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ESDU 82034
ESDU DATA ITEMS

Data Items provide validated information in engineering design and analysis for use by, or under the supervision
of, professionally qualified engineers. The data are founded on an evaluation of all the relevant information, both
published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.
The whole process is subject to independent review for which crucial support is provided by industrial companies,
government research laboratories, universities and others from around the world through the participation of some
of their leading experts on ESDU Technical Committees. This process ensures that the results of much valuable
work (theoretical, experimental and operational), which may not be widely available or in a readily usable form, can
be communicated concisely and accurately to the engineering community.

We are constantly striving to develop new work and review data already issued. Any comments arising out of your
use of our data, or any suggestions for new topics or information that might lead to improvements, will help us to
provide a better service.
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ESDU 82034
AIRCRAFT FORCES DUE TO INTERFERENCE BETWEEN A JET EFFLUX AND A 
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ESDU 82034
AIRCRAFT FORCES DUE TO INTERFERENCE BETWEEN A JET EFFLUX AND A 
SLOTTED FLAP

1. NOTATION AND UNITS

SI British

wing aspect ratio, 

coefficient used in evaluating  in Equation (3.9)

aircraft drag coefficient resulting from aerodynamic forces, 
excluding contribution from jet/flap interference effects

drag coefficient resulting from aerodynamic forces arising 
from jet/flap interference effects

aircraft lift coefficient resulting from aerodynamic forces, 
excluding contribution from jet/flap interference effects

lift coefficient resulting from aerodynamic forces arising from 
jet/flap interference effects

incidence-dependent component of 

flap-dependent component of 

total aircraft pitching moment coefficient (see Sketch 1.3)

pitching moment coefficient resulting from aerodynamic 
forces, excluding jet/flap interference effects

pitching moment coefficient resulting from aerodynamic 
forces arising from jet/flap interference effects

propulsion contribution to pitching moment coefficient, 
excluding jet/flap interference effects

propulsion contribution to pitching moment coefficient 
including jet/flap interference

gross thrust coefficient, (total engine gross thrust)/(free-stream 
kinetic )

net thrust coefficient

momentum force coefficient associated with the air that passes 
through the engines, calculated at free-stream velocity

coefficient of resultant force parallel to free-stream (see 
Sketch 1.3a)

A wing span( )2/Sref

B θjc

CDa

CDb

CLa

CLb

CLα CLb

CLθ CLb

Cm

Cma

Cmb

Cme

Cmp

CTG
pressure Sref×

CTN

CXD

CXT

Issued November 1982 - 35 pages
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2

ESDU 82034
coefficient of resultant force normal to free-stream 
(see Sketch 1.3a)

two-dimensional trailing-edge jet momentum coefficient, 
derived from Equation (4.1)

local wing chord

wing aerodynamic mean chord

extended wing chord (see Sketch 1.6) m ft

projected chord of extended wing (see Sketch 1.6) m ft

flap chord (see Sketch 1.6) m ft

chord of flap final, or auxiliary, element (see Sketch 1.6b) m ft

jet diameter at start of jet diffusion (see Sketch 1.2) m ft

jet diameter at flap trailing-edge (see Sketch 1.1) m ft

coefficient used in evaluating  in Equation (3.9)

flap immersion factor (see Sketch 1.1)

, coefficients used in evaluating  in Equation (4.19)

, coefficients used in evaluating  in Equation (4.13)

distance of flap trailing-edge from jet upper boundary 
(see Sketch 1.1)

m ft

, moment arms associated with propulsion forces 
(see Sketch 1.5a)

m ft

moment arm associated with jet/flap interference forces 
(see Sketch 1.5)

m ft

part-span vortex drag factor

coefficient used in evaluating  in Equation (4.13)

ratio of extended wing chord to local wing chord, 

, coefficients used in evaluating  in Equation (4.17)

coefficient used in evaluating K

distance of centre-of-pressure measured from wing 
leading-edge (see Sketch 1.5a)

m ft

CZT

Cµ

c

c=

c ′

c″

cf

cf aux

Dj

Djf

E θjc

F

F1 F2 K4

G G1 CLα

Hf

he hi

hf

K

K1 CLα

K2 c′/c

K3 K3aux CLθ

K4

lc
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3

ESDU 82034
moment arm associated with propulsion forces 
(see Sketch 1.5a)

m ft

moment arm associated with jet/flap interference forces 
(see Sketch 1.5)

m ft

distance between wing leading-edge and aircraft 
centre-of-gravity (see Sketch 1.5a)

m ft

number of engines per wing

aircraft reference area m2 ft2

wing area influenced by jets (see Equation (4.2)) m2 ft2

local wing maximum thickness m ft

coefficient used in evaluating  in Equation (3.8)

aircraft incidence degree degree

inclination of local chord relative to aircraft reference plane 
(see Sketch 1.3a)

degree degree

flap angle (see Sketch 1.3) degree degree

flap angle for final, or auxiliary, element of flap 
(see Sketch 1.3c)

degree degree

change in  due to jet/flap interference

change in  due to jet/flap interference

distance from aircraft centre-line to inboard limit of jet(s), 
non-dimensionalised with respect to wing semi-span (see 
Sketch 1.7)

distance from aircraft centre-line to outboard limit of jet(s), 
non-dimensionalised with respect to wing semi-span (see 
Sketch 1.7)

propulsive efficiency factor

angle through which jet is deflected due to jet/flap interference degree degree

inclination of powerplant thrust line relative to aircraft 
reference plane, 

degree degree

inclination of powerplant thrust line relative to local wing 
chord (see Sketch 1.3b)

degree degree

inclination of flap trailing-edge upper-surface relative to local 
wing chord (see Sketch 1.3)

degree degree

le

lf

l0

N

Sref

Sj

t

Y λ1

α

αl

δf

δfaux

CXT∆ CXT

CZT∆ CZT

ηi

ηo

ηj

θd

θe
θew αl+

θew

θf

Copyright Engineering Sciences Data Unit 
Provided by IHS Markit under license with ESDU Licensee=/, User=, 

Not for Resale, No reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: ESDU 82034 A 1984

http://www.avadocuments.com/doc/esdu-82034-a-1984
http://www.avadocuments.com/doc/esdu-82034-a-1984


 

ES
D

U
 C

op
yr

ig
ht

 m
at

er
ia

l. 
 F

or
 c

ur
re

nt
 s

ta
tu

s 
co

nt
ac

t E
SD

U
. 

4

ESDU 82034
inclination of deflected jet relative to aircraft reference plane, degree degree

theoretical deflection angle for that part of jet which impinges 
on flap, used in evaluating  in Equation (3.7)

degree degree

inclination of deflected jet relative to local wing chord (see 
Sketch 1.3b)

degree degree

theoretical maximum jet deflection angle, degree degree

fraction of jet area impinging on flap

fraction of  lost through scrubbing or by lateral spread of 
jet

jet momentum ratio, see Equation (3.1)

part-span factor on lift coefficient

Subscripts

denotes value for aerofoil

denotes value for wing

θj
θjw αl+

θjc
ηj

θjw

θm θf θew–

λ1

λ2 λ1

λm

Φ

2D

3D
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ESDU 82034

Sketch 1.1  Definition of flap immersion factor

Sketch 1.2  Illustration of method used to define jet boundary

Jet upper boundary

Jet lower boundary

Hf

Djf

Flap immersion factor, F = Hf /Djf

For no immersion , F = 0

Jet boundaryJet boundary

Nozzle
exit

Secondary flow nozzle exit
(annular area A1)

Primary flow nozzle exit
(area A2)

9˚ 9˚

Dj Dj

(b) Double stream nozzle(a) Single stream nozzle

Dj = (4/π) (A1 + A2)
½
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ESDU 82034

Sketch 1.3  Definition of angles and forces

Aircraft centre of gravity

Aircraft reference plane

Local wing chord

Local wing chord

Free-stream direction

CZT

CmT

CXT αl

δf
θf

δf

θf

δf aux

θd

θew

θjw

α

Power plant datumthrust action line

Deflected jet action line

Local wing chord

(a) Definition of incidence, wing twist and forces

(b) Definition of angles for single-element flap

(b) Definition of angles for double-element flap

Note: All angles are drawn in the positive direction
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ESDU 82034

Sketch 1.4  Illustration of flap types

(i) Single-slotted (ii) Double-slotted

(i) Double-slotted (ii) Triple-slotted

(a) Type A flaps: single main element

(b) Type B: multi-  element
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ESDU 82034

Sketch 1.5  Moment arm definition

Aircraft centre of gravity Aircraft reference plane

(a) General case

(b) Case of high flap immersion

Centre of pressure

Jet centre-line

Jet centre-line

he
hi

lc

le

lf

lf

hf

hf

l0

=

=

=

=

Note: All moment arms are drawn as positive values
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ESDU 82034

Sketch 1.6  Definition of wing and flap chords

Sketch 1.7  Jet spanwise extent for use in evaluating part-span factors

c′′

c

cf

cf

cf aux

c′

c′′

c

c′

(b) Double-element flap

(a) Single-element flap

Jet boundary
Jet boundary

Jet boundary

Jet boundary

Flap trailing-edge Flap trailing-edge

Jet centre-line

Jet centre-line

Jet centre-line

(a) Twin-engine aircraft (b) Four-engine aircraft

Djf /2

Djf /2

Djf /2

η0

η0

η = 1

ηi
ηi
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