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Abstract. The paper presents the results of the calculation of forces acting on the flaps 
of the Su-22 aircraft during take-off and landing. Four different analytic and 
experimental calculation methods were used to increase the reliability of the obtained 
results. The results will be the basis for performance of fatigue testing of the flaps which 
are structural components of the aircraft wings. The tests will be performed as part of  
a wider research program aimed at the extension of the Su-22 aircraft service life.  
Keywords: mechanics, aircraft fatigue tests, aerodynamic loads, aircraft flaps 
 
1. INTRODUCTION 
 
 Determination of in-flight loads acting on aircraft structural components is 
a task which new aircraft design engineering teams must carry out frequently. 
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This determination is based on analytical or computer calculations and is 
followed by experimental verification [4]. Computer-aided methods have been 
developed lately, facilitating precise modelling of aircraft structure airflow. The 
increased computing capacity of computers has made the calculations 
increasingly accurate and faster to complete. However, the related methods are 
still time-consuming, expensive and of limited availability due to the purchase 
costs of software, the necessary high computing capacity of computers, and the 
necessity of modelling the investigated structures in a computer-based 
environment.  
 Analytical methods remain as a valid alternative to computer-based 
methods. Analytical methods facilitate fast estimation of load values with 
relatively straightforward calculations. Most often, the cornerstone of analytical 
methods are characteristics determined by experimental testing. This facilitates 
a fast knowledge transfer to similar research cases. Although with a number of 
constraints, analytical methods facilitate evaluation of the magnitude of the 
loads acting on airframe structural components with theoretical and 
experimental relationships. The analytical methods have proven their feasibility 
through decades of application at various design engineering and research 
centres. They may still remain useful where a relatively fast and reliable 
determination is required to identify the loads on aircraft structures which have 
been operated for many years, especially where the comprehensive design 
documentation of the aircraft is missing. In this case, fragmentary data must be 
relied upon and complemented by direct measurements of the aircraft structure. 
This is the case with the Su-22 aircraft (Fig. 1). The Polish Air Forces have 
decided to extend the service life of the machine, which necessitates testing to 
prove the durability of the aircraft structure. The objective of the tests, among 
others, is to prove that the aircraft is capable of exceeding the number take-off 
and landing cycles established by the manufacturer. For this purpose, analytical 
and computer calculations of the airframe structure fatigue life were performed 
[5]. The results required verification with a full-scale fatigue test of the Su-22 
aircraft. This test required full understanding of the external loads applied to the 
aircraft.  
 The following presents the method for evaluating the load magnitude 
acting on the Su-22 flaps. The flaps are structural components mainly operated 
during the take-off and landing stages of flight. The Su-22 has four flaps (with 
two on each wing side). The inner flaps are operated during take-off and 
landing. The outer flaps are used for landing only.  
 Aircraft flaps are flight safety critical components. Any failure of a flap 
may have catastrophic consequences. The extreme loads acting on the flaps 
during take-off and landing increase the relative damage exposure of these 
components. Fig. 2 shows damage to a Su-22 flap caused by a faulty repair 
replacement of rivets [2].  
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 Four analytical methods were applied in the flap load estimation to 
increase the calculation reliability. These include three methods explained in  
[3, 6, 9] and a method applied in the Advanced Aircraft Analysis [1], which is 
identical to the method in [6]. The methods facilitate calculation of the global 
loads of the wing with the flaps extended. It was then necessary to estimate 
what part of those loads is limited to the surface area of the flaps. This required 
an analysis of the pressure distribution across the airfoils with extended flaps. 
The XFOIL software [8] was used as being capable of determining the 
distribution.  
 The calculation results will be an input to a full-scale fatigue life test of the 
Su-22 and loading the flaps of the tested aircraft. The test results will help 
estimate the viability of a safe service life extension for the Su-22 fleet. 
 

 
 

Fig. 1. Diagram of the Su-22 structure 

Inner flap 

Outer flap  



G. Kowaleczko, A. Leski, W. Zieliński 90 

 

Fig. 2. Damage to a Su-22 flap 

 
2. IDENTIFICATION OF THE AIRCRAFT GEOMETRY 

 
To determine the loads acting on the Su-22 flaps, the aircraft geometry was 

reproduced from the overview in [7], see Fig. 1. A series of measurements were 
taken to determine the geometrical features of the fuselage, the wings, the 
tailplane and the vertical tail units. The aircraft dimension resulting from these 
calculations were then used to calculate a number of geometrical characteristics 
of the structural components. These calculations were completed in the AAA3.2 
software [1]. Fig. 3 shows the reconstructed geometry of the aircraft and its 
wing, complete with the outer flap. A series of measurements were also taken 
directly on the actual Su-22 aircraft to determine, among others, the wing and 
flap geometrical sections (Figs. 4 and 5). 
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Fig. 3. Reconstructed geometry of the aircraft and its wing, complete with the outer flap 

  
Fig. 4. Wing section in the inner flap 

vicinity 
Fig. 5. Inner flap section 

 
3. IDENTIFICATION OF THE CALCULATION METHODS 
 

The following section presents the calculation methods available in the 
reference literature which enable the effect of flap extension on the increase in 
the wing lift. These are theoretical and experimental methods which require 
plotting a large number of charts. The charts contain a number of designations 
applicable to the wing and flap geometries and may vary with source. Given this 
problem, this paper uses the original designations. The charts were digitized to 
help determine the polynomials to approximate the individual curves. The 
polynomials were applied to determine the values of the coefficients present in 
the calculation formulas. 
 
3.1. The Fiszdon calculation method 

 
The monograph [3] shows the charts which enable determining the increase 

of the lift coefficient for a wing with a slotted flap and a Fowler flap, see Fig. 6. 
The charts refer to wings with a full wing span flap, which is a two-dimensional 
case.  
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The following formula is applied to include the effect of the wing envelope 
and the flap reach on the increase of the lift coefficient in an actual wing: 

( ) ( )[ ] ( )[ ]{ }4/13214/13212 sin61sin61 xwwwxzzzDzz kAkkkAkkCC νν +−+−+−+∆=∆ (1) 

 
(a) 

 
 

(b) 

 

Fig. 6. Increase of the lift coefficient for a slotted flap and a Fowler flap [3] 
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The factors (k1z, k2z, k3z) and (k1w, k2w, k3w) are determined from Fig. 7 by 
assuming the following: 0/ llkl=λ  and bbkz /=η  for the factors (k1z, k2z, k3z), or 
η = bkw/b for the factors (k1w, k2w, k3w). The dimensions lkl, l, b, bkw, bkz are 

shown in Figs. 6 and 7; A is the aspect ratio; 4/1xν  is the sweep angle of ¼ of 

the chords. 
 

 

 

 

Fig. 7 Correction factors k1 , k2 , k3 [3] 
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3.2.The Young calculation method 
 

The publication [9] depicts a method for calculating the increase of the lift 
coefficient for a wing from the extension of flaps. The method considers the 
flap angle, the chord change, and the flap range along the wing span. 

With the flaps pulled in, the wing chord is c (Fig. 8). Extending of the flap 
changes the wing chord to a dimension larger or smaller than the chord of the 
wing with the flap pulled in, which depends on the mechanization of the flap. 
Hence the so-called effective chord c’ is defined.  

c’

c
fc

A

    wing chord line

flap chord line

β

 

Fig. 8. Diagram of a wing geometry with a flap 

The change of the chord and an extension of a full wing span flap increase 
the lift by: 








 −+∆=∆ 1
'

)6(

)(''

c

c
C

F

AF

c

c
CC LwLL  (2) 

• F(A)/F(6) is a correction factor including the change in the lift curve 
slope from the change in the aspect ratio relative to the dimensioning 
aspect ratio A = 6. The correction factor is shown in Fig. 9. 

• CLw is the lift coefficient value with the flap pulled in. 
• '

LC∆  is the increment of the lift coefficient calculated with the effective 
chord included. It is calculated with the expression:  

( )βλλ 21
'

'
⋅








=∆

c

c
C

f

L  (3) 

o 








'1
c

c fλ  – the correction factor dependent on the flap chord cf 

to effective chord ratio. It is shown in Fig. 10. 
o ( )βλ2  – the correction factor dependent on the flap angle β. It 

is shown in Fig. 11. 
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Fig. 9. Correction factor F(A)/F(6) 

 

 

Fig. 10. Correction factorλ1 
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Fig. 11. Correction factorλ2 

 

 

Fig. 12. Correction factorλ3 

 
The flap range is included with the following expression: 





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
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
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
−








⋅∆=∆

b

b

b

b
CC

fifo

LwingL 33_ λλ  (4) 

The factor 








b

b f

3λ  is shown in Fig. 12. bfo – outer flap edge span; bfi – inner 

flap edge span. 
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3.3. The Roskam calculation method 
 

The study [6] depicts a method for calculating the increment of the lift 
coefficient for a wing from the extension of flaps. This method is the most 
accurate of those listed herein and considers a large number of factors which 
determine the performance of flaps. 

The flap angle δf results in a change of the airfoil lift coefficient: 

fprofzaprofza
c

c
aCC δδ

α ⋅⋅⋅=∆
'

__  (5) 

α
profzaC _  – the lift curve slope of the airfoil section with the flaps pulled in and 

within the small Mach numbers (M ≈ 0) between 5.44 and 6.7. 
c’, c – the chords shown in Fig. 8. 
aδ – the flap efficiency factor shown in Fig. 13. 
 

 

Fig. 13. Flap efficiency factor αδ 
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Fig. 14. Diagram for the determination of factor Kb 
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The lift coefficient change for the whole wing is calculated with this 
relationship: 

( )
( ) α

α

δ

δ

profza

wingza

C

C

bprofzaza
C

C

a

a
KCC

l

L

_

_
_ ⋅⋅⋅∆=∆  (6) 

where: 

profzaC _∆  – the change in the section lift coefficient, expressed by the 

                     formula (5). 
Kb – the factor dependent on the flap span and the wing taper ratio, 
          determined from Figs. 14 and 15. 
( )
( )

l

L

C

C

a

a

δ

δ
 – the 3-dimensional flap efficiency factor read from Figs. 16 and 17. 

α
wingzaC _  – the wing lift curve slope calculated with the formula: 

4
tan

12

2

2
2/

2

2

22_

+






 Λ
++

=

β
β

πα

c

wingza

k

A

A
C  (7) 

 
where: 

S

b
A

2

=  – wing aspect ratio 

2/cΛ  – angle of the line of ½ chords 

21 M−=β  – correction factor from the Mach number M 

β

α
α 0__

__
== Mprofza

Mprofza

C
C  – section lift curve slope at the Mach 

                                                number M 

π

α

2
__ MprofzaC

k =  – section lift curve slope at the Mach number M  

                              referenced to 2π 
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Fig. 15. Coefficient Kb 

 
 

Fig. 16. 3-dimensional flap efficiency factor 

 
 

Fig. 17. 3-dimensional flap efficiency factor 
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4. RESULTS OF CALCULATION FOR FLAPS FROM THE 
FISZDON, YOUNG AND ROSKAM METHODS 

 
The following section outlines the calculation results for the inner and 

outer flaps depicted in Fig. 1. The results apply to three of the four analytical 
methods contemplated herein. The flap angle is 25º for the outer and inner flaps. 

 
4.1. The Fiszdon method 

 
The following table shows the calculation results for the inner and outer 

flaps. Concerning the inner flap, it was established that Fig. 6(b) applies to  
a Fowler flap with the wing section relative thickness of g/l = 12%, 15%, 18%, 
and 21%. The aircraft wing section is 7% in thickness ratio, so the values 
(ΔCz)2D were read at a flap angle of 25° and extrapolated for this thickness ratio. 
Note that Fig. 6(b) concerns a flap which occupies 30% of the chord, 3.0=λ , 
and the calculated value is 0.2. A respective adjustment was then made to the 
calculations. 

 
Wing 

Aspect ratio A A=5.27 
Sweep angle of ¼ of the 

chords 4/1xν  

0
4/1 4.30=xν  

Description Inner flap Outer flap 
Flap occupancy of the 
wing section (from Fig. 1 
and as measured) 

λ = lkl/l = 0.2 λ = lkl/l = 0.3 
 

Relative position of flap 
ends (from Fig. 1 and as 
measured) 

ηkw = bkw/b = 0.117 
ηkz = bkz/b = 0.257 

ηkw = bkw/b = 0.36 
ηkz = bkz/b = 0.61 

Auxiliary factors (from 
Fig. 7) 

k1z=0.367,k2z=0.0764, 
k3z=0.119,k1w=0.172, 

k2w=0.00691,k3w=0.111 

k1w=0.481,k2w=0.0055, 
k3w=0.1;k1z=0.761, 

k2z=0.004,k3z=0.058 
Increment of the lift 
coefficient at the wing 
section thickness ratio of 
7% and λ = 0.3 

 (ΔCz)2D = 0.99  (ΔCz)2D = 0.69 

Increment of the lift 
coefficient at the wing 
section thickness ratio of 
7% and λ = 0.2 

( ) 66.0
3

2
99.02 =⋅=∆

DzC  
- 

Increment of the wing lift 
coefficient (formula (1)) 

136.0206.066.0 =⋅=∆ zC

 
191.0277.069.0 =⋅=∆ zC
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4.2. The Young method 
 

Description Inner flap Outer flap 
Increment in chord 
(as measured) 

04.1/' =cc  0.1/' =cc  

Change of the lift 
curve slope at the 
aspect ratio A=5.27 
(Fig. 9) 

95.0)6(/)( =FAF  

Correction factor 
(Fig. 10) 

2.0'/ =cc f → 55.01 =λ  3.0'/ =cc f → 64.01 =λ  

Correction factor 
for the flap angle 
β = 25 (Fig. 11) 

34.12 =λ  

Increment of the 
wing lift coeff. 
with the effective 
chord (formula (3)) 

737.021
' =⋅=∆ λλLC  857.021

' =⋅=∆ λλLC  

Increment of the 
wing lift coeff. 
with the effective 
chord for the full 
wing span flap 
(formula (2)) 

728.0
)6(

)('' =∆=∆
F

AF

c

c
CC LL  814.0

)6(

)('' =∆=∆
F

AF

c

c
CC LL

 

Factors with the 
flap range (Fig. 12) 117.0=

b

b fi → 172.03 =







b

b fiλ  

 

257.0=
b

b fo → 367.03 =








b

b foλ  

36.0=
b

b fi → 488.03 =







b

b fiλ  

 

61.0=
b

b fo → 76.03 =








b

b foλ  

Increment of the 
wing lift coeff. 
with the flap range 
(formula (4)) 

142.0_ =∆ wingLC  221.0_ =∆ wingLC  

 
4.3. The Roskam method 

 
Due to the missing data for the wing section, the calculation was performed 

with two limit values α
profzaC _  shown below. The Mach number was considered 

with two cases: - the flap pull-in speed of 450 km/h (125 m/s) and the maximum 
permitted speed with the flaps extended 600 km/h (166 m/s). The correction 
factor values are β = 0.93 and β = 0.87, respectively. A mean value β = 0.9 was 
used for this calculation. 
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Description Inner flap Outer flap 
Increment in chord (as 
measured) 

04.1/' =cc  0.1/' =cc  

Wing section lift 
characteristic gradient 
(from [6]) 









=

7.6

44.5
_

α
profzaC  

Flap efficiency factor 
(Fig. 13) 

δf=250 , 2.0'/ =cc f

 →  aδ=0.413 

δf=250, 3.0'/ =cc f

  →  aδ=0.52 
Increment of the wing 
section lift coefficient 
(formula (5)) 









=∆

27.1

032.1
_ profzaC  








=∆

52.1

234.1
_ profzaC  

Correction factor from 
the Mach number 

β = 0.9 

Wing section lift curve 
slope with the Mach 
number 








=










=
44.7

04.6

9.0

7.6

44.5

__
α

MprofzaC  

Wing section relative 
characteristic gradient 
Cza(α) at the Mach 
number M 









=










=
18.1

96.0

2

44.7

04.6

π
k  

Wing lift curve slope 
(formula (7)) A=5.27, 0

2/ 23=Λ c
→   








=

80.4

22.4
_

α
wingzaC  

Factor dependent on the 
flap span and the wing 
taper (Figs. 14 and 15) 

117.0=iη , 257.0=oη  

→ Kb =0.195 

36.0=iη , 61.0=oη  
→ Kb = 0.19 

3-dimensional flap 
efficiency factor (Figs. 
14 and 15) 

( )
( )

069.1=
l

L

C

C

a

a

δ

δ
 

( )
( ) 05.1=

l

L

C

C

a

a

δ

δ
 

Change of the full wing 
lift coefficient (formula 
(6)) 









=∆

183.0

167.0
zaC  








=∆

196.0

172.0
zaC  

 
4.4. Advanced Aircraft Analysis method [2] 

 
Based on the inputs provided, the AAA3.2 software can calculate the value 

of the increase in the lift coefficient from the extension of the flaps. Fig. 18 
shows a parameter table filled with the data for the inner flaps (see the blue 
frame). The table also states the calculated values of the increase in the lift 
coefficient for an angle of attack which corresponds to zero lift (i.e. the wing 
with the flaps pulled in) and an angle of attack which corresponds to the 
maximum lift (see the red frames).  
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These values are equal to 







=∆

1862.0

1679.0
zaC . The outer flap generated the 

values 








=∆

3131.0

2763.0
zaC . 

 

Fig. 18. Table of calculation parameters for the inner flap 

 
4.5. Summary of the calculations of ∆Cza for the flaps 

 
The individual methods provided different yet approximate values of the 

increase in the wing lift coefficient caused by a flap angle of 25º. These values 
served to calculate the mean values as the inputs for downstream calculations. 
This is shown in Table 1. 

Table 1.  Calculated lift coefficient increase values 

Method Inner flap Outer flap 
Fiszdon ∆Cza=0.136

 
∆Cza=0.191

 

Young ∆Cza=0.142
 

∆Cza=0.221
 

Roskam 








=∆

183.0

167.0
zaC  









=∆

196.0

172.0
zaC  

AAA3.2 








=∆

1862.0

1679.0
zaC  








=∆

3131.0

2763.0
zaC  

Mean value ∆Cza=0.163
 

∆Cza=0.228
 

   
 

5. ANALYSIS OF THE SU-22 WING SECTION 
CHARACTERISTICS 

 
The Su-22 aircraft technical documentation does not specify the wing 

section. The only available data states a relative section thickness of 7%.  
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In order to determine the approximate characteristics of the wing section, 
measurements of the actual Su-22 wing section (see Fig. 4) were used. The 
wing section is biconvex with a calculated thickness ratio of 6.652% and the 
maximum centre line camber of 0.1%. The coordinates of the wing section 
points were input to the XFOIL software. Once standardised, the inputs served 
to calculate the aerodynamic characteristics, where pressure distribution across 
the wing section and the characteristic Cza(α) were calculated for a number of 
different angles of attack. They are shown in Figs. 19 and 20. The characteristic 

Cza(α) facilitates calculation of this derivative: 59.6_ =α
profzaC . The value is 

within the interval estimated in Section 4.3. 
 

 
 

Fig. 19. Pressure distribution across a Su-22 wing section at various angles of attack 

 

Fig. 20. Characteristic Cza(α) of a Su-22 wing section 
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6. VERIFICATION OF THE CALCULATIONS BY CROSS-
REFERENCE WITH THE AIRCRAFT MANUALS  

 
The [7] shows the aircraft characteristic Cza(α) at a sweep angle of 30º 

without considering a mechanization of the flaps, see Fig. 21 (solid line: no 
slots; dashed line: 10º slots).[7] also shows the polar curve of the aircraft and 
the characteristic Cza(α) at a sweep angle of 30º with the ground effect in three 
configurations:1 – (10º slots; all flaps pulled in); 2 – (10º slots; inner flaps at 
25º; outer flaps pulled in); 3 – (10º slots; inner flaps at 25º; outer flaps at 25º). It 
is shown in Fig. 22.  

The two figures help estimate the effect of the flap angle on the changes of 
the lift coefficient. Table 2 shows the lift coefficient increase values read from 
references and theoretically calculated in prior. The theoretical values are higher 
than the reference readings. The increase values grow as the angle of attack is 
reduced. Fig. 21 shows that the increase of the lift coefficient after extending 
the outer flaps is between 0.2 and 0.1, depending on the angle of attack. The 
increase at small angles of attack is approximate to the calculated value of 
0.228. With the small angles of attack applied to high flight speeds, it can be 
assumed that the flap extension/pull-in speed (450 km/h) requires higher values. 

This analysis also permits a conclusion that the calculated values of the 
increase ∆Cza assumed to determine the flap load force values will result in flap 
load tests under conditions that will be more extreme than in normal flight 
operations. This means that a positive result of load tests will guarantee proper 
performance of the flaps in further service of the aircraft. 

 

 

 

 
Fig. 21. Characteristic Cza(α) [7] Fig. 22. Aircraft polar curve and Cza(α) [7] 
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Table 2.Lift coefficient increase values 

Item Configuration α = 2º α = 5º Calculations 
1 Effect of 10º slot angle  0.08 0.16 - 
2 Effect of 25º inner flap angle  0.12 0.09 0.164 
3 Effect of 25º outer flap angle 0.16 0.17 0.228 

 
7. VERIFICATION OF THE CALCULATIONS OF WIND 

SECTION LIFT COEFFICIENT INCREASE  
 

The XFOIL software was applied to calculate the increase in the lift 
coefficient of the Su-22 wing (Fig. 23) from a flap angle of 25º. The angle of 
attack was α = 0º. The calculations included the influence of Mach numbers and 
the Reynolds numbers. Both numbers were determined for a calculated speed of 
450 km/h (125 m/s) and a mean aerodynamic chord ba = 2.99 m.  

The results: Ma = 0.36, Re = 26 ⋅ 106. Fig. 23 shows the examples of 
calculations of the wing section with a flap extended and occupying 30% of the 
chord. The obtained lift coefficient increase values were compared to the 
previous results, see Table 3. The comparison shows that, in the case of the 
inner flap, the values calculated with theXFOIL, Fiszdon and Roskam methods 
are approximate. As for the outer flap, the values from the XFOIL and Roskam 
methods are similar.

 
 

 

Fig. 23. Airflow of the Su-22 section with a flap extended and occupying 30% of the 
chord 
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Table 3. Lift coefficient of the Su-22 wing section (2D case) 

Calculation method Flap at 20% (inner) Flap at 30% (outer) 
XFOIL 1.087 1.296 
Fiszdon 0.99 0.69 
Young 0.737 0.857 

Roskam 







27.1
032.1

 







52.1
234.1

 

 
8. CALCULATION OF THE FLAP LOADING FORCES  
 

The inner flap is operated both during take-off and landing. The outer flap 
is intended for aircraft landing only. This means that the take-off stage is 
dimensioning for the inner flap and the landing stage is dimensioning for the 
outer flap. 
 
8.1. Calculation of the inner flap loading force during take-off 
 

Fig. 24 shows a diagram of the forces acting on the aircraft during climb. It 
shows that the aircraft lift is Pza ≈ Q/cosγa. The coefficient Cza can be calculated:  

SV

mg
C

a

za 2

2

cos

1

ργ
=  (8) 

This is a lift coefficient with the inner flaps extended. Its value is equal to 
the sum of the lift coefficient of the wing with the flaps pulled in, 0_ =fzaC δ  and 

the previously calculated increase values for the inner flaps, 
innerzaC _∆ .  

innerzazaza CCC
f _0_ ∆+= =δ  (9) 

  

Fig. 24. Diagram of the force distribution 
during climb 

Fig. 25. Determination of the wing surface 
occupied by the flaps 
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Hence the total lift can be expressed as follows: 

innerzazaza PPP
f _0_ ∆+= =δ   (10) 

The individual components are equal to, respectively: 

S
V

CP
ff zaza 2

2

0_0_
ρ

δδ == =  , S
V

CP innerzainnerza 2

2

__

ρ
∆=∆  (11) 

The lift 0_ =fzaP δ  is generated over the entire wing area, whereas the lift 

∆Pza_inner  applies only to the wing areas occupied by the flaps (Fig. 25). Given 
that the force distribution 0_ =fzaP δ  along the wing is proportional to the wing 

surface area and that the force from the inner flap extension ∆Pza_inner applies 
only to the wing areas occupied by the inner flaps, it is possible to calculate the 
total forces generated within the wing areas occupied by the inner flaps: 

( )
2

2

____0__
___

0__

V
SCSCP

S

S
PP innerzawkzpzainnerza

wkzp

zainnerza ff

ρ
δδ ∆+=∆+= == (12) 

The following values were established from the aircraft drawings and 
technical manuals: – reference area S = 35.54 m2; – wing area occupied by the 
inner flaps Sp_z_k_w = 9.44 m2; – maximum take-off weight of the aircraft 
m = 19400 kg; – take-off speed V = 360÷365 km/h (100÷101.4 m/s); – flap pull-
in speed V = 420÷450 km/h (116.7÷125 m/s). The assumed increase value of 
the lift coefficient for the inner flap ∆Cza = 0.164. 

Because the references specify that the take-off pitch is 10º (15º÷20º 
during an afterburner take-off), calculations were performed for three different 
flight path angles, γa= 0º, 20º, and 30º. The resulting values of the lift coefficient 
Cza (formula (9)) and 0_ =fzaC δ and the force Pza_inner are shown in Table 4. 

Table 4.  Forces within the wing areas occupied by two inner flaps 

Climb angle γa Cza 0_ =fzaC δ
 Pza_inner [N] 

00 0.85 0.686 77 529 
200 0.904 0.74 80 774 
300 0.981 0.817 85 351 

 
The results allowed a conclusion that the highest load force acting on the 

wing area occupied by a single inner flap is 42676 N. This load is applied at  
a climb at 30º and corresponds to the value 817.00_ ==fzaC δ . According to Fig. 

21 (dashed line), this value is valid for an angle of attack of 17º. 
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The distribution of the calculated loading force (across the wing area 
occupied by the flaps) results directly from the pressure distribution along the 
chord of the top and bottom surfaces of the wing. These distributions must be 
identified to calculate what part of the force acts on the flaps. They were 
established with suitable calculations in the XFOIL software for several angle 
of attack values. The value of 17º was not achieved due to the inherent 
constraints of the software. The pressure distributions were approximate to 
those shown in Fig. 23. The total surface area between the top and bottom curve 
for the entire section, Sp and the flap-occupied area, Sk were determined with the 
pressure distributions. The inner flap loading force was calculated with the 
expression: 

p

kinnerza

innerflapza
S

SP
P

2
_

__ =                                       (13) 

with the measured values Sp= 1.478 and Sk= 0.186 the resulting value 
Pza_flap_inner = 5400 N. This is the dimensioning force which loads the inner flap 
during take-off. 
 
8.2. Calculation of the loading forces of the inner and outer flaps during 

landing 
 
Similar to the take-off and climb, the relationship between the lift of steady 

descent and the aircraft weight is (8). Now the required lift coefficient can be 
calculated, see formula (9). In the case of the landing stage, this is the lift 
coefficient with both inner and outer flaps extended. Its value is equal to the lift 
coefficient of the wing with the flaps pulled in, 0_ =fzaC δ  and the previously 

calculated increase values for the inner flaps, 
innerzaC _∆  and the outer flaps, 

outerzaC _∆ :  

outerzainnerzazaza CCCC
f __0_ ∆+∆+= =δ  (14) 

Hence the total lift can be expressed as follows: 

outerzainnerzazaza PPPP
f __0_ ∆+∆+= =δ  (15) 

By applying the calculations analogous to those in Section 8.1, expressions 
are derived which determine the flap loading forces during landing: 
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( )
2

2

____0__

V
SCSCP innerzawkzpzainnerza f

ρ
δ ∆+= = ,

( )
2

2

____0__

V
SCSCP outerzazkzpzaouterza f

ρ
δ ∆+= =  (16) 

Further calculations included the previously stated values of the reference 
area and the inner flap surface area with:  

– the wing surface occupied by the outer flaps, Sp_z_k_z= 6.38 m2;  
– the maximum permitted landing mass of the aircraft m = 13400 kg;  
– the landing speed V = 285÷300 km/h;  
– the lift coefficient increase values  

164.0_ =∆ innerzaC ; 228.0_ =∆ outerzaC . 

The references specify that the landing pitch is -10º, calculations were 
performed for three different flight path angles, γa= 0º, -10º, and -20º. The 
resulting values of the lift coefficient Cza (formula (9)) and 0_ =fzaC δ  and the 

force Pza_inner and Pza_outer are shown in Tables 5 and 6.  
 

Table 5.  Forces in the areas occupied by two flaps at the landing speed of 285 km/h 

Flight path 
angle γa 

Cza 0_ =fzaC δ  Pza_inner Pza_outer   

0º 0.963 0.571 43093 N 45123 N 
-10º 0.978 0.586 43632 N 45487 N 
-20º 1.024 0.632 45334 N 46638 N 

 

Table 6.  Forces in the areas occupied by two flaps at the landing speed of 300 km/h 

Flight path 
angle γa 

Cza 0_ =fzaC δ
 Pza_inner Pza_outer   

0º 0.870 0.478 43968 N 47427 N 
-10º 0.883 0.491 44507 N 47791 N 
-20º 0.925 0.533 46210 N 48942 N 

Based on the results (see Table 6) it was assumed that the highest loading 
force value of the areas occupied by single flaps is, respectively: 23104 N for 
the inner flap and 24471 N for the outer flap. The loads are generated when the 
aircraft is descending at -20º and correspond to  and an angle of 

attack α = 8º, as established from Fig. 21. 
The part of the calculated forces applicable to the flaps was calculated by 

computing the pressure distributions on the top and bottom areas of the wing 
profile at this angle of attack in XFOIL.  

471.00_ ==fzaC δ
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The total surface area between the top and bottom pressure curve for the 
entire section, Sp and the flap-occupied area, Sk were determined with the 
pressure distributions. The flap loading forces were calculated with the 
expression: 

p

kinnerza

innerflapza
S

SP
P

2
_

__ = ,  
p

kouterza

outerflapza
S

SP
P

2
_

__ =  (17) 

With the values measured for the inner flap Sp= 1.478 and Sk= 0.186 the 
resulting value Pza_flap_inner = 2911 N. This is the dimensioning force which loads 
the inner flap during take-off. As for the outer flap, the values measured were 
Sp = 1.56, Sk = 0.257, providing the outer flap loading force of 
Pza_flap_outer = 4035 N. 
 
9. SUMMARY  
 

Based on the calculations discussed above, the maximum flap loading 
forces are, respectively:  

– Pza_flap_inner = 5400 N for the inner flap,  
– Pza_flap_outer = 4035 N for the outer flap.  
The force identified for the inner flap is applied during take-off, whereas 

the force identified for the outer flap is applied during landing. These are the 
force values that should be applied to the respective flaps during the fatigue life 
test of the aircraft structure. 
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Streszczenie. W pracy przedstawiono wyniki obliczeń sił działających na klapy 
samolotu Su-22 podczas startu i lądowania. Wykorzystano cztery różne analityczno- 
-eksperymentalne metody obliczeniowe w celu zwiększenia wiarygodności 
otrzymanych rezultatów. Będą one stanowić podstawę do przeprowadzenia prób 
zmęczeniowych tych elementów konstrukcyjnych skrzydła samolotu. Próby te 
wykonane będą w ramach szerszego programu badań, mających na celu wydłużenie 
procesu eksploatacji samolotu Su-22.  
Słowa kluczowe: mechanika, badania zmęczeniowe samolotów, obciążenia 
aerodynamiczne, klapy samolotu 
 


