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Preliminary Sizing of an Agricultural Aircraft 
 

I. A. Yousif *and M. Elhadi A. E.† 
 
Abstract: This paper aims to preliminary size an agricultural aircraft that meets the 
agricultural requirements in Sudan and could be manufactured locally and be equipped with 
an engine that works with cheaper type of fuel (Jet-A1). The specifications have been 
obtained from existing similar aircraft designs working in Sudan then the standard design 
procedure has been reproduced. The aerodynamic parameters have been obtained using 
FLUENT. The primary results were found qualitatively acceptable but need extensive 
verification. Finally a UAV down-scaled model has been constructed and a flight test has 
been carried out and the aircraft taxed, took off and landed safely. That indicated a good 
aircraft configuration. 
 
Keywords: Agricultural aircrafts, aerodynamics, wing, fuselage, tail unit design.  
 
 
Nomenclature 
Ih Incidence angle 
Λ Sweep angle 
λ Taper ratio 
Г Dihedral angle 
Lf Fuselage length 
df Fuselage diameter 
θfc Fuselage cone angle 
 
Abbreviations 
AERO-RC All engine operative-Rate of climb 
H.T  Horizontal tail 
M.A.C  Mean aerodynamic chord 
V.T  Vertical tail  
 
 
1. Introduction 
Agricultural aviation usually refers to agricultural, forestry, fishing and public health types. It 
is in fact an aerial application; i.e. the distribution of chemicals and seeds from the air on the 
surface of the land or water, or on vegetation plants. One should nevertheless remember that 
agricultural aviation also includes such work as aerial survey for agricultural purpose such as 
land use, livestock inventories, detection of crop diseases, locust detection and fire patrols. 
 
The need of new design comes from high direct operation cost that arises from high costly 
fuel consumption and expensive spare parts. 
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2.4.1  Fuselage layout design 
 

Design of cockpit and fuselage layout 
Fuselage is carrying one pilot and his equipment and chemical tank (hopper) systems. The 
fuselage geometric parameters shown in Fig. 4 for agricultural aircraft were chosen as 
displayed in Fig. 5 from statistical study but both the ratio of length of fuselage cone to 

maximum diameter and angle of cone fc
f

fc

d

l
,  are out of range due to nose L.G. configuration.  
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Fig. 4   Geometric parameters of the fuselage, [2] 
 

 
 
 
 

Fig. 5   SEAD-8 fuselage layout and section design 
 

2.4.2  Selection of propulsion system type 
A tractor installed propeller type with two blades has been selected. The blade-power-loading 
(PbL 5.0) , the propeller diameter is calculated from: 
 

 mftPnPD blPP 8.22.9)}max/(4{ 5.0    (5) 
 

All dimensions are in feet 
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 FLL F
CC 


 (7) 

 
)/( CCCC LL F




  (8) 

 )2/tan()/(21)/( CZCC fh


 (9) 

From statistical study as detailed in ref. [2]: 
 Distance ratio   Zfh/c  = 0.1 
 Flap chord to m.a.c ratio Cf /C = 0.25 
 Flapped wing area  Swf /S= 0.33 
 Flap deflection in T.O. δfTO   = 10 deg. 
 Flap deflection in landing δfL    = 15 deg.  
 

 )1/()])(1(2)[(/ 00   iiwf SS  (10) 
 

 Flap stations as in (Fig. 7) ηi = 0.12,    ηo = 0.45 
 
Figure 8 describes wing plan form with flap with supposed location of front and rear spars in 
dashed lines while the fuselage station in dotted line. 
 
 
 
 
 
 
 
 
 

Fig. 8   Wing dimensions 
 

2.4.4  Empennage design 
The empennage has been sized as a conventional configuration, the canard configuration has 
not been adopted, and the tail unit position is in rear of fuselage [2]. 
 

2.4.4.1 Horizontal tail sizing 
The required parameters to size H.T is wing area, wing m.a.c. H.T volume Vh= 0.4 and 
distance from C.G to H.T m.a.c. Xh=14ft and H.T. aspect ratio Ah=3 and elevator area to H.T 
area Se/Sh = 0.25 selected from statistical study as follows; 
 

 ft
X

SCV
S

h

h
h 2.67  (11) 

 hh SbA /2  (12) 

 Airfoil selection:  = NACA 0009 
 H.T span, bh  = 14.2 ft 
 H.T chord, Ch  = 4.7 ft, 
 Elevator area, Se = 16.8 ft2,  
 Elevator chord, Ce  = 1.5 ft,  
 Elevator span,  be  = 14 ft, 
 Ih= 0,     Λc/4  = 0,   λh  = 1,  
 

2.624 ft 
22 ft

7.3 ft 4.92 ft

9.84 ft 

Fuselage Station
WR 

2.2 ft
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2.4.4.2 Vertical tail sizing 
As previous, the required parameters to size H.T is wing area, wing span, V.T volume 
Vv= 0.022 and distance from C.G to V.T m.a.c. Xv= 13 ft and V.T. aspect ratio Av= 1.3 and 
elevator area to V.T. area Sr /Sv= 0.3 selected from statistical study [2].  

 
v

v
v X

SbV
S   (13) 

 Av= b2/Sv (14) 
 

 Airfoil selection: NACA 0012 
 V.T area, Sv  = 23.98ft2 
 V.T span, b   = 5.6ft 
 Rudder area, Sr  = 7.2 ft2 

 Rudder chord,  CR = 1.3 ft 
 V.T tapper ratio, λv  = 0.74 
 V.T sweep angle, Λc/4 = 15 deg. 
 )1(/2  bSCroot  (15) 

 Rudder root chord, Croot = 5 ft 
 Rudder tip chord, Ctip  = 3.7 ft  

 )1(
3

2 2  rootMean CC     )1/()21(
6

 
b

Y               [7] (16) 

 V.T mean chord, CMean = 4.38 ft 
 

2.4.4.3 Landing gear disposition 
Two geometric criteria that need to be considered in deciding the disposition of the landing 
gear strut are: 
 

i- Tip-over criteria 
The main landing gear must be behind the aft C.G location, the (15o) angle which usually 
represents the relation between main gear and aft C.G. as clear from Fig. 9. 
 

ii- Ground clearance criteria 
The lateral ground clearance angle and the longitudinal ground clearance angle apply to 
tricycles. Accordingly, the following values have been determined; 
Longitudinal ground clearance criterion:- Base=11.8ft, distance enough to prevent nose-over 
and to prevent tail from touching the ground Fig. 9. 
 

 
Fig. 9   Landing gear lateral tip over criteria 

 
Lateral ground clearance criterion 
Angle 54o is quite enough to avoid tip-over (protect wing tips from touching ground when 
aircraft is turning).Track=11.8ft (distance between wheels) is enough to create the angle as in 
Fig. 10. 

11.8 ft
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Fig. 10   Landing gear longitudinal tip over  
 
2.5  Aircraft Weight and Balance 
The initial component weight breakdown is shown in Table 3 using weight prediction 
methods [5]. The center of gravity location has been determined as shown in Table 3 below. 
 

Table 3   SEAD-8 C.G. location (forward or afterward) 
 

Component 
Weight

lb 
X 
in 

Y 
in 

W iXi 
lb.in 

WIYi 
lb in 

Horizontal tail 83.51 327.3 3.2 27332.82 267.232 
Vertical tail 35.79 301.7 78.0 10797.84 2791.62 
Fuselage 355 118.4 66 42032 23430 
Wing 891.1 111.8 3.2 99624.98 2851.52 
Main gear 173.52 149.6 -26.0 25958.59 -4511.52 
Nose gear 43.38 12.6 -39.4 546.588 -1709.17 
Fixed equips 712.4 94.5 102.4 67321.8 72949.76 
Engine 851.6 5 0.4 20.5 42920.64 17457.8 
Foreword C.G. 3198.3 100.1 36.3   

Pilot 220.4 118.1 31.5 26029.2 6942.6 
Fuel 783.5 126.0 3.2 98721 2507.2 
Chemical load 2204.6  163.8 26.8 326280.8 57319.6 
Aft word C.G 6406.8 120 28.8   

 
 
2.6  Aircraft Overall Configuration 
Autodesk® AutoCAD has been used to draw the aircraft external layout as illustrated in 
Fig. 11. 
 
 
3.  CFD Predictions 
Due to symmetry, only half model is used as displayed in Fig. 12 and demonstrates the 
surface mesh of half model while Fig. 13 shows the mesh of the entire domain. 
 
Table 4 lists the resulted lift, drag and moment coefficients for three different values of angle 
of attack. 
 

54o



Paper: ASAT-14-089-SE
 
 

9 

 

 
 

Fig. 11   SEAD-8 3-D view 
 
 

 

Fig. 12   SEAD-8 meshed surface 
 

Fig. 13   Meshed domain 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 14   Pressure distribution on upper and lower surfaces. 
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Table.4 Aerodynamic derivatives obtained form CFD  
 

 
 
 
 
 
 
4.  Aircraft Testing as a UAV 
Due to practical reasons the actual aircraft size was difficult to be manufactured and tested. A 
scaled down aircraft model has been manufactured as a UAV to prove that the aircraft is 
flyable. The scale factor 1:6.5 (N = 15%) has been used to fabricate the model [9]. To ensure 
the dynamic similarity of the flow, there are two criteria, namely geometrical similarity and 
flow similarity parameters; i.e. Reynolds number and Mach number. For low speed Reynolds 
number similarity is more significant. 

 




 )15.0(

Re
dVVd m  (17) 

Because the test was made in the atmosphere ρ and μ are the same for the full scale and down- 
scaled model, the difference will appear mainly in the velocity e.g. Vs model=0.15Vs actual.  
The aircraft weight and wing area were found from; 
 NLL Am   (18) 

 2NSS Am   (19) 

 ,3NWW Am    (20) 

Wm=21.735 lb   
 
Figure 15 shows shabloons which were made and used to fabricate wing and fuselage. 
 

 
Fig. 15   SEAD-8 shabloons 

 
Assembled UAV is ready to test for flying as shown in Fig.16 and was successfully taxed, 
took-off as demonstrated in Fig. 17 and smoothly maneuvered as displayed in Fig. 18 and 
then safely landed as clear in Fig. 19. That confirmed that the external configuration was quite 
acceptable. 
 
5. Conclusion and Recommendations 
According to the assumed customer specifications, the paper has undertaken the tasks of 
weight estimation, fuselage layout design, wing sizing, high lift device sizing, empennage 
design, landing gear disposition, weight and balance, CFD predictions, UAV manufacturing. 
Stability issue has to be addressed in a more extensive approach. Namely DATCOM is 
suggested for determining stability derivatives. These issues are subject to comprehensive 
analysis being conducted presently by the authors and will be published later. 

Angle of attack, [deg] CL CD CM 

-4 0.0911467 0.02471999 0.0010672 
0 0.0089899 0.25545 0.023397 
4 0.25544468 0.0233903 0.01571 
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Fig. 16   SEAD-8 as UAV Fig.17   UAV at take-off 
 
 

Fig. 18   UAV at maneuvering Fig. 19   UAV at landing 
 


