

JET V/ai0L _LiRCRAFT ACRODYNAMICS, by M. N. Wood.

See #lm0 1.7.2.17.
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1.7.7

I1.7.7.1

I.7.7.2

General

EFFECTS OF AIRFRAME AND POWERPLANT CONFIGURATION
ON V/STOL PERFORMANCE, R.F. Creasey, N.W. Boorer,
R. Dickson, AGARD, in AGARDgraph 89 "V/STOL Air-
craft", Part I, Sept. 1964, 185-221p.

This paper discusses the large range of layouts
that have been studied in relation to both

strike and transport V/STOL requirements. The
effects on performance of different powerplant
arrangements are presented, taking account of the
structural and aerodynamic effects on the airframe,
which have been brought out by extensive design
studies. The effects of changes in wing planform
are shown, including the advantages of variable
sweep wings, particularly for supersonic STOL
designs or where overloading of a supersonic VTOL
design is a frequent operational necessity. The
complex interactions between the powerplant air-
flows and the normal lifting effects of the air-
frame have a considerable effect on performance
and are therefore being studied extensively in
the British Aircraft Corporation V/STOL test
facility. Typical results are presented for a
variety of airframe/powerplant combinations. The
inevitable performance penalty of VTOL is dis-
cussed, leading to the concept of a freighter/
platform VIOL aircraft supporting a sirike aircraft,
which therefore does not suffer the built-in VTOL
penalty.

LIFT-JET TECHNOLOGY, L.P. Greene and W.E. Cotter
Astron. and Aeron. Vol. 3, September 1965, p. 42-45.
Integration of powerplants and airframe to obtain
good thrust-to-weight ratio. Comparative safety of
operation And system cost effectiveness are consid-
ered to be still subject to evaluation. Some lift
technology problems encountered in the attempt to
develop practical air vehicles are examined, and
recent advances in knowledge of aerodynamic
phenomena are required. The lift-jet systems dis-
cussed are restricted to dis). loadings greater than
200 lb/ft2. Two areas of importance stand out
because they directly effect the effective thrust-
to-weight ratio: interference effects, specifically
as seen in powerplant/airframe integration, and the
secondary benefits arising from an effective solu-
tion of this integration problem in terms of re-
duced system weights, landing gear, and structural
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1.7.7.2

(continued)

simplicity. It is said that significant gains can
be made in these areas without basic propulsion
improvements.
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I.8.l
I.8.1.1

I.8.1.2

I.8.1.3

I.8.l.4

I.8 GENERAL

Forces and Moments

ON THE LIFT AND INDUCED DRAG ASSOCIATED WITH LARGE
DOWNWASH ANGLES, H.S. Ribner, UTIA TN No. 19,
January 1958.

The 1lift and induced drag have been evaluated for
an arbitrary wing-wake vortex pattern, with large
downwash, via a momentum balance. The entire
induction effect of the wake is found to be repre-
sentable as a "generalized induced drag" vector
parallel to the asymptotic trailing vortex direc-
tion. The vertical component of this drag consti-
tutes a nonlinear contribution to lift. A possible
similar behaviour of the parasite drag is indicated.
The Jones low aspect ratio wing theory has been
reformulated to apply to large angles of attack.

WING LIFT AUGMENTATION METHODS FOR THE IMPROVEMEN-'
OF THE LOW SPLED PERFORMANCLE OF HIGH SPEED AIRCRAF.,
J.S. Attinello, SAE Preprint.

SUMMARY OF WIND TUNNEL DATA FOR HIGH-LIFT DEVICES
ON SWEPT WINGS, H.O. Palme, SAAB Technical HNote 16
(April 1953, published 1954).

Based on a recapitulation of the known aerodynamic
characteristics of profiles with high-1ift devices
a mainly statistical analysis is made of these
devices on swept-back wings. It is shown that
large aspect ratio variations have very little
effect on the effectiveness of the devices. The
influence of sweepback, and of the span of the
device, is on the other hand large. An approximate
method for calculating the lift at a given angle
of attack for wings with flaps is given.

METHOD FOR CALCULATING LIFT DISTRIBUTIONS FOR
UNSWEPT WINGS WITH FLAPS OR AILERONS BY USE OF
NONLINEAR SECTION LIFT DATA, J.C. Sivells and G.C.
Westrick, NACA Report 1090, 1952.

A method is presented for calculating lift distri-
butions for unswept wings with flaps or ailerons
using nonlinear section lift data. This method is
based upon lifting line theory and is an extension
to the method described in HACA Report 865. Sim-
plified computing forms containing detailed
examples are given for both symmetrical and
asymmetrical lift distributions. A few comparisons
of experimental and calculated characteristics are
also presented.

105



I.8.1.5

I1.8.1.6

I.8.1.7

MAXIMUM LIFT FOR LANDING OF SWEPT WING AEROPLANES,
H.O. Palme, SAAB Technical Note 17 (April 1953,
published 1954).

Based on experiences gained in flight tests of
swept-wing aeroplanes, a discussion is made of
possible methods for determining from wind ‘tunnel
tests the maximum obtainable lift coefficient for
landing. This is found to be difficult since the
dynamic effects experienced in actual flight are
not present in tne wind tunnel; however, an
approximate calculation of obtainable lift for
landing is carried through for swept-wing aero-
planes with various wing plan forms. In
connection with this, various methods for preven-
tion of tip stall are discussed.

MODULATED THRUST TO IMPROVE STOL AIRCRAFT PERFOR-
MANCE (A FLIGHT TEST EVALUATION), G.W. Johnston,
AGARD, in AGARDograph 89 "V/STOL Aircraft", Part

I, September 1964, 419-448,

Direct improvements result from the combined section
of the deflected sl . pstream and reverse jet combin-
ation including the <mportant interference effects
possipble with certaia aircraft layouts. Achievable
improvements based on model and full-scale measure-
ments are given. Indirect operational improvements
are associated with the provision of an additional
powerful landing control, which complements normal
elevator control. The scope of such improvements

is indicated clearly from the results of the landing
trials performed with the experimental aircraft.
These results are also reviewed. The integration

of tnis concept with the lift augmentation obtained
by means of flap boundary layexr control and the
existence orf inherent limitations at increased
values of auxiliary thrust-to-weight ratios are
briefly discussed. The ' st aircraft, employing
slipstream deflection wit. in-flight reverse

thrust, consistently attai..s total landing distances
from 50 ft. or less than 500 ft. ir standard atmos-
phere at a wing loading of 23 lb/ft2. This compares
with a performance level of approximately 1,000 ft.
in the unmodified configuration at the same wing
loading.

METHODS OF PRODUCING HIGH LIFT (METHODEN VOOR
DRAGGKRACHTVERGROTING), A.C. deKock, J. Yif and

J.A. Zaat, National Lucht-en Rutmtevaartlaboratoriuvm,
NLL-IF, 210, 47p.
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I.8.1.7

I.8.1.8

II8. 1.9

I.8.1.10

{continued)

A literature survey of high lift aids which can be
used for reducing takeoff and landing distances is
given. Consecutively the various means <for
obtaining high lift, such as profile geometry,
flaps and slats, suction and blowing, supercircu-
lation, deflected slipstream and tilted wing and
propellers, are treated. An extensive biblio-
graphy of recent publicaticns is included and
arranged to subject.

A THEORLTICAL INVESTIGATION OF VORTEX-SHEET DE-
FORMATION BEHIND A HIGHLY LOCADED WING AND I1S
EFFECT OJ4 LIFT, C.D. Cone, Jr. Report No. NASA-TN-
D-657, April 1961.

The induced drag polar is developed for wings cap-
able of attaining extremely high loadings while

possessing an elliptical distribution of circulation.

This development is accomplished through a
theoretical investigation of the vortex wake
deformation process and tiie deduction of the airfoil
forces from the impulse and kinetic energy contents
of the ultimate wake form. The investigation shows
that the induced velocities of the wake limit the
maximum lift coefficient to a value of 1.94 times
the wing aspect ratio, for aspect ratios equal

to or less than 6.5, and that the section proper-
ties of the airfoil limit the lift coefficient to
12.6 for aspect ratios greater than 6.5. Relations
are developed for the rate of deformation of the
vortex wake. It is also shown that linear wing
tneory is applicable up to lift coefficients

equal to 1.1 times the aspect ratio.

WEW RLESULTS IN INFLUENCING LIFT OF WINGS, Report
No. ES083, A. Betz, September 1952.

THRUST AUGMENTATION CONSIDERATIONS FOR STOL AND
EXTENDED CRUISE PROPULSION, W.S. Campbell,
Aerospace Research Labs, WPAFB, ARL-69-0182,
November 1969.

The application of thrust augmentation concepts to
short takeoff and landing (STOL) aircraft propul-
sion is described for some typical installations.
Aerodynamic and ejector thrust effects are treated
separately so that the performance of the ejector-
powered wing can be calculated as that of a jet-
flapped airfoil and the ejector thrust components
then added. Some considerations on the performance
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I.8.1.10

I.8.1.11

I.8.1.12

I.8.1.13

I.8.1.14

(continued)
of the ejectuor-powered wing in cruise are included.
A program for ejector calculations is given.

THE THEORY OF THE HIGHLY LOADED FINITE SPAN WING,
H.B. Helmbold, Fairchild Aircraft Report RR-35,
September 1956.

For wings with high C;, (of the order of 4r) Helm-
bold indicates that the undeformed wake assumption
of Prandtl's lifting line theory is violated.
Relationship between CL and Cp; is developed which

degenerates to CD = Cp, /nA for the case of van-
ishingly small downwash

LIMITATIONS OF CIRCULATION LIFT, H.E. Helmbold,
JAS, Vol. 24, No. 3, 1957.

The author deals theoretically with the limitations
of circulation lift based on the following consid-
erations. With a spanwise elliptic distribution
of circulation, the trailing-vortex system far
downstream of the wing will move 1like a rigid
flat strip, provided that its cross section is
hypothetically endowed with the ability to

resist the deforming stress of the pressure field.
If now the cross-sectional rigidity is instautan-
eously destroyed and the sheet is left free to
Yield tc the deforming stresses of the pressure
field, the sheet will start rolling itself in from
its side edges.

A FURTHER DISCUSSION OF THE LIMITING CIRCULATORY
LIFT OF A FINITE~-SPAN WING, F.J. Davenport,

J. Aero/Space Sc., Vol. 27, No. 12, December 1960.
The jet flap's ability to generate extremely large

circulation 1lift coefficients has led to the explora-

tion of limitations to circulation 1lift inherent
in tne nature of the finite-span vortex systen,
which are discussed here.

FURTHER COMMENTS ON 'LIMITING CIRCULATORY LIFT OF
A WING OF FINITE ASPECT RATIO'. H.S. Ribner,

J. Aero/Space Sc., Vol. 27, No. 6, June 1960.

In this brief note is pointed out that for the case
where the wake rolls up into a vortex pair, the
limiting circulatory L1lift is higher than for the
case of a planar ultimate wake.
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" I IMITING CIRCULATORY LIFT OF A WING OF FINITE
~_T RATIO, B.W. McCormick, J. Aero Sp. Sc.,

Vi 26, No. 4, April 1959.

Anaiytical study which shows that the maximum lift

(f a finite wing due to circulation, produced by

any means whatever (suction boundary-layer control,
blowing boundary-layer control jet-flaps, ordinary
flaps) increases linearly with increasing aspect
ratio.
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I.8.2.3

1.8.2.4

I.8.2.5

Flow Fields

SOME EFFECTS OF SHED VORTICES ON THE FLOW FIELDS
AROUND STABILIZING TAIL SURFACES, R.W. Stone and
E.C. Polhamus, AGARD Report 108, April-May 1957.

A brief study is made of the effects of vortices
shed primarily from bodies on the flow angularities
in the regions of stabilizing tail surfaces.

A POTENTIAL FLOW MODEL FOR THE FLOW ABOUT A NACELLE
WITH JET, A.H. Craven, C. of A. Report No. 101l.

The inviscid incompressible flow round a thin
nacelle from which a jet is issuing is considered.
It is shown that the inhomogeneous motion can be
trans-formed into an equivalent homogeneous motion
which may be represented by two semi-infinite
distributions of vortices in the two-dimensional
case and by a semi-infinite distribution of ~ircu-
lar vortex rings in the axi-symmetric case.

CONTRIBUTION A L'ETUDE DE L'EFFET DE PARIO EN
ECOULEMENT PLAN INCOMPRESSIBLE, J. Barbieux, Pub.
Sc. et Tech. No. 304, 1955.

.PREDICTION OF DOWNWASH BEHIND SWEPT-WING AIRPLANES

AT SUBSONIC SPEED, J. DeYoung and W.H. Barling,

NACA TN 3346, January 1955.

The numerical integration method presented enables

a rapid prediction of downwash. The principal
effects of the rolling-up of the wake are treated

as corrections to the flat-sheet wake. A simple
approximate correction for the effect of the fuselage
is applied. Computing forms and charts of pertinent
functions are included. Agreement with available
experimental data is good.

POTENTIAL FLOW SOLUTIONS FOR INLETS OF VTOL LIFT
FANS AND ENGINES, N.O. Stodeman, NASA SP-228.
Incompressible potential flow method for calculating
surface velocity distribution at engine inlets in
static and cross flow conditions.

Based on Douglas' incompressible potential flow
computer program for axi-symmetric bodies re-
presented by sources and sinks. Integral equation
for source distribution is approximated by a set
of alygyebraic equations at points on the body and
solved by matrix method.
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I.8.2.5

I.8.2.6

I.8.2.7

I.8.2.8

(continued)

Includes comparison with some test data. Doubtful
accuracy for non-axi-symmetric case like fan-in-
wing.

THRUST DEFLECTION BY MEANS OF SPOILERS FOR DUAL-FLOW
ENGINES (STRAHLABLENKUNG AN ZWEIKREISTRIEBWERKEN
DURCH SPOILER), W. Seibold, (WGLR) October 12, 1962.
Theoretical and experimental investigation of the
effectiveness of solid and pneumatic spoilers in
deflecting the thrust of bypass engines, with parti-
cular reference to lifting thrust at takeoff
analytical results for perpendicular spoilers in
plane flow, 45°-spoilers in plane flow, air-cooled
vertical spoilers, and thrust deflection by lateral
blowing are presented in the form of diagrams.

The effectiveness of thrust deflection is examined
as a function of engine design and mode of operation.

VISCOUS AND FORWARD SPEED EFFECTS ON UNBALANCED
JETS IN GROUND PROXIMITY, C.C. Hsu, Hydronautics
Inc., Laurel, Md., Ft. Eustis, Va. Army Transporta-
tion Res. Command, October 1963, 42p. (TRECOM-
TR-63-60; Techn. Rept. 24-2; AD-426178).

A previous report presented a theory which included
the effects of viscosity on a two-dimensional wall
jet. The theory was found to be adequate for the
hovering mode. This report extends the theory to
include the cases of forward velocity and small
angular displacements in hover.

GROUND EFFECTS ON V/STOL AND STOL AIRCRAFT, R.E.
Kuhn, National Aeronautics & Space Admin., Langley
Research Center, Langley Station, Va. in NASA,

Wash. Conf. on Aircraft Operating Probl, 1965,

p. 287-298.

Ground effects on Y/STOL and STOL aircraft arise
from the fact that these aircraft support them-
selves by deflecting air downward flow with attendant
effects on both the ground and the aircraft. The
effects of self-generated turbulence will not be
serious if adequate control is provided, and this
annoyance to the pilot can be reduced by providing
artificial damping. The avoidance of ground-
erosion damage involves proper preparation and
housekeeping of the landing site for high-disk-
loading vehicles and proper operating procedures

to avoid running into debris. Research is still in
pProgress to obtain a better understanding of hot-gas
ingestion and means of reducing it.
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I.8.2.9

1.8.2.10

I.8.2.11

I.8.2.12

EMPIRICALLY DETERMINED WIND AND SCALE EFFECT ON

HOT GAS RECIRCULATION CHARACTERISTICS OF JET V/STOL
AIRCRAFT, P.E. Ryan and W.J. Cosgrove, NASA CR-1445,
October 1969.

A PROPOSED AIRCRAFT LIFT/THRUST POWER PLANT ARRANGE-
MENT, National Research Council of Canada, Ottawa,
(Ontario) Div. of Mechanical Engineering, R. A.
Tyler, December 1960.

A description is given of an aircraft power plant
arrandgement: of the turbofan type. Research efforts
were centered on commercial and civil applications
of VITOL, A suitable engine system should satisfy
these requirements: (1) an acceptable margin of
safety at takeoff and landing, (2) the ability to
provide the large thrust or lift required for STOL
or VTOL takeoff without undue penalty in weight and
fuel economy when cruising, (3) mechanical simplicity
and reliability, (4) low overall specific weight,

(5) low development and first costs, (6) low noise
level, (7) ease of mechanical operation in transition
from vertical to normal level flight, (8) absence of
adverse aerodynamic effects during transition, and
(9) absence of hot high velocity downward directed
jets during the lifting phase.

A THEORY OF WING-PROPULSION COMBINATIONS IN SLOW
FLIGHT, R.J. Vidal, Cornell Aeronautical Laboratory,
Inc,, CAL Report No. AI-1190-A-1, September 1959.
The development of a theory treating wing-propulsion
systems in slow flight is presented. This develop-
ment is applied to a class of configurations, char-
acterized by wing and propulsion wakes which are
equal in span, and is used to predict the perfor-
mance of this class of aircraft. It is concluded
that for aircraft of equal span, those generating
thick propulsion wakes require the least power, and
that configurations typified by thin jet wakes are
inherently inefficient as regards power consumption
in the very slow speed range. The theory is compared
with the available helicopter data, and good
correlation is obtained.

STUDY OF THE VORTEX SHEET IMMEDIATELY BEHIND AN
AIRCRAFT WING (PENNSYLVANIA STATE UNIVERSITY STUDY),
B.W. McCormick and J.L. Tangler, Report 4446-1,

Army Research Office-Durham, December 1965.
Inveéstigates sheet thickness, size of vortex core,
and rate at which sheet rolls up as function of lift
coefficient.
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I.8.2.13

I.8.2.14

I.8.2.15

REVIEW OF PROPULSION-INDUCED EFFECTS ON AERODYNAMICS
OF JET V/STOL AIRCRAFT, R.J. Margason, NASA TN D-5617,
February 1970.

This paper reviews several aspects of the effects
induced on the aerodynamics of V/STOL aircraft in
hover and transition flight by the interference

of wakes from relatively high disk-loading propul-
sion devices. Four problem areas are treated:

(1) the performance losses sustained when hovering
out of ground effect, (2) induced aerodynamic

effects in transition flight out of ground effect,

(3) the problems caused by hot-gas ingestion, and

(4) the effects induced on performance during hover
in ground effect. Some of the conflicts among

the design requirements imposed by these different
modes of flight are discussed, along with the present
state-otf-the-art of solutions to some of the problems.

STRUCTURE OF TRAILING VORTICES, B.W. McCormick, J.L.
Tangler and H.E. Sherrieb, Journal of Aircraft,

Vol. 5, No. 3, May-June 1968, pp. 260-267.

A study of aircraft trailing vortex systems, in-
volving flight testing of a U.S. Army O-land a
Peper Cherokee, as well as model testing and analy-
tical considerations, resulted in a method for pre-
dicting the vortex geometry and velocity field
downstream of an aircraft. It was found that the
vortex decay could be described by geometric
similarity considerations. This conclusion was
based on detailed velocity measurements made
through the vortex immediately behind a test air-
craft up to distances of approximately 1000 chord
lengths downstream of the aircraft. A presentation
of the data on which the conclusions were based, as
well as description of test equipment and procedures
are included.

JET CIRCULATION EFFECTS ON V/STOL AIRCRAFT, M. Cox
and W.A. Abbott, Journal of Sound and Vibration,
Vol. 3, No. 3, 1966, pp. 393-406.

Gases from the jets of lifting engines may be re-
circulated to the engine intakes and cause a loss

of thrust. Model tests with heated jets were made
to provide data on velocities in the jet around the
impingement region and to assist the correlation

of model and full-scale measurements., Vertical and
inclined jets were studied under steady and transient
conditions during the initial establishment of the
wall jet flow and the relationship between these two
cases is given.
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I.8.2.16

I.8'2.l7

(continued)

Tests with jets from nozzles moving over the ground
showed that the distance the wall jet travels before
being turned back by the relative wind may be ob-
tained from measurements with stationary jets.

Experiments with heated jets showed that a parameter
including the initial dynamic pressure and the tem-
perature of the jet may be used to correlate the
vertical penetration of a free jet and the lateral
extent of an impinging jet to the point where it
separates from the ground due to buoyancy effects.

VORTEX WAKES BEHIND HIGH-LIFT WINGS, J.E. Hackett
and M.R. Evans, AIAA Paper 69-740, July 1969.

A classical unsteady treatment in the cross-flow

plane, which calculates the roll-up of an initial
span-wise row of point vortices, was modified to

allow for the influence of the wing. Additional

meaning is thereby given to the streamwise length
dimension and hence to aspect ratio and sweep.

The effects of height-above-ground and of various
tunnel heights and widths were discussed. Under
certain limited conditions, notably with part-span
flaps or too narrow a tunnel, part or all of the
trailing vortex system may move upwards. Conse-
quent changes in the vertical velocity field were
additional to conventional estimates involving
only the appropriate image system.

AN ANALYTICAL METHOD OF DETERMINING GENERAL DOWNWASH
FLOW FIELD PARAMETERS FOR V/STOL AIRCRAFT, D.J.
Hohler, Report No. AFAPL-TR-66-90, November 1966.
Alr Force Aero Propulsion Lab.

Presented a method of analytically determining the
general downwash flow field parameters of various
types of V/STOL aircraft. V/STOL aircraft produce
high downwash air velocities that impinge and spread
out over the surface of the ground. Depending on the
size, type, and number of engines on the aircraft,
this downwash can cause damage to nearby aircraft,
equipment, or personnel. Past theoretical methods
based on incompressible flow theory have been un-
successful in establishing a means of computing

this downwash flow field. A combined method, of
experimental data and certain analytical approaches
yielded a means of predicting the general downwash
flow field parameters.
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I.8.2.18

I.8.2.19

I.8.2.20

I.8.2.21

A REVIEW OF JET EFFLUX APPLICABLE TO V/STOL AIRCRAFT,
J.E. Garner, Arnold Engineering Development Center,
AEDC-TR-67-163, September 1967.

A state-of-the-art summary of jets exhausting into

a subsonic crossflow is presented.

SIMPLIFIED APPROXIMATIONS OF INTERFERENCE EFFECTS
ON JET V/STOL AIRCRAFT, D.T. Archino, Air Force
Institute of Technology Thesis GAM/AL/68-2,

March 1968.

A semi-empirical method was developed to predict
lift loss and pitching moments caused by inter-
ference effects on aircraft in hover and transition.
The induced flow in hover was superimposed on the
free stream to determine interference effects
during transition.

RECENT DEVELOPMENTS IN THE METHOD OF THE RHEOELEC-
TRIC ANALOGY APPLIED 70 AERODYNAMICS, L. Malavard,
JAS, Vol. 24, May 1957.

Rheoelectric analogies can be employed either as a
means for the graphical representation of a theoreti-
cal flow field or as a procedure for calculating
aerodynamic characteristics. The following recent
applications, corresponding to these two aspects,

are discussed: (1) a simple method for the direct
plotting of isogradient and isoargument lines of

a plane harmonic field; (2) interpretation by
electrical analogy of a linearized theory of a wing
jet flap, and results obtained on an airfoil section;
a method for studying jet flap action on a lifting
surface; (3) calculation by electrical analogy of
the aerodynamic characteristics of the annular

wing; analog representations of various parameters
(camber, thickness, conicity); and the analog

model of the annular wing considered as a lifting
surface.

ENGINE-AIRFRAME INTEGRATION, L.F. Nicholson, JRAS,
Vol. 61, November 1957.

Discussion of the engine-airframe integration, in
particular of interference between jet and airframe;
problems of engine-airframe integration at high
speeds; the use of the propulsive jet to augment
lift; the general problem of jet lift in cruising
flight; the use of the engine thrust to sustain
flight at low speeds; and the jet flap.

See also, I.8.1.1, 1.8.1.8.
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I.8I3.2

I.8.3.3

I.8.3.4

I.8.3.5

Ground LEffect

SOME AERODYNAMIC ASPECTS OF GROUND EFFECT, P.
Poisson-Quinton and A. Bevert, SAE Preprint 508A,
National Aeronautics Meeting, New York, April 1962.

INCREASE IN LIFT FOR TWO- AND THREE-DIMENSIONAL
WINGS NEAR THE GROUND, R.M. Licher, Douglas Report
No. SM-22615, October 1956.

The effect cn the lift of a wing near the ground is
approximated theoretically by replacing the ground
with an image wing and by representing both real
and image wings by networks of finite strength
bound and trailing vortices.

GROUND EFFECTS RELATED TO LANDING OF AIRPLANES WITH
LOW-ASPECT~RATIO WINGS, W.B. Kemp et al, NASA TN
D3583, October 1966.

The fundamental mechanism of ground induction is re-
viewed and a simplified landing-flare analysis
illustrates the significance of ground effects.
Effects of wing planform and aircraft size are

shown by use of dynamic calculations of the motion
during the landing flare.

GROUND EFFECTS ON V/STOL AND STOL AIRCRAFT, R.E.
Kuhn, Nat. Aeron. & Sp. Admin., Langley Research
Center, Langley Station, Va., in NASA, Washington,
Conference on A/C Operating Probl. 1965, p. 287-298.
Ground effects on V/STOL and STOL aircraft arise
from the fact that these aircraft support themselves
by deflecting air downward with attendant.

effects on both the ground and the aircraft. The
effects of self-generated turbulence will not be
serious if adequate control is provided, and this
annoyance to the pilot can be reduced by providing
artificial damping. The avoidance of ground-erosion
camage involves proper preparation and housekeeping
of the landing site for high-disk-loading vehicles
and proper operating procedures to avoid running
into debris. Researcii is still in progress to ob-
tain a better understanding of hot-gas ingestion

and means of reducing it.

THEORETICAL ANALYSIS OF AIR FLOWS AROUND WINGS
LOCATED IN THE VICINITY OF THE GROUND, Burcau 4'
Analyze et de Recherche Appliques, May 1962.

Using rheoelectrical analog, ground effect on lift
for a Clark Y airfoil was investigated. For flap
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I.8.3.6

(continued)

angles greater than 3(° ground effect was unfavorable.
Ground effect on an AR=2.0 rectangular wing was

also investigated. Ground effect was found to be
always favorable.

LITERATURE SEARCH AND COMPREHENGSIVE BIBLIOGRAPIHY OF
WINGS IN GROUND EFFECT AND RELATED PHENOMEMNA,

W.F. Foshag, D. Taylor, Model Basin Report 2179,
March 1966.

A literature search was made of wings operating

in ground effect and related phenomena. Comments
are made on some of the papers included. The
appendices include a discussion of the theoretical
papers. A cross index was provided.

See also, I.8.2.4 and 1.8.2.7.
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1.8.4.4

Stability and Control

ESTIMATION OF STABILITY DERIVATIVES (STATE-OF-THE-
ART), H.H.B.M. Thomas, CP664, 1963.

Methods for the estimation of the usual longitudinal
and lateral stability derivatives of an aircraft

are discussed for each derivative.

PROBLEMS OF LONGITUDINAL STABILITY BELOW MINIMUM
DRAG SPEED, AND THEORY OF STABILITY UNDER CONSTRAINT,
5. Neumark, R&M 2983, 1957.

Reasoning proposed in 1910 purported that flight be-
low minimum drag speed should be fundamentally
unstable, so that any speed error would lead to a
divergence. This reasoning is shown to be invalid
on the ground of the general theory of dynamic
stebility in uncontrolled flight, the criterion
peing a grossly inadequate approximation to the
condition of phugoid stability. However, the
criterion may be fully vindicated for the case of
flight controlled by the elevator in such a way as
to maintain constant height. The criterion also
applies to the problem of ultimate height response
to an elevator deflection. The concept of stability
of partially controlled flight is further developed,
leading to a general theory of "stability with con-
straint", i.e. when a control (elevator, throttle,
and so on) is used to suppress one component of

the disturbance.

INVESTIGATION OF LATERAL CONTROL NEAR THE STALL.
ANALYSIS FOR REQUIRED LONGITUDINAL TRIM CHARACTER-
ISTICS AND DISCUSSION OF DESIGN VARIABLES, F.E.
Weick and H.N. Abramson, NACA TN 3677 (June 1956).
Analytical design procedures for es*imating the
elevator deflection required to tri.. in ste<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>